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PKEFACE 


T he first edition of the Encyclop(sdia Britannica was prepared by “ A Society of 
Gentlemen in Scotland,’' as the authors are described on the title-page, and 
the first weekly seQtion was sold in December 1768 by “ Colin Macfarquhar, at his 
printing ofiice in Nicolson Street,” Edinburgh. In 1771 the publication was completed 
in three volumes quarto, containing 2670 pages and 160 copper plates. From this 
small beginning the Encyclopedia Britannica has increased, in size as well as in 
importance, until the present edition, when completed by the new volumes, to the first 
of which these words of introduction are prefixed, will include more than 28,000 
pages and more than 12,000 plates, maps, and other illustrations. The evolution, 
during the one hundred and thirty-four intervening years, was gradual. The second 
edition, containing 8595 pages, was completed in 1784; the third, 14,579 pages, in 
1797; the fourth, 16,033 pages, in 1810; the fifth, 16,017 pages, in 1817; the 
supplement to the fifth edition, 4933 pages, in 1820 ; the sixth edition, 16,017 pages, 
in 1823; the seventh, 17,011 pages, in 1842; the eighth, 17,957 pages, in 1861. The 
first volume of the Ninth Edition was published in 1875, and the last, making a total 
of 21,572 pages, in 1889; and the continued public recognition of the utility of the 
Encyclopedia Britannica is strikingly shown by the fact that of this Ninth Edition 
more than forty thousand copies have been purchased in the United Kingdom alone during 
the past four years. The vitality and authority which the Encyclopedia Britannica 
has maintained through a period of almost a century and a half may be attributed to 
two conspicuous and distinctive characteristics, inherent in the purpose, and apparent 
in the execution, of its successive editions. In the first place, the publishers and the 
successive editors, from the beginning, brought to the undertaking an elevated view of 
their task. The Scottish origin of the work imparted to its inception a certain sternness 
of purpose, and the perfecting of the successive editions has been almost a cult, as well 
as a business. The second characteristic, the collaboration of distinguished contributors, 
•was at once a corollary of the policy of the editors and a result of the reputation which 
Jhe Encyclopedia Britannica so promptly acquired and so firmly retained. The fact 
has often been cited that in 1812 Dugald Stewart received for one “Philosophical 
Dissertation,” in the supplement to the fifth edition, a sum of £1700, wdiicli was then an 
unprecedented remuneration for such a task, and from that time the cost of obtaining 
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the best work seems never to have given pause to an editor. But no scale of payment, 
however liberal, could have enlisted the services of all the distinguished men who con- 
tributed to these nine editions, if they had not held in high esteem the natiobal library 
of reference — no longer merely a Scottish enterprise — for which they were invited to write. 
Sir Walter Scott, Macaulay, Arago, Hazlitt, De Quincey, Professor Playfair, Jeffrey, 
Charles Kingsley, Ricardo, Dr Hooker, Layard, Baron Bunsen, Sir David Brewster, and 
Professor Owen were among the contributors to the first eight editions. The contributors 
to the Ninth Edition numbered more than a thousand, among them so many men of the 
highest distinction that their quality can only l)e indicated by the citation of a few shch 
names as those of Professor Huxley, Lord Kelvin, Lord Rayleigh, Sir Archibald Geikie, 
Professor Max-Miiller, Professor Ray Lankester, Sir William Crookes, Sir Robert Ball, 
Mr Alfred Russel Wallace, Mr Swinburne, and Robert Louis Stevenson. The statement 
that the last of the new volumes of the EncyclopcB<iia Britannica will be published 
within a year, and that the contributors arc a body no less distinguished and pro- 
portionately even more numerous, completes this brief summary of the history of the 
work. It has been the aim of the c-ditors to make the new vdlumes so complete that no 
further edition will be rc(iuired by the present generation, foi’ th» new portion of the 
work, in combination with the existing volumes of the Ninth Edition, forms, for all intents 
and purposes, a tenth edition. ^ 

These new volumes constitute a new, distinctive, and independent library of reference, 
dealing with modern developments of science, art, literature, history, biography, sociology, 
industry, commerce, invention, medicine and surgery, although their primary purpose is 
to supplement, complete, and bring up to date the Ninth Edition. The urgency of com- 
plementing that edition was even greater than the date of its publication would indicate. 
The first four volumes were published in 1875, the remainder appearing at varying 
intervals until the work was completed in 1889. Roughly speaking, the year 1880 may 
be regarded as a median date fairly representing the time of production of the average 
article. As a matter of fact, however, the Ninth Edition g.ave to the events of the Victorian 
Era a consideration less minute than that which it accorded to earlier periods of history 
and earlier developments of the arts ami sciences. The intellectual point of view, in 
1875, was influenced by scholastic traditions of which the rigour has since undergone 
considerable modification. It was then the practice to await patiently a future time 
at which what was called the historical perspective might be attained. It was thought 
imprudent for the writer to venture upon ice as yet but newly formed. The article upon 
the History of England, for example, appeared in the eighth volume, published in 1878, 
and of its 104 pages, 102 are concerned with events prior to the death of George IV., 
and only two with English history subsequent to 1830. In adopting this policy, 
the editors of the Ninth Edition acted in accordance with the best opinion of their 
generation. Since their day opinion has altered ; it now seems proper that a work of 
reference should, as closely as is consistent with the avoidance of hasty judgment, present 
a full account of the most recent events and the latest phases of progress. The new* 
volumes thus cover a period of time and a field of subject-matter proportionately larger 
than the period and field which the Ninth Edition added to the scope of the eighth. In 
selecting the point of departure for each article, as well as in deciding upon the moment 
at which its subject should be relinquished, the editors have been impelled by the changed 
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conditions of our time to give more space than would have been required if they hod been 
content to regard their task as limited by a period of twenty years, and by the degree of 
reticence Vith regard to recent events which was formerly thought to be advisable. Of 
the sixteen thousand! articles in the Ninth Edition, a great number needed no revision, but 
many others — even among the articles dealing with completed achievements, such as the 
lives of men long since deceased, and the histories of extinct nations — called for modifica- 
tion as a result of recent research. Yet, if the last twenty years alone were to be displayed 
to the reader, they would be recognized as marked by a progress absolutely unmatched in 
any equal period of the world’s history. 

Sir Archibald Geikie, on the occasion of the banquet held at Christ’s College, Cam- 
bridge, in 1888 , to celebrate the issue of the twenty -fourth volume of the Ninth Edition, 
express^! a wish that it were possible explicitly to contrast the conditions and prospects 
of the world at that time with what they had been when the eighth edition was completed 
in 1861 , “to sketch the vast realms of knowledge and of thought that had l)een conquered, 
and to enumerate even a few of the great treasures, undreamt of in variety and value, 
which have been added to^the sum of human knowle<lge.” Such an apposition, displaying 
side by side the state, of human knowledge in 1880 and its present state, would yiehl an 
even more striking lesson. Within these twenty years — and as we have seen, the period 
covered by the new volumes is in fact much longer — there have been astounding changes 
in all departments : political, social, economic, religious, scientific, literary, and artistic. 
Political frontiers have been altered by wars and conventions ; the British Empire has 
vastly increased in vitality as well as in extent ; America, recovered from the shock of her 
Civil War, has become a world-power as well as an industrial factor of the first import- 
ance ; Germany, since the Franco-Prussian War, has become another industrial competitor ; 
France has made extraordinary efforts to regain lost ground ; and in the Far East, Japan 
has attained an unforeseen importance. The chief postulates of all branches of inquiry 
have been revolutionized by the widespread application of the theory of evolution an<l of 
new methods of research, while the application of science to the arts has enlarged our 
vision and led to new inventions in every sphere of life. Preventive medicine and 
aseptic surgery have come into existence and been matured ; literary and artistic produc- 
tion has increased with almost unexampled rapidity, and much of this increase has been 
wholesome and deserves attention ; great men and women have passed away, leaving 
their lives to the enlightenment of posterity, and new personalities of commanding 
importance have come to the front. 

Containing, as they do, not only an account of this fertile period, but dealing also 
with many events and developments earlier in the Victorian Era, the new volumes cannot 
but be of use as a distinct encyclopsedia of modern progress, adapted to the wants of 
readers Avho desire to confine their reading to modem topics. In order, on the other hand, 
to estimate the practical utility of the new volumes, if they be regarded as a .supple- 
ment to the Encyclopcedia Britnnnica, attention must be given not only to the inevitable 
^aps with which the lapse of time has pitted the Ninth Edition, but also to the position 
which that edition occupies in public esteem. In the TTuited Kingdom alone more than 
fifty thousand persons possess the Ninth Edition and i-egard it as the most authoritative 
work of reference. In the United States more than four hundr'ed thousand copies have 
been purchased. There are, therefore, in all parts of the English-speaking world, a vast 
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body of men who habitually use the work and who await the appearance of a complement 
to its contents. They form the half-million readers whose requirements the editors have 
had primarily to consider. The endeavour to meet these requirements has beeh made at 
a particularly happy moment, for, in nearly all civilized countries, a Census was completed 
just in time to enable the editors and contributors to avail themselves of the latest official 
statistics. It is not simply in respect of its statistical information that a census yields 
important material. It alibrds a large body of fresh facts with regard to public health, 
commerce, agriculture, and manufacture, the spread of education, and the comparative 
vitality of various nations, so that articles of many different sorts are far richer and fuller 
than they could otherwise have been. There is, indeed, no publication other than these 
new volumes in which the results of this world-wide census are similarly comprised. 

To the twenty-four volumes of text in the Ninth Edition of the EncyfUopcsdia 
Britannica there will now be added eleven further volumes containing 10,000 articles 
by 1000 contributors, 2500 new maps, plates, portraits, and other illustrations ; in all 
about 7000 new pages, the volumes l)eing of the same size as those of the Ninth Edition. 
The preparation of the new volumes was begun early in 189% but the first year’s work 
was largely devoted to fixing the s<;ope and plan of the work, determining the subjects to 
be treated, selecting the departmental editors, to the selection by them of the contributors 
(a choice which could judiciously be made only by men of special technical knowledge), 
and to the discussions which necessarily preceded the actual tAsk of writing. In order 
that the various contributions, especially those in which statistics phiy an important part, 
or in wliich new inventions or discoveries are described, should be checked and corrected 
in the light of the most recent research, all the articles have been carried in type, subject 
to revision by editors and contributor, and will thus be found to contain information 
available only a few weeks before they issue from the press. So great is the number of 
subjects treated in the new volumes, and so thorough their treatment, that only the most 
zealous goodwill on the part of the contributors has made it possible to keep the new 
matter within eleven volumes. This limitation was the more difficult, or from another 
point of view the size of the supplement was the more inevitable, for another reason. 
In the earlier history of the Encyclo’jKPdia Britannica, we find that biographies of 
any sort wore barely tolerated. In 177G the third Duke of Buccleuch, who was greatly 
interested in the project of the second edition, had much difficulty in persuading the 
editors to include biographical articles, whi(;h they deemed “ inconsistent with the purpose 
of a dictionary of arts and sciences.” In the case of the new volumes it has been thought 
necessary, in order to bring the biograpliical section up to date and to make it as 
comprehensive as other sections, to include lives of certain living men and women. The 
policy of the editors in this particular was to seletst for the most part the lives of those 
whose positions had become so fixed that, whatever promise of future ac.hieveraent their 
continued vigour might give, there was no reason to believe that the general character 
and purpose of their work would materially change. Among the younger generation, 
biographies are included of reigning sovereigns or heads of states, and of some few others 
whose names are already of commanding interest. ^ 

A noteworthy feature of the new volumes will be the new and comprehensive index 
to the completed work, covering under one alphabetization the Ninth Edition and the new 
volumes. It will contain more than 600,000 entries, and will not only be exceedingly 
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minute in its analysis, displaying the latest development of the time-saving art of precise 
indexing, but will also by far the most complete index to the general sum of human 
knowledgrfwhich has ever been compiled. An index thus constructed on modern lines will 
greatly &icilitate the ’use of such a work as this, for its possessor will enjoy the advantages, 
without suflFering the disadvantages, which mark a work of reference consisting of general 
treatises rather than of brief and fragmentary articles treating, after the manner of a 
dictionary, each subdivision of a subject under a separate heading. This dictionary 
system of treatment gives a far less readable result, and its practical convenience is 
no greater than that which the new volumes will offer with the aid of their elaborate 
index. 

Other considerations which affected the size of the supplement were the need for new 
maps, cabled for by recent political changes and geographical discoveries, and also the 
necessity for copious illustration. The Ninth Edition was more amply illustrated than 
any former work of reference had been, and since its time the utility of informati\ c 
illustration, as distinguished from mere pictures, has become more and more generally 
recognized. A picture of, a machine, occupying a few square inches of space, conveys 
a clearer impression than a whole page of description. The new volumes are therefore 
even more copiously illustrated than were those of the Ninth Edition, and the 2500 
separate drawings which were made will, it is believed, fully justify the great care wdiich 
Iras been expended upon them. The portraits and reproductions of pictures which accom- 
pany the biographies of living celebrities have in important instances been chosen for this 
purpose by the persons themselves, and the engravings have all been executed specially for 
the work. Every effort has been made to conserve in the new matter the high standard of the 
Ninth Edition, although the articles are conceived in a spirit more modern than that which 
obtained a generation ago. The present demand for practical details, for the industrial as 
well as the theoretical point of view in treating scientific developments — a natural result 
of the fact that new classes of readers have been stimulated to practical research by the 
spread of education — is another factor which contributed to the number and variety of 
the articles. Men w'ho are engaged, if not literally in the manual processes of manu- 
facture, at any rate in the immediate supervision of these processes, form a section of 
the reading public peculiarly exacting in their requirements. The great keenness of com- 
petition between English and foreign manufacturers furthermore makes it essential that 
financial, commercial, industrial, and scientific topics should not be approached from an 
insular and restricted point of view. 

With this and many other considerations in mind, the selection of the contributors 
to the new volumes was a task of great delicacy. The first step was to choose the 
departmental editors by whom the individual contributors should in turn be nominated, 
and in both respects the editors believe the selections have been remarkably successful. 
A list of departmental editors and of contributors will be found in another part of tlie 
work, and it will be perceived that German, French, Dutch, Italian, Spanish, Russian, ajid 
Scandinavian writers have tlone much to round off the comprehensiveness of these new 
volumes, and to bring to a wider field of examination the same spirit of accurate scrutiny 
which characterized the Ninth Edition. It may be doubted whether in any previous work 
of reference the advantages to be gained from the cosmopolitan character of the stafl’ 
of contributors have been so fully attained. Absolutely no discrimination was made 
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between British and foreign writers, contributions having been invited from the men 
believed to be best qualified to write upon each of the subjects to be treated, and in 
respect especially of American writers the result has greatly add^ to the comprehensive- 
ness of the work. Certain fields of applied science and industrial development have of 
lute years owed so much to American initiative, and the subjects in regard to which it was 
desirable to enlist the co-operation of American writers consequently proved to be so 
numerous, that an editorial branch office was opened in New York. The names of the 
American departmental editors and contributors speak for themselves, and for the purpose 
of this preface it is sufficient to say that, while Ijc Figaro described the Ninth Edition as 
“ Un monument litteraire auquel VEuro'j>e savante tout entibre a collahorS" these 
supplementary volumes are the product of the New World as well as of the Old. 

It has already been observed that readers in the United States form a considerable 
proportion of the public to which these volumes may bq expected to appeal, but it 
should be noted that the care with which American and Colonial subjects arc treated 
would have been as sedulous if the supplement had been intended for readers in the 
United Kingdom only. The woi'ld beyond our oavu islands, pnd especially the English- 
speaking part of it, has become more intimately associated with our life and thought than 
it was twenty years ago. tJargocs of wool from AustraUa, and of cotton from America, 
are no longer the only enrichment we receive from the descendants of the British who 
betook themselves to fresh fields of enterprise. They send us new ideas and new’ inven- 
tions, and the fruit of their activities becomes indistinguishable from other portions of the 
common heritage of the race. 

In allotting subjects to the various British and foreign writeis whose co-operation 
was invited, the editors were guided solely by the desire to procure the best possible 
treatises, without regard merely to the measure of reputation enjoyed by individuals, 
and yet by this process they have associated with the work a body of men whose names 
will readily be recognized by the general reader. If the collaboration of eminent men 
can ensure success, an examination of the List of Contributors to these volumes w'ill 
show that the editors have been greatly favoured. The natural impulse, when contributors 
are to l)e chosen, is to enlist the assistance of ready w’riters and trust to their versatility. 
But an authoritative work of reference cannot be created by so hazardous a method. Not 
only men accustomed to literary activity, but those to whom verbal expression is a mere 
incident of other activities — sailors and soldiers, men busied in commerce and finance, 
leaders in all the <lifferent divisions of life — must bring each his special knowledge to his 
special subject. That was the policy adopted by the editors of the Ninth Edition, and 
their example has been followed in the present undertaking. 

The editors desire in this connexion to express their great obhgation to the depart- 
mental editors, whose expert knowledge has been of incalculable service in suggesting the 
names of the writeivi best qualified to treat special subjects, and in twlvising the editors 
with respect to technical articles. A list of these departmental editors will be found at 
the beginning of this volume. The editors are also indebted to other eminent authorities 
for advice with regard to larger aspects of the task. They have not hesitated, in the 
course of an undertaking so important from every point of view, to ask personal counsel 
from those whose rank or official position precluded a direct association with the work, 
and in every instance their requests have met with the fullest acquiescence. More 
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detailed acknowledgments of the editors’ many obligations will be found in a note forming 
part of a later volume. 

The J>ractice of identifying the more important articles with their authors by means 
of initials has been' followed in these new volumes to an even greater extent than in 
the Ninth Edition, although it has not seemed desirable for living writers to sign the 
biographies of living persons. In a few cases important articles are deliberately left 
unsigned, for anonymity was necessitated by the fact that onlv on that condition could 
the editors induce certain highly-placed writers to undertake subjects which they had 
mode peculiarly their own, and yet coula not treat with the detachment which is 
essential to objective discussion if their personalities were formally associated with what 
they said. In enlisting the writers of both the signed and the unsigned articles, the 
editors had to overcome many reluctances, due often to the difficulty in wliich a new 
writer is placed when invited to complete another man’s work. The editors fully 
recognize that in this respect, as in others, their labours in the matter of securing the 
best writers have been lightened by the honour in which the K'ricyclojmdia Britannica 
is held. Unchallenged throughout the changes of more than a century, that work stands 
as the classical embodiment of the highest scholarship and research. Contributors, as 
well as editors, are proud to associate their efforts with the traditions of an enterprise 
which confers some ray of its lustre upon the least among its servants. 

THE EDITORS. 

Lonook, May 1902. 
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Aachen, the German name for Aix-la-Chajielle 
(q.v.). 

AftIborgfiP capital of county Aalborg, Denmark, on 
the S. side of Liimfjord, 87 miles by rail N. from Aarhus, a 
growing industrial and commercial centre. In 1899, 1532 
vessels of 250,745 tons entered the port, and 1599 of 
245,681 tons cleared. The iron bridge connecting Aalborg 
with Nbrre Sundby (pop. 3000) on the N. side of the fjord, 
1250 ft. long, is one of the finest jiieces of engineering in 
the kingdom. Population, 14,152 (1880) : 19,503 (1890) : 
31,462 (1901). 

AftlMundi a seaport town of Norway, situated on a 
ring of islands surrounding the harbour, co. Komsdal, on 
the W. coast, 145 miles N. by E. from Bergen. Founded in 
1824, it is the princi{)al shipping-'})lace of Sondinore, and 
one of the chief stations of the herring fishery. A little to 
the south of the town are the ruins of the reputed castle 
of Gangu Hrolf, the founder, in the 9th century, of the 
dynasty of the dukes of Normandy. Population, 5603 
(1875) ; 8406 (1891); 11,672 (1901). 

Aaraup the capital of the canton of Aargau in 
Switzerland, on the Aar, alK)ut 50 miles by rail from 
Berne, and 31 miles from Zurich. In the j)arliament 
house there is some good j>ainted glass of the 16th cen- 
tury from the neighbouring Benedictine abbey of Muri, 
suppressed in 1841. Aarau was the residence of Iloinrich 
Zschokke (born 1771, died 1848), the well-known Swiss 
novelist and historian, to whose memory a bronze statue 
has been recently erected in the town. Population, 6809 
(1888); 7824 (1900). 

^arg^aUi a Swiss canton, boimded on the N. by the 
Blune, on the E. by Zurich and Zug, on the S. by Lucerne, 
ana on the W. by Basel, Solothum, and Berne. Its total 
area is 542 square miles. Of this 517*9 square miles are 
classed as “productive,” forests covering 169 square miles, 
and vineya^s 8*2 square miles. The population was 
198,718 in 1870; 198,357 in 1880 ; 193,580 in 1888 ; and 
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206,460 in 1900, being 381 to each square mile. The popu- 
lation is almost exclusively German-speaking ; for in 1900 
there were but 826 French -sj^eaking, and 2468 Italian- 
speaking inhabitants. In 1 888 there were 85,835 Boinauists, 
106,351 IVotestants, 1051 Jews; in 1900, 91,047 Boman- 
ists, 114,218 Protestants, 1010 Jews. The capital is 
Aarau, the only other towns in the canton which in 1888 
had over 3000 inhabitants being Baden, Zofingen (4450), 
and Beinach (3130). The cantonal constitution dates 
from 1885. The legislature consists of memlxirs elected 
in the proportion of one to every 1100 (or fraction over 
550) inhabitants. The “ obligatory referendum ” exists 
in the case of all laws, while 5000 citizens have the right 
of “initiative” in proposing bills or alterations in the 
cantonal constitution. The canton sends ten members 
to the Federal National Assembly, being one for every 
20,000, or fraction over 10,000 inhabitants. In 1897 the 
state revenue was 3,260,156 francs, and the state exijcn- 
dituro 3,064,181 francs, but both in 1898 and in 1899 there 
was a deficit, while another of 98,600 francs was in the 
budget of 1900. In 1897 the public debt was 2,430,000 
francs, while the productive state property amounted to 
19,317,644 francs. There are many old historical castles 
in Aargau, such as Habsburg, Lenzburg, Wildegg, Ac. In 
1841 Aargau, under the influence of Augustine Keller, 
suppressed the eight monasteries (of which the most im- 
portant were Muri and Wettingen) within its territory, 
this violent act ultimately leading up to the “ JSonderbund ” 
war in Switzerland in 1847. 

^^eeArgovia (published by iheCantonal Historical Society), Aarau, 
from I860.— Ukonneu. Dtr KmUev, Aargau. 2 vols. St Gall and 
Bern, 1844. — Mxnz. DU JUchtagwlUn d. Kant. Aargau, 2 vols. 
as yet. Aarau, 1898 and 1900 .— MOlleu. Der Aargau, 2 vols. 
Ziiricb, 1870. 

ActrhUSp a seajiort and bishop’s see of Denmark, 
CO. Aarhus, on the E. coast of Jutland, 68 miles by rail 
N. by E. from Fredericia ; the second largest town of the 
kingdom and the principal port of Jutland. There are 
two new churches — St Paul’s (1885-86) and a Boxnan 
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Catbolic church (1878-81) — a libraiy ( 1899 ), and a theatre 
(1899). A new harbour basin was m^e in 1888-90. In 
1899 the |x>rt was entered by 2711 vessels of 476,439 tons, 
and cleared by 2710 of 476,380 tons ; exports, chiefly agri- 
cultural produce (bacon, butter, eggs), coal (162,350 tons), 
iron, and manure. Pop. 24,831 (1880); 33,306 (1890); 
43,000 (official estimate, 1898). 

AMI0I1i I 813-1896), Norwegian philologist and 
lexicographer, was l^rn at Aamn i Orsten, in Bondmore, 
Norway, on the 5th of August 1813. His father, a small 
jieasant-farmer named Ivar Jonssun, died in 1826. He was 
brought up to farmwork, but he assiduously cultivated all 
his leisure in reading, and when he was eighteen he ojtened 
an elementary school in his native ijarish. In 1833 he 
entered the household of H. O. Thoresen, the husband of 
the eminent writer Magdalene Thoresen, in Hero, and here 
he ;)icked up the elements of Latin. (Iradually, and by 
dint of infinite patience and concentration, the young 
]>oasant became master of many languages, and began the 
scientific study of their structure. About 1841 he had 
freed himself from all the burden of manual labour, and 
could occupy his thoughts with the dialect of his native 
district, the Bondmore ; his first publication was a small 
collection of folk-songs in the Bbndiuore language, 1843. 
His remarkable abilities now attracted general attention, 
and he was hel})ed to continue his studies undisturbed. 
His (Hrammar of ifut Korweffian DialecU^ 1848, was the 
result of much labour, and of journeys taken to every part of 
the country. Aasen’s famous IHctiumiry of the Xorweffian 
Dialects appeared in its original form in 1850, and from 
this publiciition dates all the wide cultivation of the 
popular language iu Norwegian, since Aason really did no 
less than construct, out of the different materials at his 
disposal, a pojmlar languagt) or definite folke-maal for 
Norway. With certain ino(lifications, the most important 
of which wore introduced later by Aason himself, this 
artificial language is that whi(*h has been adopted e\er 
since by thoiiH who write iii dialect, and which fanatics 
to-day (1901) are once more endeavouring to foist upon 
Norway as her official language in the ]»lace of Dano- 
Norwegian, Aasen coinjiosed iK)ems and plays in the 
composite dialect to show how it should Ihj used ; one of 
these dramas, yVwj Heir (1855), was frequeutly acted, and 
may be considered as the juonoer of all the abundant 
dialect-literature of the last half-century, from Vinje down 
to Garborg. Aasen continued to enlarge and improve his 
grammars and his dictiouary. Ho lived very quietly in 
lodgings in Christiania, surrounded by his books and 
shrinking from publicity, but his name grew into wide 
political favour as his ideas about the language of the 
jieasants bec^iine more and more the watchword of the 
popular fiarty. Quite early in his career, 1842, he had 
begun to receive a stijicnd to enable him to give his 
entire attention to his philologiciil investigations ; and the 
Btorthing — conscious of the national importance of his 
work — treated him in this respect with more and more 
^uorosity as he advanced in years. He continued his 
investigations to the last, but it may be said that, after the 
1873 edition of his Dictiomiry^ he added but little to his 
stores. Ivar Aasen holds ^nsrhajis an isolated place in 
literary history as the one man who has invented, or at 
least selected and constructed, a language which has 
])lcasod so many thousands of his countrymen that they 
have accepted it for their schools, their sermons, and 
their songs. He died iu Christiania on the 23rd of 
Beptombor 1896, and was buried with public honours. 

(K. «.) 

Ab4d«h, a small walled town in the province of 
Pars in Persia, situated at an elevation of 6200 feet in a 


I fertile plain on the high road between Isfahan and Shiran 
I 140 miles from the former and 170 miles from the lattor 
I piaoa It has a population of about 4000, is the chief 
place of a district with the same name, has %^^mph and 
post office, and is famed for it^ beaytifully-carved sherbet 
spoons and boxes, which are made from the wood of pear 
and box-trees. 

AtMlf lake. Bee Abyssinia. 

Abalp rlVBtm See Abyssinia. 

AbaJean, Abakansk. See Minusinsk. 

AbAnahy or Amanah (R.V. Abdna, classical Chry- 
sorr/ioas, modern Baradd), one of the “rivers of Damas- 
cus,” which rises in the heart of Anti-Lebanon. As the 
river escapes from the mountains, through a narrow gorge, 
its waters spread out fan-like, in canals or “rivers,” to 
irrigate the plain and siipidy Damascus. The name of 
one “river,” Nahr BdniAs, retains a trace Gf Abdnah ; 
and, in the Arabic translation of O.T., that of another, 
Nahr Tafira, takes tfie jdace of Pharpar, which is identified 
by some authorities with the Nahr el-‘Awaj, 

Abattoir. See Slaughter-houses. 

AbbadlOf Antoine Thomson d’ (isio- 
1897), and Amaud Miohol d’ (1815-1893), two 
brothers notable for their tn^vels in Abyssinia during the 
first half of the 19th century. They were both born in 
Dublin, of a French father and an Iri^ mother, the former 
in 1810 and the latter in 1815. The parents removed to 
France in 1818, and the^e the brothers received a careful 
scientific education. In 1835 the French Academy sent 
Antoine on a scientific mission to Brazil, the results of which 
wore jmblished at a later date (1873) under the title 
of Observations relatives a la physiqm du globe faites an 
Bresil et en Ethiopie, The younger spent some time in 
Algeria before, in 1837, the two brothers started for 
Abyssinia, lauding at Massawa in February 1838. They 
visited various |)arts of Abyssinia, sometimes together, and 
sometimes separately; not only the fairly well-known 
northern and central districts, but also the then little- 
known districts of Knnarea and Kafia. They met with 
many difllcultios and many adventures, and became in- 
volved in political intrigues, Antoine especially exercising 
such infiueuee as he possessed in favour of France 
and the Homan Catholic missionaries. After collecting 
much valuable information concerning the geography, 
geology, archiBology, and natural history of Abyssinia, 
the brothers returned to France in 1848 and began to 
j)ro|)are their materials for publication. The younger 
brother, Arnaud, i)aid another visit to Abyssinia in 1853. 
The more distinguished brother, Antoine, U'caiuo involved 
ill various controversies relating both to his geographical 
results and his politiail intrigues. He was es])ecially 
attacked by Dr Beke, who impugned his veracity, 
especially with reference to the Journey to Kafia. But 
time and the investigations of subsequent explorers liuvo 
shown that Abbadie was quite trustworthy. The topo- 
graphical results of his exjjloratious were published in 
IWis in 1860-73 in Gkidesie (V Ethiopie, full of the most 
valuable information and illustrated by ten maps. Of 
the Geographie de rEthw2de (Paris, 1890) only one 
volume has l»een piiblislied. In Un catalogue raisonn^ 
de nuinuscrits Efhiopiens (JWis, 1859) is a description of 
234 Ethiopian manuscripts collected by Antoine. He 
also compiled various vocabularies, including a Dictimir 
naire de la langue anuirinna (Paris, 1881), and prepared 
an edition of the Pastor of Hertms, with the Latin version, 
in 1860. He published numerous papers dealing with 
the geography of Abyssinia, Ethiopian coins, and ancient in- 
scriptions. Under fhe title of Eeconnaissances MagnAtiqttes^ 
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he published in 1890 an account of the magnetic observa- 
tions made by him in the coprse of sevei^ journeys to 
the Red Sesk and the Levant. The general account of the 
travels of the*two brothers was published by Arnaud in 
1868 under the title of D<Aige ans dans la Haute- £tAiopie, 
Both brothers received the grand medal of the I^ris 
Geographical Society in 1850. Antoine was a Knight of 
the Legion of Honour and a member of the Academy of 
Sciences. He died in 1897, and, subject to the life- 
interest of his wife, bequeathed an estate in the lienees, 
yielding 40,000 francs a year, to the Academy of lienees, 
on condition of its producing within fifty years a catalogue 
of half-a-million stars. His brother Arnaud died in 
1893. (J. s. K.) 

Abbas I lap Khedivb of Egypt. — Abbas Helmi 
Pasha, born in 1874, succeeded his father, Tewfik Pasha, 
as Khediv#of Egypt in 1892. He was barely of age 
according to the Turkish law, which fixes majority at 
eighteen in cases of succession id the throne. He 
came straight from his college at Vienna to Cairo, where 
his accession was celebrated with groat ix>mp, and the 
firman from the Sultan confirming him in all the powers 
and privileges and territorial rights which his father 
enjoyed was read from the stops of the Palace in Abdiii 
Square. He is the great^great-grandson of Mehemet 
Ali, the founder of the present Eg 3 q)tian dynasty. When 
quite a boy he visited England, and did not see it again 
until he ;^)aid a viceregal visit in 1899. Re had an 
English tutor for some time in Cairo, and then went to 
school in Lausanne, and from there he passed on to the 
Theresianum in Vienna, whence he was called to the 
throne by the premature and sudden death of his father. 
Turkish is his mother tongue, but he talks Arabic with 
great fluency and speaks English, French, and German 
very well. For some time he did not co-operate very 
cordially with Great Britain. He was young and eager 
to exercise his now power. His throne and life had 
not been saved for him by the British, as was the case 
with his father. He was surrounded by intriguers who 
were playing a game of their own, and for some time ho 
appeared almost disposed to be as reactionary as his great- 
uncle, Abbas I. But in process of time he learnt to 
understand the importance of British counsels. During 
his visit to England in 1899 he frankly acknowledged 
the great good the British had done in Egypt, and 
declared himself ready to follow their advice and 
to co-operate with the British officials administering 
Egyptian affairs. The establishment of a sound system 
of native justice, the great remission of taxation, the 
reconquest of the Soudan, the inauguration of the 
stupendous irrigation works at Assouan, the increase of 
cheap, sound education, have each received his approval 
and all the assistance he could give. The waters of 
oblivion cover the quarrel, based on unfounded accusa- 
tions, which ho chose to have with Sir H. (afterwards 
Lord) Kitchener when that general was Commauder-in- 
Chief of the Egyptian army ; and no one more than the 
Khedive rejoiced over the ^ttle of Omdurman. Agri- 
culture and all the interests of farming are dearer to 
the heart of the Khedive than statecraft. At Koubah, 
near Cairo, he has a farm of cattle and horses that 
wqpld do credit to any agricultural show in England, and 
at Montaza, near Alexandria, he has a similar establish- 
ment. He rides well, drives well, rises early, neither 
smbkes nor drinks. The Vice-Reine or Khediviah, his 
wife, has given him first a daughter and then a son, and 
the latter is the heir to the throne. 

Abbas •Turn Anp a spa situated in Caucasia, 
government of Tiflis, on a mountain road of Akhaltsykh, 


50 miles from the Borzhom railway station, very pic- 
tipesquely situated at an altitude of 4413 feet. It lias a 
high-level astronomical observatory. 

AbbaiSl^ a j^pular summer and winter resort on 
the Gulf of Fiume, in the Austrian province of Istria, in a 
sheltered situation at the foot of the Monte Maggiore. 
The average temperature is 77® in summer and 50" in 
winter. The old abbey, from which the place derives its 
name, has been converted into a villa. Local population 
(1890), 1192; (1900), 2343. 

Abbsvillep chief town of aiTondifesemont, in the 
department of Somme, France, 28 miles N.W. of Amiens, 
j on railway from Paris to Boulogne and Calais. It is a 
very important industrial centre ; and, in addition to its 
, old-established textile productions, hemp-spinning, sugar 
manufacture, and ship-building are among the industries, 
and there is active commerce in grain and textile fabrics. 
Population (1881), 18,066; (1891), 18,022; ^896), 
19,669. 

AbblateffraMOp a town of Lombardy, prov. 
Milan, Italy, jf7 miles B.W. from Milan on the Bere- 
guardo Canal. It is the seat of one of tlie new commercial 
courts of arbitration of the prov. of Milan. Population, 
7025 (1881); 12,184 (1901). 

Abbotp Ezra (1819-1884), American biblical 
scholar, was born in Jackson, Maine, 28th April 1819. 
He graduated at Bowdoin College in 1840 ; was appointed 
assistant libiurian of Harvard University in 1856 ; and in 
1872 became professor of New Testament criticism and 
interpretation in the divinity school of the same institu- 
I tion. For some time previously his studies had been 
chiefly in Oriental languages and the textual criticism of 
the New Testament, though his work as a bibliographer 
had shown such results as the exhaustive list of writings 
(5300 in all) on the doctrine of the Future Life, api)cndcd 
to W. R, Alger^s work on that subject. His publications, 
though always of the most thorough and most scholarly 
character, were to a large extent dispersed in the pages of 
reviews, dictionaries, concordances, texts edited by others, 
Unitarian controversial treatises, <kc. ; but he took a more 
conspicuous and more fiersonal pait in the j»reparation (with 
the Baptist scholar Horatio B. Hackett) of the enlarged 
American edition of Dr (afterwards Sir) William Smith’s 
Dictwaary of tJte Bible (1867-70), and was an efficient 
member of the American revision committee employed in 
connexion with the Revised Version (1881-85) of the King 
James Bible. His principal single production, represent- 
ing his scholarly method and conservative conclusions, was 
The Author ship of the Fourth Goapel , External Endences 
(1880; second edition, with other essays, 1888), deemed 
by Dr Philip Schaff and other scholars the ablest defence, 
based on external evidence, of the Johannean authorship. 
Abbot, though a layman, received the degree of D.l). 
from Harvard in 1872. He died in Cambridge, Massa- 
chusetts, 21st March 1884. 

Abbottp Edwin Abbott, D.D. (1838 ). 

English theological wiiter, educationalist, and scholar, for- 
merly headmaster of the City of London school, scjii 
of the late Edwin Abbott, headmaster of the j>hilological 
school, Marylebone, was born 20th December 1838. Ho 
was educated at the City of London scliool and at Cam- 
bridge, where he took the highest honours in the classical, 
mathematical, and theological trij)oses (senior classic, 
Chancellor’s medallist, and senior optime, 1861 ; 1st cl. 
Theology, 1862), and became fellow of his College (St 
John’s). In 1862 he was ordained, taking priest’s orders 
in 1863. After holding masterships at King Reward's 
School, Birmingham, and at Clifton College, he succeeded 
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Dr Mortimer as headmaster of the City of London school 
in 1865 at the unusually early age of twenty>six, and more 
than maintained the high character which the school had 
obtained under his predecessor. He retired in 1889, and 
has since devoted himself to literary and theological pur- 
suits, Dr Abbott’s liberal inclinations in theology have 
been prominent lioth in his educational views and in his 
books. He has written several works on grammar, both 
English and Latin, and is the author of a life of Bacon (1885) 
and of an investigation of his relations with Essex (1877). 
Of his theological writings (which include some that have 
been published anonymously) the best known are his 
religious romances — Philochriatui (1878) and OneaimuB 
(1882), The Kcrml ami Hit UuaJc (1886), Pkilovnythm 
(1891), his criticism on Cardiruti Newman as an Anglican 
(1892), and his article on VThe Gos])els” in the ninth 
edition of the Emydopaedia Britannica, 

AbbOttf JftCOb (1803-1879), a ]M)pular American 
wi’iter of books for the young, was born in Hallowell, Maine, 
on the i4th of November 1803. He gmduated at Bowdoin 
C/ollege at tlitj ago of seventeen ; studied at Andover Theo- 
logical Seminary ; became a congregational minister ; was 
for a brief period professor of mathematics and physics in 
Amherst C^ollege ; and afterwards taught in schools at New 
York and Farmington, Maine, though devoting himself 
chiefly to the writing of juvenile stories, brief histories and 
biographies, or religious booksfor the general readier, together 
with a few works in ]jopukr scienc(\ His “ Kollo Books ” — • 
Hnflo at Workf Hollo at Play, Hollo in Europe^ 4fec. are 
the best known of his writings, having as their chief 
chaiucters a refireseutativc boy and his associates. In 
them Abbott did for ont* or two gi*nerations of young 
American rcwlcrs a Her\ice not unlike that pcHormed 
earlier, in England and America, by the authors of Even- 
ingn at JJome, Sand ford avd Aferton, and the Parents 
Asniatant. Of his otlicr writings- -he produced more than 
two hundred volumes in all - the Ijest are ilia Franconia 
AStoriea, a long senes of liiographical histories (with his 
brother .lolin S. O Abbott), and 77te Vcmng Christian, 
Their merits are inierestingness and clearness of state- 
ment ; their faults a prevalent didacticism, and, in tho 
histories, a superficial treatiueiit of authorities, ])orhaps 
necessitated by the grtiat range of ground covered by 
the author. Ho died at Farmington on the 31st of 
Octolior 1879. 

Abbott, John Stevens Cabot (1805-1877), 
American writer, was born in Brunswick, Maine, 18th 
September 1805. lie was a brother of Jacob Abbott, 
and was associated with him in the preparation of his 
series of brief historical biographies, but is best known 
as the author of a ]jartisan and unscholarly, but widely 
popular and very readable, History of Napoleon Bonaparte 
(1855), in which the various elements and episodes in 
Napoleon’s career are treated with some skill in arrange- 
ment, but with unfailing adulation. Like his brother, 
Dr Abbott was a gmduate of Bow^doiu College, a con- 
gregational minister, a twic,her, and a voluminous WTiter 
of books on Christian ethics, <Src., though he newer attempted 
tho fictitious story for children. He died at Fair Haven, 
Conn., on the 17th of June 1877. 

Abbott Ab 04 if a town of British India, 4166 feet 
above sea -level, 63 miles from Eawal Pindi, the head- 
quarters of the Hazara district in the Punjab, called after 
its founder, Sir James Abbott, who settled this wild 
district after the annexation of the Pui\jab. It is an 
important military cantonment, with two native in- 
fantry rogiments and a mountain batteiy; and the 
headquarters of the Pui\jab frontier force. Nearest 
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railway station, Hasan Abdul (44 miles). Popula* 
tion, about 10,000. Municipal income (1896 -97V 
Bs. 13,588. 

Abd*-Ol«Kfl|Clor (1807-1883), EmibW Mascara, 
the most prominent representative of Mussulman resist- 
ance to French conquest in Algeria, was born at Mascara,, 
an Arab town between 40 and 50 miles south-east of 
Oran, in 1807. His family was of princely rank, and 
he received the best education attainable, especially in 
. Mahommedan divinity and philosophy. Two incidents 
j of his youth had great influence upon his career, — hia 
I pilgrimage to Mecca, w^hich stimulated his natural tendency 
I to religious enthusiasm, and a visit to Eg 3 q)t, where the 
reforms of Mehemet All opened his eyes to the importance 
of Eurojiean culture. He was thus doubly prepared for 
tho part he was called upon to perform on the French 
conquest of Algiers in 1830. Becoming emir pf Mascara 
by the renunciaticin of his father, he carried on war with 
the French until 1834, when peace was concluded; but 
Abd-el-Kader*s endeavours to reorganize his princiiwility 
on a European model excited the jealousy of the French, 
and war again broke out in the following year. Mascara, 
was taken in October 1835, but the contest on the whole 
was unfavourable to the? French, and |xjace was eventually 
made in 1837, on terms highly honourable to Abd-el- 
Kader. He nevertheless imprudently recommenced the 
struggle in 1839, and although his capital was again 
taken in 1841, protracted it until 1844, when he was com- 
pelled to seek refuge in Morocco. The French under 
Marshal Bugcaud crossoif the frontier, and in Juno entii*ely 
defeated the Moorish army at Isly, thus virtually ending 
the Arab revolt. The sultan, though compelled to make 
|X5ace, continued to give Abd-el-Katler an asylum as long 
as possible ; but early in 1847 the latttsr re-entered 
Algeria, and was made ]>risoner. In violation, as alleged, 
of the terms of smTenilor, he was detained a cai)tive in 
France until 1852, wlien he was released by Louis 
Napoleon. He resided succi*8sively at Broussa and at 
Damascus, where in 18(50 he rendered such service in 
I repressing an outbreak against tlu' Christians that he 
received the insignia of the Legion of Honour. In his 
latter years he devoted hiiiiselt anew to theology and 
philosopliy, and composed a philosophical treatise which 
has been translated into French. He died at Damascus 
26th May 1883. Abd-el-Kader was an example of all the 
bright, and few or none of tho less prepossessing, traits of 
the Arab national character. (u. o.) 

Abdul-AziXi Multan of Tukkby (1830-1876), 
the second son of tho great Turkish reformer Sultan 
Mahmoud, was born 9th February 1830. During the 
reign of his brother Abdul-Mec^jid he lived in complete 
retirement, but upon his accession to the throne (25th 
June 1861) he manifested a informing spirit and a 
disposition to economize in jiersonal expenses, and to 
bring the administration into harmony with the ideas of 
Euro|)eau culture. Unfortunately, his extravagant outlay 
, on the army greatly overbalanced thcj economics effected 
elsewhere, and years of ruinous loan-raising culminated in 
national bankrui)tcy in 1875. Before this event, the 
sultan’s mind had Ixieii almost entirely given to a project 
for securing the succession to his son Izoddin, to the 
prejudice of his nephew Murad, and in pursuit of tjiis 
object he had thrown himself into the arms of Kusfia. 
Financial disaster combined with Russian preponderance 
rendered his government intolerable; a movement insti- 
gated by the principal pashas compelled his abdication 
on 30th May 1876, and on 4th June ho was stated to 
have committed suicide. Abdul-Aziz was a violent and 
obstinate man, of great and not always Bl-directcd energy. 
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hnt of narrow intellect, and was probably not entirely 
sane during the last years of his life. 

Abdul Sultan of Mobocco, is the son of 

Sultan Mulafeassan. He was born about 1881, and suc- 
ceeded to the throne on the death of his father, 7th June 
1894, being proclaimed sultan in the Sherifiaii Camj> on 
the 11th of the same month. In the following October ho 
received the British mission, under Sir ISrnest Satow, with 
the utmost cordiality at Fez, and a convention was signed in 
April 1895. The sultan has proved constant iu his friend- 
ship to Great Britain, and welcomed Sir Arthur Nicholson, 
the British minister, in 1896. In the following year he 
made a vigorous cami)aign against the Rifiians and others 
of his disaifected subjects, and overthrew them completely 
at Tadla, in October 1897. 

Abdul -Hamid II.9 Sultan of Tuukky, is 
the second SOn of Sultan Abdul-Modjid, who reigned 
from 1839 to 1861. Ho was born 22nd September 1842, 
and succeeded on 3l8t August 187(H on the deposition of 
his brother Murad on the ground of insanity. His ^josi- 
tion at the time was very difficult, and he feigned sym- 
pathy at first witli the i>olicy of reform advocated by 
progressive officials such as Midhat Ihsha. The revolt 
of the Christian subjects of the P5rte in European Turkey, 
and the barbarous methods adopted to quench Bulgarian 
disaffection, equally played* into the hands of Kussia ; anti 
though, during the Ilusso-Turkish war (1877-78), the mili- 
tary virtues of the Turkish soldier and the gallant defence 
of Plevna restored a large measure of sympathy to Turkey, 
the treaties of San Stefano and of Berlin marked a further 
stage in the dismemberment of the Ottoman empire. As 
soon as the war was over, Alnlul Ilamid began to apply 
himself, with equal dexterity and persistency, to twTi great 
objects, viz., the substitution of his own ijersonal authority 
for that of the great bureaucracy which had ruled Turkey 
under his immediate predecessors from the Sublime IVjrte, 
and the extension of his influence as spiritual soverc»ign 
or Kalif in compensation for the loss of temporal power 
inflicted upon the sultanate. To establish his autocracy 
he did not shrink from sacrificing all the ablest men in 
his empire. Ilis external policy was scarcely less success- 
ful and less unscrupulous. His dexterous dqilomacy 
played off one great Power against another, and enabled 
him even to escape the storm which threatened at one 
moment to overwhelm him, when public opinion in Eurojie, 
and especially in England, realized the horror of the 
Armenian massacres in 1896. Kussia secretly, and Ger- 
many oiienly, discountenanced Lord Salisbury's efforts to 
secure the united action of Europe, and the Cretan insur- 
rection soon diverted the attention of diplomacy to another 
quarter. The successful war with Greece in 1897 did much 
to revive Turkish military prestige ; and the practical loss 
of Crete, although evincing the decay into which the 
Turkish navy had been allowed to fall, rather increased than 
diminished the strength of the empire. Perhaps the most 
important feature in Abdul-IIamid’s later policy has been 
the disposition shown to rely upon Germany, and to grant 
that Power s{)ecial privileges in Asia Minor. 

For a fuller account of his reign, see Turkey, Armenia, Crete, 
Bulgaria, Ac. 

Abdullah Khalifa (Sated Abdullah Ibu- 
S^YKD Mohammed), (1846-1899), successor of the Mahdi 
Mohammed Ahmed, was born in 1846 in the south-western 
piurtion of Darfur, and belonged to the Taaisha section of the 
Baggams or cattle-owning Arabs. His father, Mohammed 
•et Tabis, had determined to emigrate to Mecca with his 
family j but the unsettled state of the country long pre- 
‘Vented him, and he died in Africa after advising his eldest 
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son, Abdullah, to take refuge with some religious sheikh on 
the Nile, and to proceed to Mecca on a favourable oppor- 
tunity. Abdullah, who had already had much oounozion 
with slave-hunters, and had fought against the Egyptian 
conquest of Darfur, departed for the Nile valley with 
this purpose ; but, hearing on the way of the disputes of 
Mohammed Ahmed, who had not ytjt claimed a sacred 
character, with the E^ptian officials, ho wont to him in 
spite of great difficulties, and, according to his own state- 
ment, at once recognized in him the Mahdi (“Director") 
divinely apiK>inted to regenerate Islam in the latter days. 
His advice to Mohammed to stir up revolt in Dari'nr 
and Kordofan Ixnng justified by the result, he became 
his most trusted counsellor, and was soon declared khalifa 
or vicegerent of the Mahdi, all of whose acts were to 
be regarded as the Mahdi s own. The Mahdi on his 
deathlicd (1885) solemnly named him his successor ; and 
for many years AlKliillah, though to European ideas a 
monster of cruelty, injustice, and hyiiocnsy, ruled sue- 
ceasfuJly over the Sudan, with little opposition from 
within, and extending his sway over neighbouring dis- 
tricts. Khartum was deserted by his orders, and Ouidnr- 
man, at first intended as a temporary camp, was made 
his capital. At length the progress of Sir 11. (after- 
wards Lord) Kitchener’s expedition compf41od him to give 
battle to the Anglo -Egyptian forces near Onidunnan, 
where on 2nd September 1898 his army, fighting with 
desiderate courage, was almost annihilated. Flo fled to 
the north, but want of provisions in the following yvnr 
compelled him to venture too near the army of Sh* 
Francis Wingate, by whom, at the end of November 
1899, he was overtaken and slain at the battle of 
Cm Debrihat. Ho mot death with great fortitude, r(»- 
f using to fly, and his princifial emirs voluntarily perished 
with him. (jl g.) 

Abdurrahman Khan, Amir of Kabul 
(Afghanistan), (circa 1844-1901), was the son of Afzul 
Khan, who was the eldest son of Dost Mahoinmed Khan, 
the famous Amir, by whose success in war the Biirak- 
zaio family established their dynasty in the rulershi]» 
of Afghanistan. Ikjfore his death at Herat, 9th Juno 
1863, Dost Mahommod had nominated as his successor 
Sher All, his third son, passing over the two elder 
brothers, Afzul Khan and Azim Khan ; and at first 
the new Amir was quietly recognized. But after a few 
months Afzul Khan raised an insurrection in the northern 
province, between the Hindu Kilsh mountains and the 
Oxus, where he had bt'cn governing when his father 
died ; and then began a tierce contest for power among 
the sons of Dost Mahommed, which lasted for nearly 
five years. In this war, which resembh^s in character, 
and in its striking vicissitudes, the English War of 
the Hoses at the end of the ISth century, Abdurrahman 
soon became distinguished for ability and daring energy. 
Although his father, Afzul Khan, who had none of these 
qualities, came to terms with the Amir Sher Ali, the son’s 
behaviour in the northern province soon excited the. Amir’s 
suspicion, and Abdurrahman, when ho was summoned to 
Kabul, fled across the Oxus into Bokhara. Slier AH 
threw Afzul Khan into prison, and a serious revolt fol- 
lowed in South Afghanistan ; but the Amir had scarcely 
suppressed it by wdnuing a desperate battle, when Abdur- 
rahman’s reappearance in the north was a signal for a 
mutiny of the troops stationed in those parts, and a 
gathering of armed bands to his standard. After some 
delay and desultory fighting, he and his uncle, Azim 
Khan, occupied Kabul (March 1866). The Amir Sher 
Ali marched up against them from Kandahar ; but in the 
battle that ensued at Shekhabad on 10th May ho was 
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deserted by a large body of his troop^ and after his 
signal defeat Abdurrahman released his father, Afzul 
K^n, from prison in Ghazni, and installed him upon the 
throne as Amir of Afghanistan. Notwithstanding the new 
Amir’s incapacity, and some jealousy between the real 
leaders, Abdurrahman and his uncle, they again routed 
Shor Ali’s forces, and occupied Kandahar in 1867 ; and 
when at the end of that year Afzul Khan died, Azim 
Khan succeeded to the rulership, with Abdurrahman as 
his governor in the northern province. But towards the 
end of 1868 Sher Ali’s return, and a general rising in his 
favour, resulting in th(;ir defeat at Tinah Klian on January 
3, 1869, forced them both to seek refuge in Persia, whence 
Abdurrahman proceeded afterwards to place himself under 
llussian protection at Bamarkliand. Aziin died in Persia 
in October 1869. 

This brief account of the conspicuous part taken by 
Abdurrahman in an eventful war, at the beginning of 
which he was not more than twenty years old, has been 
given to show the rough school that brought out his qualb 
ties of resource and fortitude, and the political cajMicity 
needed for rulorship in AfghaiiisUin. He lived in exile 
for eleven years, until on the death, in 1879, of Sher 
Ali, who had retired from Kabul when th<‘. British armies 
entered Afghanistan, the Uussian Governor -General at 
Tashkend sent for Abdurrahman, and pressed him to try 
his fortunes once more across the Oxus. In March 1880 
a report rtiached India that he was in norUicrn Afghan- 
istan ; and the (iovornor-Oencml, Lord Lytton, opened 
communications with him t( the effect that the British 
Government weire ])repar<Hl to withdraw their troo]»s, and to 
recognize Abdurrahman Amir of Afghan istiiii, with the 
exception of Kandahar and some districts adjacent. After 
some negotiations, an interview took place between him 
and Mr (afterwards Sir)Le]>ol Griflin, the (li]>loinatic repre- 
sentative at Kabul <)[ the Indian Governinont, who described 
Abdurrahman as a man of middle lieiglit, with an exceeil- 
ingly intelligent face, and frank and courteous manners, 
shrewd and able in conversation on the business in hand. 
At tho durlmr oti 22nd July 1880, Abdurrahman was 
officially rocoguiziMl as Amir, granted assistance in arms 
and money, and promised, in case of unprovoked foreign 
aggression, such further aid as might bo necessary to rejiel 
it, provided that he followed British advice in regard to 
his external relations. The evaeuatioii of Afghanistan 
was settled on the terms jiroposed, and in 1881 the 
British troojis also made over Kandahar to the new Amir ; 
but Ayub Khan, one of Hlier Ali’s sous, marched upon 
that city from Herat, defeated Abdurn\hman’s troops, and 
occupied the ])laco in July. This serious reverse roused 
the Amir, who had not at first displayed much activity. 
He led a force from Kabul, mot Ayub’s army close to 
Kandahar, and the complete victory which ho there 
won forced Ayub Klian to fly into Persia. From that 
time Abdurrahman was fairly seated on the throne 
at Kabul, and in the course of the next few years 
he consolidated his dominion over all Afghanistan, su})- 
pressiug insurrections by a sharp and relentless use of 
ins despotic authority. Against the severity of his 
measures the powerful Ghilzaie tribe revolted, and 'were 
crushed by the end of 1887. In that year Ayub Khan 
made a fruitless inroad from Persia; and in 1888 the 
Amir’s cousin, Ishak Khan, rebelled against him in the 
north ; but these two enterprises came to nothing. 

In 1885, at the moment when (see Afghanistan) the 
Amir wa.a in conference "with the British Viceroy, Lord 
Dufferin, in India, the news came of a collision between 
Russian and Afghan troops at Paiydeh, over a disputed 
l>oint ill the demarcation of the north-western frontier of 
Afghanistan. Abdurrahman’s attitude at this critical 


juncture is a good example of his political sagacity. To 
one who had been a man of war from his youth up» who 
had won and lost many fights, the rout of a detachment 
and the forcible seizure of^me debateable frontier lands 
was an untoward incident ; but it was no Efhfficient reason 
for calling u|x>n the British, although they had guaran- 
teed his territory’s integrity, to vindicate his rights by 
hostilities which would certainly bring upon him a 
Russian invasion from the north, and would compel his 
British allies to throw an army into Afghanistan from 
the south-east. His interest lay in keeping powerful 
neighbours, whether friends or foes, outside his kingdom. 
He knew this to be the only policy that would bo sup- 
ported by the Afghan nation ; and although for soqje 
time a rupture with Russia seemed imminent, while the 
Indian Government made ready for that contingency, the 
Amir’s reserved and circumspect tone in the consultations 
with him helj>ed to turn the balance between peace and 
war, and substantially conduced towards a paciiic solution. 
Abdurrahman loft pn those who met him in India the 
impression of a clear-headed man of action, with great 
solLroliance and hardihood, not without indications of 
the implacable severity that has too often marked his 
administration. His investment with the insignia of the 
highest grade of the Order of the Star of India apjieared 
to give him much pleasure. 

From the end of 1888 the Amir passed eighteen months 
in his northern provinces bordering ui)on the Oxus, where 
ho was engaged in jiacifyiiig the country that liad been 
disturljcd by revolts, and in punishing with a hca^’y hand 
all who wore known or •suK])ected to have taken any i»ait 
ill rebellion. Shortly afterwards (1892) he suecoeclecl in 
finally boating down the resistance of the Ilaziira tribe, who 
vainly atte)mptcd to defend their immemorial inde]>endeuce, 
within their highlands, of the central autliority at Kabul. 

In 1893 Sir Henry Durand was deputed to Kabul by 
the Government of India for the purjiose of settling an 
exchange of territory rcquiroil by the dcmarcaticm of the 
boundary Instween rioith- oastein Afghanistan and the 
Russian possessions, and in order to discuss with the 
Amir other pending questions. The xNmir showed his 
usual ability in dq^lomatic argument, his tenacity where 
his own views or claims wore in debate, witli a sure under- 
lying insight into tlio real situation. The territorial 
exchanges were amicably agreed ui>on ; llio relations 
between the Indian and Afghan Governments, as provi 
ously arranged, were confirmed ; and an undiTstaiiding 
was readied upon the imyiortant and difficult subject of 
the border lino of Afghanistan on the cast, towaids India. 
In 1 895 the Amir found himself unable, by reason of ill- 
health, to accept an invitation from cjiuecn Victoria to 
visit England ; but his second son Nasrulla Khan went in 
his stead. 

Abdurrahman died on the Ist October 1901, being 
succeeded by his son Habibulla. He had defeated all 
enterprises by rivals against his throne ; he had broken 
down the power of local chiefs, and tamed the refractory 
tribes ; so that his orders were irresistible throughout the 
whole dominion. His government was a military desjiotism 
resting upon a well-ai)pointed army ; it was administered 
through officials absolutely subservient to an inflexible 
will, and controlled by a widespread system of esyiionage ; 
while the exercise of his yicrsonal authority was too often 
stained by acts of unnecessary cruelty. He held open 
courts for the receiyit of petitioners and the dispensa- 
tion of justice; and in the disposal of business he yas 
indefatigable. He succeeded in imposing an organized 
government upon the fiercest and most unruly popula- 
tion in Asia; he availed himself of European inven- 
tions for strengthening his armament, while he sternly set 
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liiB face agaitkst all innoTations which, like railways and 
telegraphs, might give Europeans a foothold within his 
country. His adventurous life, his forcible character, the 
position of hit^State as a barrier between the Indian and 
the Bussian empires, and the skill with which he held the 
balance in dealing with them, combined to make him a 
prominent figure in contemporary Asiatic |K)litics, and will 
mark his reign as an epoch in the history of Afghanistan. 

The Amir received an annual subsidy from the British 
Government of 16^ lakhs of rupees. He was allowed to 
import munitions of war. In 189G he adopted the title 
of Zia-ul-Millat*ud>Din (Light of the nation and religion) ; 
and his zeal for the cause of Islam induced him to publish 
treatises on Jehad. His eldest son Habibiilla Khan, with 
his brother Nasrulla Khan, was born at Sumarkhand. 
His youngest son, Mahomnied Umar Jan, was lK)rn in 1889 
of an Afghan mother, connected by descent with the 
Barakzaie ^mily. 

8eo also S. Wheelkr, F.R.G.S. T/ie Amir Ahdur Jiahman, 
Ijondon, 1896 . — TVmj Lifa of Abdur Rahma^, Amir of Afgikmvisian^ 
G.C B.yO,C. S.I.y edited by Mir Mttnshi, Sultan M ahommkd Khan. 
2 vola., London, 1900. Also the article Afghanistan, (a. 0. L.) 

Abelp Sir Frederick Auiruetusp Bart. 

(1827- ), English chemist, was born in London, 

17th July 1827. Determining to* adopt chemistry as his 
profession, lie was one of the first students to enter tho 
Royal College of Chemistry, which was established in 
1845 under tho direction of the distinguished German 
chemist, von Hofmann. After remaining there for six 
years, during fivo of which be acl^d as one of nofmann\s 
assistants, he became IVofessor of Chemistry at the Royal 
Military Academy in 1851, and three years later was 
appointed Chemist to tho War Department and Chemical 
lieferee to tho Government. During his tenure of this 
office, which lasted until 1888, h(i carried out a large 
amount of work in connexion with the chemistry of 
explosives, one of the most important of his investigations 
having to do with tho manufacture of gun-cotton. Con- 
tinuing and supplementing the work of Lenk in Austria, 
he devised a process which enabled it to be prepared with 
practically no danger, and which at tho same time yielded 
the product in a form that increased its usefulness. This 
consisted essentially in reducing the cotton, after nitration, 
to fine i)ulp. A double advantage was thereby gained ; 
the material could be more certainly washed free from 
every trace of the acid which, if not removed, renders it 
liable to spontaneous combustion, while control over the 
rate of explosion, which is largely a question of mechanictil 
condition, could be gained by hydraulic compression of the 
pulp into masses of whatever size and sba^ie might be 
found desirable. These improvements in the manufacture 
of gun-cotton contributed in an important degree to tho 
preparation of the smokeless powders, which in tho latter 
part of tho 19th century came into general use for mili- 
tary purposes all over the world. Cordite, the particular 
form adopted by the British Government, was the joint 
invention of Abel and Professor Dewar, who, with Dr 
Dupr6, constituted the special Committee on Explosives 
which sat from 1888 to 1891 to select a smokeless jxjwder 
for the British army and navy. For his services os 
chairman of this committee Abel was made a K.C.B. 
Our knowledge of tho explosion of ordinary black powder 
wiw also greatly added to by him, and in conjunction with 
A. Noble he carried out one of the most complete 
inquiries on record into its behaviour when fired. The 
inflsntion of tho apparatus, legalized in 1879, for the 
determination of the flash-point of petroleum, was another 
pieTO of work which fell to him by virtue of his official 
position. His first instrument, the open-test apparatus, 
was prescribed by the Act of 1868, but, being found to 
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possess certain defects, it was superseded in 1879 by the 
Abel close-test instrument. The earlier Act imposed 
restrictions on the storage of petroleum having a flash- 
point below 100'' F,, as ascertained by the oi)en-test 
instrument, and by the second one it was in tended to 
maintain the same standard. It therefore became iK’^cessary 
to ascertain the relation between tho two tests, and for this 
purpose Abel superintended a long series of experiments, 
which showed that, on the average, oil which flashed at 
100” open-test flashed at only 73'' close test. The latter 
figure was therefore legalized as tho ecjuivalent of the 
former under the new conditions. AbeVs rewarches were 
not confined to chemistry. In electricity he studied the 
construction of electrical fuzes and other apiilications of 
that form of energy to warlike purposes, and in 1877 
he served as president of the Institution of Electrical 
Engineers (then tho Society of Telegraph Engineers). 
Problems of steel manufacture also engaged his attention, 
and in 1891-93 he was president of the Iron and Steel 
Institute, whose Bessemer medal he was awarded in 1897. 
Of the Royal Society ho became a member in 1860, 
receiving a Iloyal medal in 1887. He took an impoitant 
part in the work of the Inventions Exhibition in 18S.5, 
and in 1887 became organizing secretary and first director 
of the Imperial Institute. Among the books he has 
published are Handbook of CheimsU'y (with Hloxain), 
Modem Hietory of Gunpowder (1866), Gun-cotltm. (18CG), 
On Explosive Ayents (1872), Researches in Explosives 
(1875), and Electidcity applied to Explosive Purposes 
(1884). He also wrote several important articles in the 
ninth edition of the Ennyelopcedia Rtntarmica. 

Abeokuta. See Lagos. 

Abaravonp a municipal and contributory parlia- 
mentary borough and railway stetion of Olamorgausliirc, 
Wales, ne^r the mouth of the Avon, 11 miles E.S.K. of 
Swansea. It belongs to the Swansea ]>arliamontery dis- 
trict of boroughs. The port of Aberavon is Port Talbot, 
where there is a dock over a mile long, and from 240 to 
900 feet wide. Ar(*a of municii>al bunaigh, 2060 acr(‘s. 
Population in 1881, 4859; in 1891, 6300; in 1901, 
7553. 

AbsrCCtrnp a large village in the southern parlia- 
mentary division of Monmouthshire, England, 10 miles 
N.W. from Newport by rail. There are collieries and 
ironworks in tho district. The urban district includes 
l>art of the civil parish of Mynyddyslwyr ; area, 9504 acres ; 
population in 1881, 5964; in 1891, 10,464; in 1900, 
12,607. 

Aboreonway. See Conway. 

AbordarOp a market-town and railway station of 
Glamorganshire, Wales, 4 miles S.W. of Merthyr Tydfil, 
of which parliamentary borough it forms part. The toAvn 
has continued to advance rapidly both in numbers and in 
general prosperity. The new erections include Established 
and Presbyterian churches, an infectious diseases hospital, 
a cottage hospital, a theatre, a memorial hall, a theological 
college, and a technical and intermediate school ; there is 
also a commodious industrial training school, and the town 
now possesses two extensive public ]iarks. Besides tho 
prosperous mineral industries, there are brick and pottery 
works, and several breweries. Population of township 
in 1881, 35,533; in 1891, 40,917; of urkui district in 
1391, 38,431 ; in 1901, 43,357. 

AbordS^np a royal burgh, city, and county of a 
city (1899), and tho county town of Alierdeeiishire, Scot- 
land, situated on a bay between the mouths of the 
rivers Deo and Don, 111 miles N. of Edinburgh by 
road and 130J by rail (Forth Bridge route). Tho city 
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has grown and prospered in an exceptional degree during 
the past half-century, owing to the development of 
the trawHng industry, its educational facilities, and the 
attractions it offers to residents. In 1883, 900 acres were 
added to the munici[jal area, which was further extended 
in 1891 from 2681 to 6602 acres, incorporating in the 
city the burghs of Old Aberdeen and Wclxlside, and the 
district of Torry on the other side of the Dee. A large 
number of handsome streets have Vjeen laid out, and 200 
to 400 buildings have Ixien erected annually at a total 
cstintated cost of £150,000 to £350,000. An esplanade 
is being laid out along the seiv-beach, and a boulevard 
constructed round the city. Union Terrace Gardens are 
now public, and Duthio Park (44 acres), lying on the 
north bank of the Dee, has Ijoen opened ; it is adorned 
with a granite statue of Hygida in honour of the donoi . The 
latest axldition U) the j^arks is Stewart Park (131 acres). 
By the introduction of a freer treatment of granite the 
architecture of the city geiieriilly has been much improved 
ill recent years. Marischal College has been rendered a 
still more striking feature of Alxirdeen. Under an exten- 
sion scheme to whicli the Treasury contributed £40,000, 
the Town Council £23,350, and one donor between 
£20,000 and £30,000, a splendid graduation liall has 
been built, considerable additions have been made to the 
clas8-]'<iom accommodation, and the (niitioo has been crowned 
by a lofty and imfiosing tower, while the front, long con- 
ceal(»d by mean houses, lias boon largely ojioned up. 
King’s Ckdlege also has lieeii extended, and the chapel 
reconstructed internally and rh'corated. A botanic garden 
was presented to the university in 1899, an<l the opening 
of the Mitchell Jlall coincided with the celebration of the 
<iuaterce II tenary of the university in 1895. Two viaducts 
<jarrying streets have been constructed, and Victoria Bridge 
over the Dee opened. The East church, biirncfl down in 
1874, has been nibuilt, and a massive granite tower erected 
over the aisle connecting it 'svith the West churcli. This 
tower has been furnished witli a Jubilee jieal of 36 bells. 
The New Market, destroyed by lire in 1882, was rebuilt 
in 1883. Porhajis the most iinjiortant of the new public 
buildings is the Museum and Art (hillei*y and School of 
Art (Italian llenaissaiice in rctl and brown granites) 
ojioned in 1883 and 1884. Other recently erected jmblie 
buildings are new liiiibour ofHe(‘s, new lisli market, new 
School Board offices, free library, theatre, Union Club, 
bathing station, Salvation Army (htadcl (on a prominent 
site), and new I’arihli Council Chainlxirs. The Iloyal 
Infirmary has been largely rebuilt since 1887 as a 
memorial of Queen V’^ictoria’s Jubdi*e, and Trinity Hall has 
been extended. St Mary’s C3iapel has bocm restored, 
and a dozen or more new churches have been built 
within the last few years. A large extension of the 
railway station was authorized in 1899. New statues are 
Queen Victoria in bronze (1893), General Gordon (1888), 
Sir William Wallace (colossal bronze) (1888), and Burns in 
bronze (1892). 

Aboi’deon has boon represented in Parliament since 1885 by two 
members, who sit for the north and south divisions. The Town 
Council has now 34 memWrs, including six magistrates. The two 
parishes of St Nicholas and Old Machar were amalgamated by the 
Local Government Act of 1894, and tbe poor law is administered 
by a parish council of 81 members. The Town Council began in 
1899 to work tbe tramways ; one of the routes has been equipped 
for overhead electric traction. Electric light has been introduced 
by the Coriioratlon. Extensive improvements of the harbour 
accommodation liave been made, including the construction of a 
graving dock, which has proved a failure and is being rebuilt ; a 
oridge across the dooka is being coiistruoted. The harbour revenue 
rose from £32,229 in 1871 to £88,849 in 1899. At the end of 
1898, 201 vessels of 06,682 tons were registered at the port, and 
the movements of shipping were — 1888, entered 2706 vessels of 
726,886 tons, cleared 2649 vessels of 703,162 tons ; 1898, entered 
3417 vessels of 086,409 tons, cleared 8849 vessels of 934,175 tons. 


Imports were valued at £662,102 in 1888 and £927|624 in 1898 ; 
export! £185,882 in 1888 and £145,118 in 1808# Tbe onstoms 
revenue at the port averaged £82. 384 a-year in 1 804-08. The granite 
industry continues to progress, but the most striking development 
has been in tbe fishing industry. Beam-trawliii^ was intnmuced 
in 1882, and steam line fishing in 1889. Now there are 88 
trawlers registered at the port, and 52 more make Aberdeen their 
headquarters. These are manned by 1140 men, and the capital 
invested in boats and gear is estimated at over £700,000. During 
1899 there were in all 7700 arrivals. Fifty foreign smacks and 
luggers made landings during the year. In 1899, 886,037 tons of 
fish were landed which were valued at £537,422, and of that 
quantity 687,814 tons of £434,885 were trawl fish. A fresh 
impetus has been given recently to linen manufacture. Ship- 
building, which at one time threatened to decay, has been revive 
by the trawling industry ; 11 vessels of 9380 tons were launched 
in 1889 and 28 vessels of 11,973 in 1899. The university has now 
24 professors and 12 lecturers, mostly of recent institution, and its 
Hcholarshijis and bursaries are of £7603 annual value, a bequest of 
£20,000 for this purpose having been made in 1897. Matriculated 
students numbered 753 in session 1898-9. Gordon’s Hospital was 
transformed in 1881 into Gordon’s College, a d|y and ^ night 
secondary school, in wliich yiccial attention is paid to scientific 
and secondary education. The grammar school for boys and a 
high school tor girls are under the School Board, and there are 
several private iiigher- class schools. An Educational Trust 
constituted under tbe Endowments Act of 1882 possesses a 
capital of £165,000. Valuation in 1889-90, £5.'>0,802 ; 1899-1900, 
£753,802. Population in 1881, 105,008; 1891, 121,623; 1901, 
153,108. ^ 

AuTHoriiTiRs.— J. Goudon. Deaeriptim of Both Towna of 
Aberdeen* Spalding Club, 1842.— W. Kennedy. Annals of 
Aberdeen* London, 1818. — Jos. ‘Robertson. 7'hr Book of Bon- 
Accord* Aberdeen, 1889 — W. lioBBiR. Aberdeen • Jts Traditions 
and Ilisiory, Aberdeen, 1893. — C. G. Buna ond A. M. MuNRO. 
Old Landmarks of Aberdeen. Aberdeen, 1886. — A. M. Munko. 
Memoruils of the Aldermen^ Provosts^ and Lord Provosts of Aberdeen* 
Aberdeen, 1897. — P. J. Anderson, Charters, cfcc., illustrating the 
History vjf the Iloyal Burgh of Aberdeen. Aberdeen, 1890. — Idem. 
Selections from the Records of Manschal College* New Spalding 
Club, 1889, 1898-9. — J. Cooper, Chartulary of the Church of 
St Nicholas. New Spalding Club, 1888, 1892. — G. Cadenhead. 
Sketch of the Territorial History of the Burgh of Aberdeen* Aber- 
deen, 1876. — W. Cadenhead. Guide to the City of Aberdeen, 
Aberdeen, 1897. — A. Smith. Jfistory and Antiquities of Neivand 
Old Aberdeen. Abordoen, 1882, (w. Wa) 

AbOrdSOnShirOi a marltimo county of N.E. 
Scotland, bounded N. and PI by the Gennan Ocean, S. 
by the counties of Kincardine and Perth, and W. by 
I^nff and Inverness shires. 

Area and Population. — In 1891 the BanlTbhire portions of the 
parislies of Gartly, Glass, Now Machar, Old Deer, and St Fergus 
were transferred to Aborcleonshire, and the Abordcenshiro portion 
of the x>arish of Cabrach to BaiifTbhire. Of jiarishos partly in 
Aberdeen and partly in Kincardine, Driimoak was ])laocd w^holly 
in the foniior and Baiichory-Turnan in the latter county. Accord- 
ing to tlie latest official estimate the area of the county (fore- 
shore excluded), is 1,268,705 acres, or about 1982 square miles. 
The population was in 1881, 267,990 ; in 1891, 281,332 ; in 1891 
on the extended area, 284,036, of whom 135,185 were males, and 
148,851 lomaicb. On the old area, taking land only (1,251,451 
acres, or 1955*4 squaie miles), the number of i>ersons to the 
square mile in 1891 was 144, and the number of acres to the 
lersou 4*4. In the registration county the population mcroased 
)etw*een 1881 and 1891 by 4*83 iMsrcent. In 1901 the population 
was 304,420, an iucTeasc of 20,384. The following table gives 
particulars of the births, deatlis, and nianiages in 1880, 1890, 
and 1899: 


\e.ir 

Marriages. 

Hirthb. 

Deatlis. 

I’firrenUigp of 
Illpgitiniate 

1880 

1700 

9099 

1472 

11*4 

1890 

1743 

8436 

5205 

12*98 

1899 

2283 

9135 

4884 

11*2 1 
-J 


The birth-rate, death-rate, and marriage-rate were all below the 
rates for Scotland. The following table gives the blrth-mte, 
death-rate, and mamage-rato per thousand of the population for 
a scries of years ; — 


1 JSSO. 

18SI-00, 

18»0. 

ISUl-OS. 

1800. 

Birth-rat*o . 

34*05 

32-15 

30*02 

81*08 

31*04 

Death-rate . 

16 -73 

1 16-77 

18*52 

16*72 

16*59 

Marriage-rato 

6*36 

6-23 

6*20 

7*25 

7*75 
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Acoording to the ceniue of 1891 there were in the conntjr 1538 
GeeUc-epealing pereone, of whom 8 spoke Gaelic only, Ana there 
were 204 foreigners. Valuation in 1889*90, £656,178 ; 1899-1900, 
£920,246. 

Admini8trati <^ — The county returns two members to Parlia- 
ment — for the East and West divisions respectively. Besides the 
county town, Aberdeen (121,623), which returns two members, 
there are in the county two royal and parliamentary burghs, 
Inverurie (3105) and Kintore (686), and one parliamentary burgh, 
Peterhead (12,195), all of which belong to the Elgin group of 
burghs for parliamentary representation. Important police 
burghs are Huntly (3760), Fraserburgh (7466), and Turriff (2341). 
There are 82 civil paxishes, 24 of which belong to the Buchan 
Combination, with a poorhouse at Maud, while the city parish has 
poorhouses in Aberdeen. The number of paupers and dependants 
in September 1899 was 6698. The county forms a sheriffdom with 
Banti and Kincardine, and there are two resident sheriffs-substitute 
in Al^rdeen, who sit also at Peterhead, Fraserburgh, Huntly, and 
Turriff. 

EdvAoJtiim, — Kinety-two school boards manage 258 schools, 
which had an average attendance of 43,388 in 1898-99, while 38 
voluntary schyls, of which 14 are KpiseoiMil and 6 Koman Catholic, 
had 5507. iSere are 3 higher-class schools in Aberdeen, and 
secondary schools at Huntly, Peterhead, i^d Fraserburgh, and 
69 other schools in the county earned grants in 1898 for giving 
secondary education. The County Secondary Education Com- 
mittee dispensed £4253 in 1899, of which £2247 came from tho 
Education Defiartment and £2006 was contributed by local 
authorities fVom the ** residue** grant, and supported, besidos 
the schools mentioned, local classes an^d itinerant lectures in 
agriculture, fishery, and other techiucfl suhjocis, besides sub- 
smizing the agricultural department of the university of 
AbeTdoeu. 

Agr%culiuTe, — In no county in Scotland has a more productive 
soil been made out of unpromising material during the 19th cen- 
tury. Oats are the xiredominaut crop, hut the barley acreage has 
been nearly doubled since 1872, while wheat has practically gone 
out of cultivation. Tlie most distinctive industry is cattle- 
feeding. A large number of the home-bred crosses are fattened 
for tho London and local markets, and Irish animals are im- 
ported on a large scale for the same purpose. An exceedingly 
large business in tho sale of live stock and dead meat is done all 
over the county, and the average weekly export of dead moat 
from Aberdeen for the London and soutliern markets has been 
estimated at 150 to 200 tons, while tho shipment of cuttle for the 
same destinations averages 50 to 70 head weekly. The following 
table gives the princitiai acreages at intervals of live years trom 
1880 : 


Year. 

Area under 
Crops 

Corn 

Crops. 

Green 

Crops. 

Clover. 

Pernia- 

iiont 

Pasture. 

Fallow. 

1880 

603,226 

212,767 

104,203 

259,645 

25,861 

748 

1885 

611,424 

215,9.50 

102,469 

263,004 

29,872 

626 

1890 

614,365 

213,887 

101,243 

268,058 

30,290 

543 

1895 

6.30,070 

21.5,730 

101,709 

276,389 

85,711 

196 

1899 

680,121 

214,920 

100,109 

283,968 

30,563 

184 


Tho following table gives partioulars of tiio live stock during 
the same years : — 


Tear. 

Total 

Horses. 

Total 

Cattle. 

Cows or 
Heifers in 
Milk or Calf. 

Sheep. 

Piga. 

1880 

1885 

1890 

1895 

1899 

26,851 

25,903 

26,637 

31,114 

30,330 

1.52,106 

166,003 

163,240 

173,961 

17.5,407 

41,318 
45,235 
43,261 
43,497 I 
45,540 

137,693 

158,587 

195,689 

183,951 

232,863 

7,240 

10,761 

12,061 

10,379 

12,346 


Aberdeenshire has by fsr the largest cultivated area of any 
county in Scotland, and the largest number of holdings, but the 
percentage of cultivation is only 49*6. Of tho 11,567 holdings 
in 1895, the average size was 54 acres. Tlie percentage under 
5 acres was 14*37 ; between 5 and 50 acres 49 '23, and over 
50 acres 86*40. Farms between 50 and 100 acres numbered 
2164, between 100 and 300, 1912 ; betw^eeii 300 and 500, 124, 
and between 500 and 1000, 10 ; there were none above 1000 
acreeff According to the census of 1891 there were 26,386 men 
and 1218 women engaged in agriculture. The acreage under wood 
in 1895 was 108,976, of which 7986 had boon planted since 1881. 

Industries and Trade , — There are now a number of paper- 
making establishments in tho shire, most of them on the lion 
in the vicinity of Aberdeen. Abei^een is the premier granite 
county in the kingdom. There are ouarrioa at Aberdeen, Keni- 
nay, Peterhead, and elsewhere, and the output was 242,168 tons 
valued at £182,878 in 1895, and 835,075 tons valued at £176,461 
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In 1899. Quarrying and dressing the stone gave employment m 
1891 to 6294 persons. Fishing, however, it, tho next iiiobl import- 
ant industry to agriculture. The nineteen ports and ci*eekb of the 
county are divided into tho three lishory distiicts of Peterhead. 
Fraserburgh, and Aberdeen, tho last of which inthides also three 
Kincardineshire ports. The following tabhs gives sUiistits of 
tho throe districts jointly in 1890, 189S, ami 1899 : 



1 Boats. 1 

Value of 

Unsnlent 
KisiinniitMi 
and Boys 

Total Value 


No. 

Tons. 

Value. 

Gear. 

ol all Fish. 

1890 

1898 

1899 

1503 

1530 

1436 

18,994 

22,306 

22,959 

£193,817 

£407,659 

£731,534 

£1.53,695 

£167,668 

£164,213 

1822 
3929 1 

5417 

£556,657 

£^8^,129 

£968,805 


The number of persons in the three dihtiu'ts einplo^yed lu tho 
various branches of the sea fisheries w as 21 ,232 in 1699. Between 
a iialf and a thinl of tho catch consists of herrings. The herring 
season for Aberdeen, Peterhead, and Fraberhiirgh is from June to 
September, at which time tho ports arc crowded w'lth boats from 
otuer Scottish districts. The dovolojmicnl of the lihhones of late 
years has been due to the trawlers almost exclusively. (See 
AiiBRPKfiN.) There are valuable salmon lislungs — rod, md., and 
stake-net — on the Dee, Don, Vtliaii, and Ugie. I'he aveiage 
annual despatch of salmon trom Aberdeenshire during the years 
1894 to 1898 was about 400 tons. A branch (15.J lu.l ot tin' Uieat 
North of Scotland Railway was opened in 1897, and a light rail- 
way (13 m.) has been sau(dionc<l. 

Apthoeities. — A. Smith. JVew History of Abfrdeensh%n\ 
Aberdeen, 1875. — W. Wati. Htstory of Aberdeen tnui Banff. 
Edinburgh, 1900.- -Sin A. Ljcitii-Hay. Castles of Aberdeenshire. 
Aberdeen, 1887. — J. Davidson. Inverurie and the Earldom of the 
Garioch, Edinburgh, 1878. — W. Tkmi'LE. IVie Thanaije of 
Fortnartyn. Ahordeen, 1894. — Pratt. Buchan {tov. by K. Aiulcr- 
son). Aberdeen, 1900. — A. I. M*Connocuie. Dceside. Aber- 
deen, 189.5. The Itoyal Dee. Aberdeen, 1898. Queen 11 dona's 
Highland Home. Aberdeen, 1897. — W. Feroitson. The Great 
North of Scotland BxLxlway. Edinburgh, 1881. — A. Jervisk. 
Epitaphs aivd Inseriptioiis, Edinburgh, 1875, 1879 — Trausat 
lions of Buchan Fteld Club, Peterhead, 1887. — A Guide to Don- 
side. Ahordeen, 1866. (W. Wa) 

Abergravennyp a municipal borough (1K99), 
market-town, and niilway station, in the northern 
meniary division of Monraouthshire, England, at the con- 
fluence of the Gavonny and the Usk, !(> milfs W, of 
Monmouth. The lunatic asylum has lieeii enlarged and 
a cottage hospital built. Population of ur]>an distiiet 
(liorough) iu 1891, 774.3, on an area of 825 acres, in 
1901, 7795; of parish iu 1881, 7886; in 1891, 90.36. 

Aborystwithf a munici[ial borough, market town, 
and seaport of Cardiganshire, Wales, at the coiifluenee of 
tho Ystwith and Kheidol, 244 miles from Loudon by rail. 
It ceased to be a parliamentary borough in 188.5. Modem 
erections are two Established churches, Wesleyan and 
Welsh Calvinist chapels, a jner ]»avilion, a ladies* hostel 
in connexion with the University College of Wales, baths, 
and a new infirmary. Tho University College of Wales 
was opened in 1872, and in 1900 had .31 professors 
and 474 students. In tho town and neighbourhood are 
engineering works, foundries, and slate -(piarries. The 
coqioration is lord of the manor, and owns nearly four- 
fifths of the town. Population in 1881, 7088; in 1891, 
672.5 ; iu 1901, 801.3. Area, 845 acres. 

Abeshr. See Wadai. 

Ablla, (1) the capital of the tetrarchy of Abilene, was 
an important town on the imperial highway from Damascus 
to Heliopolis and is now represented by Siik 

W^di Baradd, a village called by early Arab geographers 
Abil es-Siik. The tetrarchy was granted by Caligula, 
37 \.D., to Agrippa I., and by Claudius, 52 a.d., to 
Agrippa II. (2) A city in I*erca, now Abil ez /eit. 

Ablnifcloni a municitMil borough and market-town 
in the Abingdon jiarliaincntary diMsiuii (since 1885) of 
Berkshire, England, 61 miles W.N.W. of lAmdon by rail 
Tho old churches of St. Helen and of St. Nicholas have 
been restored, a com exchange, a cottage hospital, and a 
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free public library erected, and municipal drainage works 
and water works executed. The town has important com 
markets and horse fairs. Area of borough, 7.30 acres. 
Population in 1881, 6755; in 1891, 6557; in 1901, 6480. 

Abo, city and seaport of Finland, Eussia, capital of 
the AboJijomcborg province ; 381 miles by rail from St 
Petersburg, vtd Tavastehus ; in regular steamer communi- 
^ cation with St Petersburg, Wasa, and Stockholm. Shi;>- 
building lias considerably developed lately, warships 
being built for the liussian navy. This city is only 
seermd in Finland to Helsingfors for its trjide. Its 
harbour (Bortihohn, on Hyrvinsala Islaml) is entered yearly 
by from 700 to 800 ships, of aliout 200,000 tons. Popu- 
lation, 18,109 in 1867 ; 31,339 in 1897. 

Abo-Bjdrnabornfp a province occupying the 
S.W. corner of Finland, and including the Aland islands. 
Its f>o]>ulation readied 413,3.'51 in 1897, <»f whom 12 ]»cr 
cent, lived in tnx^ms. It occupies the first rank in Finland 
for its manufactures of cottons, sugar refinery, wooden 
goods, metals, iiiadiinery, paper, <fec. Its chief towns are 
— Abo, Marienhaven (759), Nodeiidal (654), Nystad 
(4023), and Jlaurno (4111). 

Abomey. See Dahomky. 

About, Edmond Francois Valentin 

(1828-1885), French novelist, publicist, and journalist, was 
tlie son of a grocer, and was born on the 1 4th of February 
1828, at iJieuzi*, in Lorraine. The boy’s sohool career was 
brilliant. In 1848 be enttired the I<A*ole Kormale, taking 
the second ])]ac(' in the annual cuinj^titioii for admission, 
Taine being hist. Among his college contemporaries were 
'faille, Paul Alliert, Weiss, Assolant, »Sarcey, Challemel- 
Lacemr, the ill-staired J’revost- Paraded. Of them all 
About was, according to Sarcey (Sonmi/rs fh the 

most highly vitalized, exulicrant, brilliant, and ‘‘undis- 
ciplined.” At the end of his college career he joined the 
French school in Athens, but if we iiuiy believe his own 
account, it had iievei lieen liis intention to follow the pro- 
fessorial career, tor which the Ecole Noniiale was a pre- 
fuvration, and in 1853 ho returned to France and frankly 
gave hinisidf to literature and juiirnaUsin. A book on 
Oreece, La confi'mjHirahw (1855), which did not 

spare Oreek suseejitibiliiies, luid an immediato success. 
ToUa, wliich rmnains one of his b(?st novels, api)car€»d 
shortly afU*r, and during tlie next few years, witli inde- 
fatigable energy, and generally with full public rocoguitkm, 
he wrote novels, stories, a }»lay — wliieh failed a book- 
pamphlet on the Homan question, iiuiiiy pamphlets on 
other subjects of the day, n<»wspapor articles iiiiiunierable, 
some art criticisms, rejoinders lo the attacks of his enemies, 
and popular manuals of political economy, X’A B C du 
Travail leitr, Le ]^ro<frh. About’s attitude towards the 
empire was that rif a candid friend, lie believed in its 
improvability, greeted the liiberal ministry of Kniile 
Olivier at the beginning of 1870 witli delight, and wel- 
comed the Fraiico-dcriiian war. That day of enthusiasm 
had a terrible morrow. For his own personal part he lost 
the loYi'd home muir Saverne in Alsatia, which he had 
jiurchased in 1858, out of the fruits of his earlier literary 
successes. With the fall of the empire he became a 
Ihqiublican, and, always an iiiveteraUi anti -clerical, he 
threw himself with anlour into the battle against the 
conservative reaction which made head during the first 
years of the llopiiblic. From 1872 onwards for some five 
or six years his paper, the XIX^ Siir/e, of which ho was the 
heart and soul, became a power in the land. But the Re- 
public 4 i.ns never quite forgave the tardiness of his conver- 
sion, and no place rewarded his later zeal. On the 23rd 
January 1884 he was elected a member of the French 
Acuideiny, but died on the 26th January 1885, before 
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taking his seat. Dust has accumulated on the ^ mass oJ 
About’s work. His journalism — of which specimens in 
his earlier and later manners will be found in the two senee 
of Lettres cTun San jev/ne hanwie A sd Ci^Snne Madeleim 
(1861 and 1863) and Le Dix-^vihm SiMe (1892)— was 
of its nature ephemeral. 8o were the pamphlets, great and 
small. His political economy was that of an orthodox 
popularizer, and in no sense epoch-making. His dramas are 
negligible. His more serious novels, Madelont IJInfdnw^ 
the three that form the series of the Vieille Moche^ and 
Le Roman d^un brave Ju/mim — a kind of counterblast to 
the view of the French workman presented in M. Zola’s 
Assommovr — contain striking and amusing scenes no doubt, 
but scenes which are often suggestive of the stage, while 
description, dissertation, explanation too frequently take 
the place of life. Uis Ixist work after all is to be found 
in the books that are almost wholly farcical, Le nez dun 
notairey Le Roi dee Montagnes, V Homme a Voreille 
cassee^ Trente et quarante^ Vae de M. Gvhin. Here 
his most genuine ^vit, his sprightliness, his vivacity, the 
fancy that was in him, have free play. “You will never 
be more than a little Voltaire,” said one of his masters 
w'hen he was a lad at school. It was a true prophecy. 

(r. T. M.)^ 

AbrudbAnya^ a corporate town of S.E. Hungary, 
situated on the slope of the Erezhegys^g (Ore Mountains), 
45 miles S.W. by S. of Klausenburg (Hung. Kolozsvar). 
In Roman times it was the site of a town where resided 
the ^?rr>ciira<or aurarlum of Dacia, and gold ore is still 
mined in the villages on the neighbouring mountains. The 
annual jiroduce of these mines is about 34,400 oz. troy of 
fine gold. Considerable secondary products are silver, iron, 
copper, lead, and lignite. The ore raised from the mines 
belonging to the mine-captaincy of Falatiia (to which 
AbrudbAuya belongs) in 1899 represented a total value of 
£972,292. Population (1891), 2992; (1901) 3370; of 
recent years it has become joined to the village of Abrud- 
falva with (1901) 4978 inhabitants. It cou tains good 
state schools and many handsome buildings. 

AbruZZi O Mol ISOp a territorial division of Italy, 
a mountainous region embracing the middle Apennines 
and reaching down to the Adriatic on the E. It comprises 
the provinces of Aquila, Chieti, Teramo, and C^ampobasso, 
with an area of 6567 sq. miles, and includes a po[)ulatir>n 
of (1881) 1,317,215, (1901) 1,442,365. The first three 
provinces correspond to the former Neapolitan districts 
of Abruzzo, and Camjwbasso to the former Neapolitan pro- 
vince of Molise. The mountains are in great part covered 
with forests, and the wealth of the peojile consists prin- 
cipally in cattle, sheep, and pigs. Some wheat, wine, 
olives, and figs are grown in the valleys. Beyond the 
rearing of silkworms and silk-spinning, the industries are 
unim|)ortant. The towns are mostly of small size, the 
chief of them being Chieti, Teramo, Aquila, Canipubasso, 
and Solmona. 

Abt| Frftnz (1819-1885), German composer, was 
born 22nd Decemlxir 1819 at Eilonburg, Saxony, and died 
at Wiesliaden, 31st March 1885. The best of his ])opular 
songs have become jmrt of the recognized folk-music of 
Germany ; his vocal works, solos, part-songs, &c., enjoyed 
an extraordinary vogue all over EurojK) in the middle of 
the 19th century, but in spite of their facile tunefulness 
have few qualities of lasting lieauty. He was Kapellmdster 
at Bt‘rnburg, 1841, at Zurich in the same year, and at 
Brunswick, 1852-82, when ho retired to Wiesbaden. • 

AbUp a mountain of India, in the Sirohi state of 
Rajputana,* lieing an isolated spur of the Ara.vn.11i 
range. It is situated in 24“ 35' N. lat. and 72“ 45' E. 
long., IG miles from the Abu road station of the Raj 
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putana railway. The height above the sea of the various out with driving-roads and bridle-patha, and there is a 
peaks ranges from about 4000 to 5635 feet. It is the beautiful little lake. Tho chief buildings are a church, 
summer residence of the governor-general's agent for Raj- club, hospital, and a Lawrence asylum scliool for tho 
putana^ and a place of resort for Europeans in the hot children of British soldiers. 

weather. The annual mean temperature is about 70", Ahmod. Swi Svpan, ANULo-KciYrnAN. 

rising to 90" in April ; but tho heat is never oijpressive. 

The rainfaU is about 68 inches. The hills are laid AbUShonr. Sec Busuiri , 


ABYSSINIA. 

embassies to the courts of its successive rulers. As fully 
1. Geography and Statistics. explained in the historical section (hcc below), a inaiii 

D uring the last thirty years of the 1 9th century our result of tho political relations, some friendly, sonic hostile, 
knowledge of the physical features, climate, natural with Egypt, Italy, and Great Britain, has been the con- 
history, resources, and social condition of Abyssinia has solidation of the Abyssinian empire under one poti^ntate, 
been greatly advanced by scientific exploration, by hunting Meiielek, king of Shoa, by the coinph*te reduction oi the 
and milhary^exiieditions, and by the reports of numerous ancient kingdoms of Tigrt^ Lasta, \inhara, and Gojani, 



Sketch Map of Abyssinia. 


followed by the absorption of all the surrounding Ethiopian along the seaboard. In tho empire are thus now included, 
lands. The area of tho unified political system has thus besides the above-mentioned vassal kingdoms, the territories 
been*enlarged, especially in the direction of the south and of Eunarea, Guragheh, Walamo, Jimma, Ghera, (iiima, 
south-east, while its absolute autonomy has been recognized Leka, Walega, Kaifa, and all the other petty states which 
by various international treaties with Great Britain and are exclusively occupied by the Hamitic (Jalla people, and 
Italy. Menelek's dominions now comprise the whole of constitute what is commonly called Gallaland or fcJouth 
the Galla and ICaffa highlands, extending from Abyssinia Ethiopia. The frontiers, mostly conventional lines regard- 
proper southwards nearly to the Samburu (Lake Rudolf) less of mountain ranges, river basins, or other natural 
depression, together with Harrar and Central Somaliland features, have not yet l:>een determined towards the N.W., 
coterminous with the French, British, and Italian possessions W., and S. ; but they roughly coincide on the west towards 
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the Anglo-Egyptian Sudan, with the meridian of 35* E. be- 
tween the river llahad, and 4** N. lat., and on the south with 
this parallel eastwards to 40® H Here the line is deflected 
irregularly south-eastwards to Logh, on the river Juba, 
and then runs north by east at about 180 miles from the 
coast along the Italian frontier as far as British Somali- 
land. Beyond this district the boundary is coterminous 
eastwards with French Somaliland as defined in 1897, 
and the Italian colony of Eritrea as far north as 15' N. 
lat., and westwanls to the Atbara, whence the line runs 
south and west to the jioint where the river Bahad is 
intersected by the meridian of 35® E. Within these limits 
the reconstituted Abyssinian emjiire has a total area of 
about 320,000 8([iuire miles, with a population approxi- 
mately estimated at 9,000,000 distributed as under : — 


Hamran, Beni'Amcr, Bilin, Marca, 'j 
Mensa, Base ( Kuuama), and Barca I 
districts between tho Plateau 

Area in Sq. 
Miles. 

► 80,000 

Population. 

150,000 

and Upper Nubia 

Abyssinia proper (Noi Di Ethiopia) : ' 
tho old kingdoms ot Tigrc, Lasta, 

[ 80,000 

2,600,000 

Amhara and Gojam 

Sliua (Meiiclek’s patrimony) . 

1 

20,000 

1,000,000 

Havraraiid neigh bum iiig districts 

10,000 

250,000 

Ojf^dden and ot her jmrts of Somali- j 

100,000 

1,000,000 

South Ethiopia (Gallalaiid) . 

80,000 

4,000,000 

Total (1901) , 

320,000 

9,000,000 


Despite its enlarged domain, Abyssinia still remains an 
inland state, nowlu're reaching the coast, where all its 
natural outlets -Massiiwa and Assab on the lied Sea, 
Jibuti, Zeila, Hiilhar, and Berbera on the Gulf of Aden - - 
are held by loreign Powers, Even on the west side it is cut 
off from (lirect access in the White Nile, where both banks 
of the river are iiKJluded in the Anglo-Egyptiau Sudan. 
No doubt the upjxu* courHCs of the eastern aflluonts of the 
main strojun, Solwit, Almi (Blue Nile), Takazze (Atkira, 
or Black Nile), flow through Abyssinian territory. But 
here they have the character of iuteniiittent wadies, nearly 
dry for a great part of the year, and during the rains 
raging torrents rushing wildly through deep rocky gorges 
down to the lowlands, hence at no time navigable, and of 
little use oven for irrigation purposes. Hence their ex- 
clusion from marine and fluvial navigable waters has been 
all the more acutely felt by the native rulers, wliosc foreign 
policy continues to bii largely directed towards acquiring 
Uirritory both on the seaboard and along the right bank 
of the White Nile. 

Tho ELlm>])ian lugliUiiids, of whirh Abyssinia jiropcr forms the 
norlliein, iitul GallalaiKl th» southern btscl um, occupy most of tiio 
PA . - space botwocii tho lonlaiuls of the White Nile basin 

those of tlic Eritrean rilfc valley, separating 
** ** them from tho Hod Hoa and th(< liidiaii Ocean. Tlicir 

long axis is diS{K>sud in tho direction ot the meridian, and tho 
whole region bii).ideiis out from near tho Ued Sea at Massawa 
soiithwanls to the Lake Rudolf depression. The noi thorn section, 
lying mainly hetwoen N. lat., may bo described as a huge 

moss of Ai*cha:iau gneiss aod schists, forming a rugged plateau at 
a meat! hciglit of from 7000 to 7500 feet above the sea, ]>rofoundly 
woathoroil by sub-aerial agencies, and Hooded in a <lecp central 
de})re$siou by tho waters of Lake Tsana. Above the plateau, 
which presents its stcepi'st csfjarpmcnts towards tho rift valley, 
and falls in terrace', northwards and westwards down to tho plains 
of Uppor Nubia and Seunar, rise several irregular and generally 
ill-doiined mountain ranges, consisting jiartly of Jurassio lime- 
stonos and partly of old igneous rocks, great shoots of lava and 
vast piles of volcanic detritus, which in the western provinces of 
Gojam and Simon attain altitudes of from 12,000 to 16,000 or 
even 10,000 feet. But there appear to be nowhere any active 
rones, and the very craters have for tho most part been obliterate<l. 
Tho jdatoau formation itself is broken and largely obscured by 
vast yawning chasms and fissures, through which the surface 
waters escape to the surrounding lowlands. Amid tho chaos of 
Alpine heights and rugged plains which, seen from the higher 
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BommitiL present tlie aspect of a storm-tossed sea suddenly 
solidified, the best -defined mountain system is the coast ranm, 
wiiich is formed by the plbecipitous eastern escarpments of the 
plateau, and maintains for a dutance of about 600 miles a mean 
elevation of from 7000 to 8000 feet. It thus rises little above the 
inland plateau, and travellers penetrating from the coast to the 
interior find that on surmounting this rocky barrier they have 
already reached the normal level of the whole region. But the 
irregular Simen and Gojam groups, the true highlands of North 
Ethiopia, still rise 6000 or 7000 feet higher, several of their peaks 
penetrating to the snow-line. Mount Digan in the Simen range 
IS certainly over 16,000 feet, and was long supposed to bo the 
loftiest summit in Africa north of Keuia But it now appears to 
be overtopped by others, such as Abba-yarod (15,600 feet), and 
Buahit (16,000 met) in the same group. At Ankober (9”N.) the 
coast range begins to trend round to tho south-west, thus 
assuming the aspect of an inland chain, and gradually increasing 
in height until it culminates in Mount Metatiteh (11,000 foot), 
and the Entoto range crossed by the Hular Koh Pass (over 

12.000 feet) in tho kingdom of Shoa. Here the Abyssinian system 
merges in tho South Ethiopian highlands, which are continued 
at considerable altitudes southwanm to the Eaff# territory, and 
then fall rapidly down to tho l^ake Rudolf depression. Like the 
northern section, tliAsc less -known Galla uplands appear to form 
a much broken hilly plateau, presenting its steepest escarpments 
on the east side towards Somaliland, and falling more j^ently in 
a series of broad terraces down to the lowlands of the Nile basin. 
Although the routes of tho explorers in the Galla and Samburu 
lands have lutw been connected by tho itineraries of Bottogo, 
Donaldson Smith, Wellfiy and a few other travellers, no accurate 
surveys have yet been made, and the heights assigned to the 
loftier peaks in South Ethiopia (Hamdo, 11,500 feet; 'Wariro, 

13.000 feet ; Wosho, 16,000 feet) are little more than conjectural. 
This region, however, is known to bo of a far less rugged 
character than tho Abyssinian tableland, and there are few or 
no traces of the so-called “ambas," that is, isolated blocks or 
sections caused by erosiofi and underground agencies, which are 
such a characteristic feature of the Shoa and Gojam uplands. 
Some of the intervening rifts and fissures, which somewhat 
resemble the Mexican barrancas, are of vast extent and depth, 
but often very narrow. The most remarkable occur along the 
edge of the central plateau, “ where tho total fissure exceeds 
0500 foot, measured from the summit of the degas (uplands) down 
to sca-lovcl. Nowhere else can a more convincing proof be 
observed of the erosive action of running waters. The two walls 
of cei tain gorges, rising nearly vertieally wdthin a few feet of each 
other to a height of some hundreds of feet, represent an erosion 
of hard lock amounting to at least 10,600 niilliou cubic feet*' 
(liecluSf X. p, 120). 

Most of tho Abyssinian uplands have a decided north-westerly 
till, so that nearly all tho largo rivers find thnir way in this direc- 
tion inland to tho Nile Valley. Such are the Takaxzil _ 

in the north, tho Abai in the oontro, and the Sobat 
in the south, and through these throe arteries is * 
discharged about four-fifths of the entire drainage. The rest is 
carried off by the Khor Baraka, which occasionally reaches the 
Red Sea below Suakim ; tho Hawash, whicli runs out in the saline 
lacuHlrinb district near tho head of Tajura Bay ; the Wehi- 
Shcbeyll and Juba, which How through Somaliland to tho Indian 
Ocean ; and the Omo, now known to be tho main feeder of tho 
closed basin of Lake Rudolf. Tho Takazze. which is the true 
upl>cr course of the Atbara (the Astahoras of the ancients, and the 
Bahr-eUAswad or “Black Nile" of tho Arabs), has its source in 
tho Simen uidands, and falls from about 7000 to 2500 feet above 
sea-lovcl in the tremendous crevasse through which it sweeps round 
east, north, and west down to the western terraces, whore it 
passes from Abyssinian to Nubian territory. During the rains tho 
Takazzi^ f.c., the “Terrible,’* rises some 18 feet above its normal 
level, and at this time forms an impassable barrier between the 
northern and central provinces. In the Hamran district, where it 
becomes Die Hahr-Setit, tho Takazz4 is joined on its left bank by 
the ITpjwr Atbara, which is formed by the junction of tho Angreb, 
Salaam, Aradeb, Koang, and several other bead-streams descending 
from the Amhara uplands Below the confluence the unitea 
stream retains the name of Atbara, and farther down receives on 
its right l>ank the intermittent waters of the Mareb or Gash, which 
rises near Adiia in Tigr4 and is dry for a great part of the year, 
bnt, like tho Takazze, i.s subject to sudden freshets during Die 
rains. From its source to the Nile confluence at £d-Damer, where 
it is now crossed by a railway bridge, the main stream has a total 
length of about 800 miles, and the drainage area exceeds 10,000 
Sf^uare miles within Abyssinian territory. But the discharge is 
slight exceptain the wet season, when it nearly equals that of the 
Blue Nile. In its lower reaches it rises at times to a height of 30 
I or 40 feet, with a breadth of over 600 yards. The Abai — that is, the 
upper course of the Blue Nile — has its farthest source near Mount 
Denguiza, in the Gojam highlands, about 11” N. and 65” E., and first 
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flows ibr 70 miloa nearly due north to the south side of Lake Tsana their marnns, Ausa romaiuB fresh throughout the year, o^ ing to 
(Dembea). This great island-studded basin, which stands some the great body of water discharged by the Hawash into this closed 
3000 feet below the normal level of the plateau, has somewhat the basin. Formerly the whole of the Afar and neighbouring Adal 
aspect of a flooded crater, being of nearly circular form, with a (Somali) and Dawari (Galla) territories toruied part of the lied 
diameter of about ^ miles, an area of over 1200 square miles, and Sea, which flooded the now dry nft- valley right up to the 
a depth in some parts of 260 feet Tsana has been identified with foot of the coast range. Another lacustiiue region, not however 
the Coloe PcUm of the ancients, which, although placed some of marine, but iieriiapa of igneous ongiu, extends from the 
12*’ too far south by Ptolemy, was desoribed as a chief reser- Shoa heights southwards to the 8araburu depussion. In this 
voir of the Egyptian Nile and the source of the Aatopust which chain of lovely upland lakes, some fresh, some btaekish, some 
was certainly the Blue Nile. At the south-east corner the rim of completely closed, others connected by shoit ehannels, the cliief 
the crater is, as it were, breached by a deep crevasse through which links in their order from north to south Zwai, commiiiiicating 
the Abai escapes, and here develops a great semicircular bend southwards with Hara and Lamina, all in the A lusi Chilla territoiy ; 
like that of the Takazs^, but in the reverse direction — east, south, then Abai with an outlet to a smaller tarn in the romantic Baroda 
and north-west — down to the plains of Sennar. In this section of and Gamo districts, skirted on the west side hy grassy slopes 
its course its swirling waters rush over a long series of cataracts and wooded ranges from 0000 to neaily 9000 feet high , lastly, in 
and rapids, descending from a height of 6000 feet at the outlet to the Asilli country Count Telrki’s Lake Btetanio, the Chuuaha 
about 1400 feet at Fazokl, where it crosses the Abyssinian frontier, of the natives, completely closed and ialling to a level of 8700 fer t 
and flows with a sluggish current through the plains of Sennar to its above the soa. To the same system obviously belongs tho iicigh* 
confluenoe with the White Nile at Khartum, 1800 feet above sea- bouring Lake Rudolf (Gallopa oi Buz/), nhieli is larger than all 
level. At Fazokl, whore it becomes the Blue Nile), the rest put together, and ^rmiiiatcs southwards with an active 

it is joined on its loft bank by the auriferous Tumat, and higher volcano, thus betraying the igneous origin of these basins and 
^ by the Ylbtis, both intermittent affluents from the South bringing them into line witli Gregory’s “Groat Kilt Valley.” 
'^hiopian uplands. In Sennar it receives on its right bank tw^o With the determination of the lower course of the Omo, one nt the 
important tributaries from the Abyssinian Ifeiglits, the Dindcr, a few remaining problems in African geography lias been solved 
very long and apfiarently perennial stream, and the Rahad, Its upper course had long been idciititied W'ltli the Fintin^ winch 
waterless in the dry season, copious and nchly charged with sodi- rises on tlio northern slo]ie of tlio Bure hciglits about IfiO miles 
meat during the rains from June to September. At this ^loiiod south-west of Addis- Abbaba, and, after flowing 38 miles nortli, 
the discharge of the Blue Nile rises from 6000 to 220,000 cubic feet bcuds round oast and south to the Zighero district, wdiere it takes 
[ler second, thus greatly exceeding that of the White Nile itself, the name of Ohio. It was then supposed either to trend east to 
which is only about 176,000 cubic feet dUling the floods above the the Juba or west to the Sobat until Bottego, on Ins lust disastrous 
confluenoe. The economic importance of the Blue Nile as the expedition (1896), found that it discharged into the closed basin 
groat fertiliser of Egypt is elsewhere discussed. (Nile; Egypt.) On of liakc Rudolf. Its low'er renchos have since been visited by 
the east side of the Abyssinian plateau the chief fluvial basin is Ovendish, Donaldson 8mith, Austin, Wellby, Leonticff, BuUto- 
that of the Uawash (Awash, Awasi), which rises on the landward vich, and others ; and the Niamiani, as it is here called, is now 
side of the coast range, and, like the other large Ethiopian rivers, known to bo a noble perennial waterway, which is joined along its 
desoribes a great semicircular bond on its seaward course between middle course by the Gojub, Jibiu, Gumi, Kabish, and many other 
the Shoa uplands and Gallaland. After emerging on the Afar affluents on both its banks, and for some miles above its mouth at 
(Danakll) lowlands through a broad broach in the eastern ebcar|>- the north end of the lake flow's in a deep ohanntd varying w'lth the 
menta of the plateau, it is joined on its loft bank by its chief seasons from 50 to,r>00 foot in width. Throughout its entire 
aiUuont, the Gerraama (Kasam), and then trends round to the length of over 870 miles it has a total fall of about 6000 feet (from 
north-east in the direction of Tajura Bay. Here the Hawash is 7600 at its source to 1600 at lake-lovel), and is consequently a very 
a copious stream nearly 200 feet wide and 4 feet deep, even in rapid stream, being broken by the Kokoby and otlifT falls, ana 
the dry season, and during the floods rising 60 or 60 feet above navigable only for a short distance above its mouth. The Baraka, 
low-water mark, thus inunmiting the plains for many miles along Bhebeyli, Juba, and Sobat, belonging only for short stretches of their 
both its banks. Yet it fails at any time to reach the coast, and upper courses to the Ethiopian region, will be more conveniently 
after a winding course of about 500 miles runs out in the Ijake described in their prmcipaf drainage areas. (Nile ; Somali i.and.) 
Ausa basin, some 60 or 70 miles from the head of 'I'ajura Bay The vortical disposition ol the climatic zones, whicli is more or 
This remarkable phenomenon is explained by the position of less common to all highlnnd regions, and of which Mexico oirers a 
Ausa in the centre of a saline lacustrine depression, whicn stands at typical example, is somewhat moditied on the Ethiopian 
present several hundred feet below sea-level. Recent surveys give uplands by the Irregular distribution of the ram fall, CUmmie; 
174 metros for the Assal lakelet near the bay, and several of the the varying aspect of the land, and other local con- flora; 
other surrounding heuidn (basins) may even he lower, although the ditious. Nevertheless, striking analogies have lieeii fauna, 
Hawash itself still flows at an elevation of 620 metres below' its observed between tlie sujiorimposed Mexican and 
junction with the river Addifulia, where it begins to descend Abyssinian zones, so that it is pobsihle to construct a comparative 
through a chain of badds down to Ausa. Wliilo most of the other table of the more salient features, and even of the respective 
lagoons are highly saline, with thick incrustations of salt round terminologies of each, as iiiidci 


Climatic Zones 

Mi'hii Kango of 
Altitudes. 

Moan liango nf 
Toiiiperatures. 

Cliaructcristiu Flom. 

1. 

Mex. Tierra Calicnte . 

0 to 4,000 ft. 

77*’. 82" E. 

Banana, sugar, eocoa-iiiit, oollce. 

(Hot) 

Abys. Kwalla 

0 to 6,000 ft. 

70°-100° F. 

Banana, cotton, date, coffee. 

2. I 

Mex. Tierra Templada 

4000 to 6,000 ft. 

82“- 70“ F. 1 

1 Maize, wheat, lobncco, beans. 

(Temp.) 

Abys. Yoina-doga 

6000 to 8,000 ft. 

60“- 80“ K. 1 

Wheat, bamboo, terebinth, pulse, citron. 

3. 1 

Mex. Tierra Fria 

6000 to 9,000 ft , 

58”- 64" F. 1 

1 Jiicca, j»inc, ledar. 

(Cold) 1 

[ Abys. Dega 

9000 to 14,000 ft. 

4S". 60“ F. 

1 

Pine, barley, oats, sciiib. 


The ooTrea()ondenco is even closer than appears from this table, by M. Michel of the Bonclmmps Alission {La (Jtotjraphir^ July 
because the Mexican scheme excludes Alpine heights, which are 1900), are ; — 1. The wide treeless tableland between 6:'0(i and 8500 
included in the Abyssinian dega. Allowance has also to be made feet high, covered m places with limostoue strata, deeply scoicd 
for the much lower latitude of the Ethiopian region (4^-16" N.) here and thero by the niiiuiug waters. 2. The ujdauds bt*tw<ru 
compared with that of Mexico (16'’-32® N.), while the moan the sources of the Hawash aud Omo rivers, stretching west to the 
altitude of the two plateaux is about the same (7000 feet), valley of the Didessa, affluent of the Sobat. Here the ranges. 
Besides the above-mentioned plants, many other tropical forms — w’hich fall little below 10,000 feet, and arc senarnted by deej) 
iiidi^, tamarinds, ebony, gummiferous acacias, baobabs — flourish valleys, are clothed with low forest, and lower <iown with scrub 
in the Kwalla bottom -lands. Nearly all the European cereals, which has been partly cleared for cultivation. 8. A low, hilly 
grasses, and shell fruits are indigenous in the Voina-dega, where region from .5000 to 6500 feet high, willi scarcely any iiitorvcning 
are Also met the oranjro, peach, apricot, and other fruit trees, level ground, but superabundantly w'atorcd by streams flowing to 
berides the vine, zegba {rodocarpw), dhurra, tief, kolkwal {Euphorbia the Sobat, and yielding largo quantities of cott’ee and honey. The 
abi8sinica)f juniper, and several species of sycamores, some of hitherto almost unknown region stiotching still faither south 
whi6fa grow to a gigantic size in the sheltered gorges of the inter- towards Lakes Rudolf and Stefanic ])rovos to be much more 
mittent mountain torrents. But in the domi, which includes all elevated, and also more productive, than hail been siippobcd. 
the more elevated plains, amhas, and upland valleys, little thrives Alpine heights — one (Guge) nearly 1 4,000 feet— are spoken of by 
except the hardier cereals, scrubby plants, and rich grasses afford- Bottego, Donaldson Smith, and othci explorers near the lakes, 
ing excellent fodder for cattle, goats, and the long-haired native and the waterjiarting hetw’ecn the Omo and Sobat basins, to 
sheep. The South Ethiopian region between the Hawash and which Bulatovich has given the name of tlio Tsar Nicholas Rauge^ 
White Nile basins has also its three zones, which, as determined is surmounted in its nortlicni section bv several peaks over 10,000 
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feet high. ThU range is lofty enough to interoept the moietare- 
oharged clouds brought by the trade winds from the Indian 
Ocean, and thus raise the mean rainfall from 80 inches in Abyssinia 
proper to 40 or 50 inches on the eastern slopes of the Galla uplanc^ 
Hero have been discovered clear indications of iron and copper, 
while gold is known to occur in large quantities in the Tumat 
valley, where it was for some time profitably mined by Mehemot 
Ah. Gold, iron, and other metals are also mentioned in the 
Hammer Koki hills nortli of I^ake Stefanio, and recent exploration 
fillip confirms the nqiorts of the early Italian explorers — Massaja, 
Antiuori, Ohiarini, Occclii, and otliers regarding the vast 
Bii{>eriority of th«; Galla lands over the Abyssinian plateau in 
natural rcsouroos of all kinds Wollby, who traversed the 
lacustrine region hot ween Shoa and Lake Kudolf in 1898*99, 
describes the “ domoii-hauuted ’* Walaino district and the llaroda 
and Gnrno uplands about Lake Abui as fairy lauds," with fertile 
black and led soils abuudaiilly watered by limpid stieanis, in 
parts well timbered or under noli 2 >asturago, and, where cultivated, 
growing bananas, imlms, tobacco, limes, cotton, ginger, rasp- 
berries, and ffodaris — “a remarkably good vegetable." Along the 
banks of the streams ‘‘grow big shady trees and a multitude of 
ilowers and undergrowth, alive with birds of bri|^ht plumage" 
{fi^ofjraph. Jo ar. September 1900). Whilst extensive woodlands 
are rarely mot witli in Abyssinia, except in the Kwalla districts, 
travellers in the southern uplands speak of the immense forests of 
conifers, wild olives, and other trees, under the matted moss- 
grown branches of which they have journeyed for hours together. 
This home of the coffoe-shrub could still supjdy the world with 
many other vahiabbi species, such os tlio atjffieh, or korarimob^ a 
fruit much estc.cmod foi* its fiavour an<l aroma, and the kosiso^ a 
beautiful plant with largo jiendcrit rod fiowera, highly jirizod for 
its TiKulicinal pro|Hjrtics. Besides the elephant, harteboest, and 
other lai-ge African game, the wild fauna iiielinb^s the girafie, 
rhinoceros, Lon, black |>untbor, leojiard, hyena, buffalo, gazelles, 
wild donkeys (sfrijied like a zebra), eagles, vultures, kites, guinea- 
fowl, ])arlridges, ami saiid-grouso. Of great economic importance 
is the civet-cat (/'’i.wrrrf ctiw*W«), which is domesticated, and 
yields most of the musk that finds its way to the eastern markets. 
A more valuable ju’oduct is coflbe, which is indigenous in the Kaffa 
country, whence it takes its nam<', and is oxteiisively cultivated 
throughout the wood «d districts ofGallaland. It thrives best on 
the clean iigs undet the shade of largo tiees, and is of prime quality ; 
much of th(3 Ko-callcd Araldan “mocha " really comes from ICihiopia, 
and the two sorts are often mixed together foi the liluro|H«in markota. 

Besides gold, ivory, musk, salt, and colfee, the staples of the 
export trade, many otiici commodities, sucli as corn, flour, beer, 
Mmrkmt koranma, honey, wax, cotton, and indigo, arc for- 
- . * warded to the local maikets. Of these the busiest are 
^ *■ Basso m tlie iioith, Bonga in the extreme south, and 
Liekii in the cnntie. Liekii, the largest market in Gallaland, 
stands on tlio Billh plain near Sopso, ainl enjoys direct com- 
iiiuiiication with Gojarn, Hhou, and other jiarts of the empire. 
Bonga, the commeiv.ial centre of Kaffa, is much frequented by 
traders from all the siirroiiiidiug provinces, and oven by foreign 
merchants following the routes from Xeila and Borhera on the 
coast through Ilarrar and the Arusi Galla territory to South 
Ktliiopia. A(>art from these market-places there are fdw permanent 
centres of population m Abyssinia. Kvon these are not towns in 
the strict sense, hut military stations, called katainaj “camps,** 
by the natives, who have no wonl for town. Since the fall of the 
great oity of Axum, the so-called “ I'a^ntals " and royal residences 
— Adiia, Gondar, Magrlala, and otliora — have been little more 
than overgrown vilingos, fioiirisliing for a time, and then perhaps 
suddenly abandoned at the whim of the reigning potentate. 
Monclek himself has successively shifted his headquarters from 
Aiikober, Litolie, Debra- Berliam, and Kntoto, to Addis Abbaha 
(Addi-Abbas), the present seat of govomincnt, both for his king- 
dom of Shoa and lor the empiro. This place, which dates only 
from 1892, stands on the southern slojios of tlin Kntoto niiige (on 
whioh the next prnco<ling capital was situated) on hare, grassy 
undulations, watered hv small streams flowing S S.E to the 
Hawash Tho centre of the camp, on which the prinoi^ial tracks 
from all directions converge, is the “Gebi," or enclosure of King 
JVtonoiek, around which straw-thatched native huts, with wattle 
ainl mud walls, are scattered in groups over a wide area. The Oehi 
— which includes the “ Klfiriage " (Elfig) or two-.storeyed dwelling- 
house, the “adoraah" or hall of receiition, tho “saganot" or clock- 
bower (used as a hall of justice), and the “guoda** or storehouse — 
completely covers a small hill overlooking the whole neighboiir- 
liooti, while around it are the inclosiires of the principal nobles. 
About a mile to the north-east of the palace is the military camp 
of tho king. About thirty miles south of Addis Ahbaba can bo 
seen tho sacred Mount Zakwala, wdiile to the soiitli-east lie the 
fine masses of Mount Yarhn, and to the north-west Mount Mana- 
gasha. On the hills some five miles to tho north, 1500 feet above 
tho camp, are the ruins of an old fortress, and the churches of St. 
Raguel and St. Mariam. The frequent change of capital is duo in 


some measure to the destruction of the forest in the neighbour- 
hood, whioh in time exhausts the supply of fuel and building 
materials. Theoe are now obtained from the vicinity of Mount 
Managasha. The palace of Menelek was placed InaCaptain Germain 
and Lieutenant Dy4, of the Marchand Missiotf, by astronomical 
observations, in 9“ 1' 4" N. lat., 88“ 42' 60" E. long. ; but ^ 
Weld Blundell {Qeogr, Journal^ vol. xv. p. 808, map) places it in 
38° 56' E., which agrees with that assigned in the Italian mim 
by Captain Chaurand (see Gleichen, JVUh the Mission to Menduct 
London, 1898). 

In the following list will lie found alphabetical!;^ arranged all 
the other important Abyssinian towns regarding whioh there need 
be given any information complementary or supplementary to that 
contained in the 9th edition : — 

AddigreUt properly AdiVIgrait one of the chief markets in Tigr6, 
cast by north of Adua, on a fertile plain about 8000 feet above sea- 
level, with a permanent jKipulation of 1500 ; to the west is the 
monastery of Vebra-tionw, one of the most celebrated sanctuaries in 
Abyssinia. Adua (< »r Adowa\ capital of Tigr6, and one of the largest 
markets in Ethiopia, with a |K>puiation of about 3000. It has played 
a largo part in recent political events, and 13 miles S.E. of here was 
fought the decisive battle of 1st March 1896, in whtbh the Italians 
were utterly defeated, and had conRC(|iiontly to renounce their 
claim to a protectomte over Abyssinia. Aliu-Amba, a large 
market in Shoa, the first station beyond Ankobor, on the trade 
route between that place and the Gulf of Aden ; has a permanent 
population of 4000, chiefiy Moslem. Amba-Marmm^ a fortified 
station in the province of Bvghcmedor, midway between Gondar 
and Debra-Tabor near the north -oast side of Lake Tsana, with 
a population of 3000. dloro is the famous shrine and church 
dedicated to St. Marv, whence the name of the 2 >laco, “Fort 
St Mary." “ Mountain of Light," a former cajiital 

of Shoa, a few miles south of Litch^, on the banks of tho Beresa, 
an auriferous liead -stream of the Jemma, a tributary of tlio Blue 
Nile, with a jiopulntion of 2500. DebriuTahory “Mount Tabor," 
the chief royal residence during the reign of King Johannes, occu- 
jiies a strong strategic poskiou overlooking the iertilo plains east 
of Lake Tsana, at a height of about 8620 feet above the sea. It 
has a population of 3000, including the neighbouring station of 
Samara, neadi^iiartcrs of the Protestant missionaries in the time of 
King Theodore. Harrar^ after the withdrawal of the Egyptian 
garrison, was occupied in 1887 by the Ahyssinians with the view 
of establishing an advanced military and trading station towards 
tlio Gulf of Aden. Tlnur claim to the city and surrounding terri- 
tory lius been i(‘CQgnis«*d by international treaties, and here have 
recently been erected large government biiildings in the European 
style. It is by far tho largest town in Abyssinia, with a settled 
|>opuliitioii pstiinateil in 1900 at over 20,000, mostly Mohammed ans. 
Ilarrar is now a great depot for the distribution of Eurojiean wares 
(cottons, silks, cutlery, crockery, beads, &c.) amongst the surround- 
ing Galla and Somali tribes, and througboutthe southern 2 >roviiices 
of the empire. LdcJU {Licfyh), till recently the capital of Shoa, 
and largfist market in South Abyssinia, on a terrace watered by a 
head-stroiim of the Jemma, a few miles north of Dobra-Berham, 
has a 2>opu1atiou of 3000. East of tins placie are the ruins of 
2'rjjulelf whicli, after tlie fall of Axum, was mr a time the imperial 
capital, and gave its name to tho present kingdom of Shoa. Mah- 
dera-Mnriam^ “ Mary’s^ Rest, " for some time a royal residence, 
and still an important market and great place of pilgrimage in the 
kingdom of Amliara, a few miles soutli-west of Dobra-Tabor on a 
hoad-stroam of the Gumera, whicli flows east to Lake Tsana ; its 
two churches of the “Mother** and the “Son" are amongst the 
most venerated sanctuaries in the wliule of Ethiojiia. It has a 
eonsidorahle permanent population estimated at over 4000, Gallas 
and Amharas, tho former mo.stly Mohammedans. Sokota, one of 
the great central markets, and cajntal of the province of Wag in 
Anihara, at the converging point of several main trade routes on 
tho hanks of the Bilbis, which flows through the Tsollari to the 
Takazzd, near the Lasta frontier. Tho market, which is held three 
times a week, is Humorously attended, espeeially by dealers in the 
salt blocks which come from Lake Alamed, and which are the 
ourmnoy throughout a large xiart of Ethiopia. In recent years 
Sokota has siiflered much from epidemu's, the pojjulation falling 
fiom a1>otit 5000 in 1868 to less than 2000 in 1900. 

A railway has been projected to run from the French port of 
Jibuti, Tajura Bay, through Elba in tho Harrar district to Addis 
Ahbaba. Tlio coast section was in progress in 1901, and should it 
ever bo completed the whole way, which seems doubtful, Jibuti must 
become the chief outlet for the rich and varied produce of Gallaland, 
much of which at present finds its wa^ by tho old caravan route 
through the Arussi territory to the British ports of ZeiU, BiiHiar, 
and Berbera, on tho Gulf of Aden. This route, followed from time 
immemorial by the Ariissi and Ittu Gallas, is scarcely known to 
tho outer world, and has not yet been followed by any European 
traveller. It was known, however, to Cecchi, who was p - 
informed by the native traders that beyond Harrar it turns 
sharply round to the west as far as the neighbourhood of Ankober, 
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where it biftirGates, one brench penetrating into Shoa over the Ittu 
<^ain, the other turning sonth-weet and reaching South Ethiopia 
over a pass in the Arussi range. By this trade route Harrar is 
reached in a month from the remotest coniines of Kaffa, and in two 
or three weeks the heart of Qallaland, whereas the northern 
routes through Abyseinia projier to MASsawa and Assab are both 
much longer and lar more difficult. The chief distances are : — 
Massawa by Saati and Asmara to Adua, capital of TigrcS, 104 miles ; 
Adua to Sokota, converging point of several trade routes from the 
coast and the interior, 110 ; Sokota to the Italian port of Assab, 240 ; 
Sokotu to Basso, the great market of Qojam, near the Shoa frontier, 
180 ; ^sso to Liekk, the great market of Gallalaud, 120 ; Liekk 
to Bonga, the great market of Eaffa, 115 ; Bonga to Harrar over 
the Arussi Kange, 270 ; Harrar to the coast at Eeila and Jibuti, 
192 and 130. 

The Ethiopian uplands appear to have been ori^ally peopled 
by the eastern branch of the Hamitic family, which has occupied 
- ... this region from the remotest times, and still consti- 

PopuMtloa, Qjg great bulk of its inhabitants. But their 

domain was enoroached upon probably in the Stone Age, but 
certainly before the historic ])eriod, both by the uncultured negroes 
of the White*Nile and by the cultured Himyaritic Semites from 
South Arabia. The presence of these elements is still conspicuous, 
especially in North Ethiopia, where the Mends between blacks, 
Hamites, and Somites are so numerous and widespread that the 
natives, who call themselves Riopiavian (“Ethiopians**), are 
known to the Arabs as Jfabaahi (“ mixed ’*),^ whence our terms 
“Abyssinia ’* and “ Abyssmians.*' Throughout historic times the 
politically dominant people have been the Semitic Himyaritos, 
who, however, have failed to ])reserve their racial purity, and have 
gradually been merged in varying proportions with their Hamitic 
subjects in the present Abyssinian nationality, whose very dark 
skin, crisp or curly black hair, and some other physical traits, also 
betray a distinct strain of black blood. 1'he prevailing colour in 
the central provinces (Amhara, Gojain) is a deep brown, which 
shades northwards (Tigr^, Lasts) to a light olive, and even fair 
complexion, and southwards (Shoa, Hobbo, Amurii) to a decided 
chocolate and almost sooty black. Many are distinctly negroid, 
with tumid lips, small nose, broad at base, and frizzly or 
ringlety black nair. But the majority may be described as 
a mixed Hamito-Semitic people, who belong uiKpicstiouably to 
the Cauoasic division of mankind. Several of the indigenous 
groups, such as the Khamtas of Lasta, the Agaos of Agaoniider 
(“ Agaolaiid *'), the Judaizing Falashos, the Khaniants of Denibca, 
still speak rude dialects of the old Hamitic tongue, whose affinities 
with the Galls, Somal, Afar, Beja, E^ptian, and Berber have now 
been established. But the official language and that of all the 
upper claaHe.s is Semitic, derived from tlic ancient Himyaiitic, 
which is the most archaic member of the Semitic linguistic family* 
It was introduced with the tirst immigrants from Yemen ; and 
although no longer H|K)ken, the (Jeez^ as it is called, is still studied 
us the liturgical language of the Abyssinian Christians. Its litera> 
ture consists of numerous translations of Jewish, Greek, and 
Arabic works, besides a valuable version of the Bible dating 
apparently from the 4th century, when Chris tianityw’as introduced 
by Fruinentius of Alo.xaiidria. Its best modorii representative is 
the Tigriha of Tigr^ and Lasta, which is much purer but less 
cultivated than the Atnharic dialect, which is current in the con* 
tval and southern provinces, and inueh affected by Hamitic ele- 
ments. All are written m a peouliar syllabic script which, unlike 
all other Semitic forms, runs from loft to right, and is derived 
from that of the Sabesans and Minseans, still extant in the very old 
rock inscriptions of South Arabia. The identity has liecn fully 
established by the palaeographio studies of Bent, Mordtmann, D. H. 
Muller, and other arohiemogists. The heterogeneous elements 
entering into the constitution of the Abyssinians are reflected in 
their jiolitioal and social institutions, and 6S)ieclally in their reli- 
gious beliefs and practices. On a seething mass of African 
heathendom, already in early times affected by priiiiitivo Semitic 
ideas, was suddenly imposed an undeveloped form of Christianity 
in the 4th century. While the various ethnical elements have 
been merged in the composite Abyssinian nation, the primitive 
and more advanced religious ideas have nowhere boon fused in a 
uniform Christian system. Even the social system is marked by 
crude notions of justice and absurd “ Shamanistic ** practices, tem- 
pered by a few elevated moral precepts. Foreigners are often 
surprised at the strange mixture of savagery and lofty notions in a 
Ghvistian community which, for instance, accounts accidental 
manslaughter as wilful murder. Dreams, also, are still resorted to 
for detecting crime. A priest is sent for, and, if his prayers and 
cuftes tail, a small boy i.s drugged, and “whatever person he 
dreams of is fixed on as the oriminal. ... If ho does not drenm of 
the person whom the priest has determined on as the criminal, 
he is kept under drugs until he does what is required of him ” 


^ From Arabic root, habaaha^ to collect, gather, mingle. The 
derivation has been questioned, but on insufficient grounds. 


(Count Gleichen, Wiik ike Mission to Menelik, 1898). Beturo 
Menolek’s predecessor, Johannes, tlie Monopliysitc Abyssinian 
Church had only one ahuna (jjatnarch), always a Cojit, and always 
consecrated by the patriarch of Alexandria. But Johannes raised 
the number to throe, one oacli for the then vassal states of Gojam 
and Shoa, and one for his own kingdom of Tigre, with tin* title of 
metropolitan. After his death the bishop of Siioa elaiined siifireinu 
jurisdiction, and to settle the question of Hupremacy Menelok 
created two ahunas, so that the Abyssinian ('hui*ch boa.sf:s of two 
primates. (See also Auvssiniam Chttki’h ) 

The Nogfis Nagasti IS an absolute monarch soaicely controlled in 
the exercise of unlimited authority even by the adaf (custom, oial 
code) resiiected by most eastern despots. Meiiclek, ^ 
whose treatment of his Oalla and Somali subjects is 
well spoken of by Wellby and other travellers, governs 
his own kingdom of Shoa directly, and tlio othei vassal Abyssinian 
kingdoms indii-ectly through their several ras ( “ heads, '* “ idiicfs ”), 
all supremo within their respective jurisiUctions. IMie outlying 
southern provinces are administered by governors who aio 
appointed by the Negtis, and wdio generally seek the aid of the 
hereditary local chiefs in iiiaintaiuiug order, levying the ii regular 
forces, and collecting tribute. LJudei the governors are tlie 
mack and hanyrnmaek (leaders of right and left wings in the 
army), and under those the (literally “ rhinocei os-horn,’' 
or leaders of the advanced guard), who, like the Boor held coriielH, are 
ex)iected to load the tribesmen when summoned to tight. Ai>^s- 
siuia can put 800,000 men into the field, 240,000 of them armed 
with rifles. The emperor keeps court with a certain barbaiic pomp, 
assisted by the nzaj (master of ceremonies), alaka (lord of the 
treasury), musHme (receivers of tribute), and other dignitaries. 

The Abyssinian CaZendar is as follows The Abyssinian year ol 
365 days (366 in lea]> year) begins on the IsL of Mdskarram, which 
corres{)onds to about our 10th of Boptember. Their months have 
thirty days each, and are thus named : Miiskurram, *rekemt, 
Hadar, Tahsiis, Tarr, Yokatit, Magawit, Muiziah, Geiihot, Sauni, 
Hamle, Nas’hi. The remaining live days in the year, termed 
Pagmen or Quaggiini (six in leap year — leap day being named 
Kadis Yohauuis), are put in at the end and treated as holidays. 
The week-days correspond to ours, but am a week behind : e y., their 
Easter Sunday is seven dais behind ours. Their reckoning is 
about seven years eight months behind ours : our New Year’s 

Day 1901 would lie about the 21st Tahsds of ihcir 1893, and their 
Now Year’s Day 1894 would be about our 10th September 1901. 

(a. H. k.) 

II. History. 

Since the publication in 1875 of the article on Abyssinia, 
in the 9th edition of the Enx^yclo^twdia Brxtamiicu^ the 
centre of interest in this country has shifted from the 
northern to the southern provinces ; and several sources 
of information, not then available, have been opened to 
us. We make therefore no apology for glancing at the 
earlier history of Shoa, and bringing up to the date of 
the British Expedition (1867) a sketch of the intiTiiai 
history both of Northern and Southern Abyssinia before 
proceeding with the more recent history. 

For the last 200 years and more Abyssinia has been a 
conglomeration of jirovinces and districts, ill defined, loosely 
connected, and generally at war with each other. Of those 
the three chief provinces have been Tigre (northern), 
Amhara including Gondar (central), and Shoa (southern). 
The seat of government, or rather of overlordship, has 
usually been Amhara; the ruler of which, calling himself 
Negfis Nagasti (king of kings, or emperor), has exacted 
tribute, when ho could, from the otlier provinces. The 
question of succession as Negffs Nagasti has been largt'ly 
dependent on the blood in tlie veins of the claimant. All 
the Emjierors have based their claims on their direct 
descent from Solomon and the queen of Sheba ; but it is 
needless to say that in many, if not most, cases their 
success has been due more to the force of their arms than to 
the purity of their lineage. Some of the rulers of the larger 
provinces have at times been given, or given themselves, 
the title of NegCls or king, so that on occasions as many 
as three, or even more, Negfises have been reigning at the 
same time ; and this must be borne in mind by the student 
of Abyssinian history in order to avoid confusion of rulers. 

The whole history of the country is one gloomy 
record of internecine wars, barbaric deeds and unstable 
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govemixients, of adventurers usurping thrones, only to be 
themselves unseated, and of raids, rapine, and pillage. 
Into this chaos enter from time to time broad rays of 
sunshine, the efforts of a few enlightened monarchs to 
evolve order from disorder, and to supply to their people 
the blessings of peace and civilization. Bearing these 
matters in mind, we find that during the 18th century 
the most prominent and beneficent rulers were the 
Emperor Yesu of Gondar, who died about 1720, Hebastie, 
Negfls of Slioa (1703-18), Ainada Yesus of Bhoa, who 
extended his kingdom and founded Ankdber (1743-74), 
Tekla Giorgis of Amhara (1770-98?) and Asfa Nassen 
of Shoa (1774-1807), the latter being esjtecially renowned 
as a wise and benevolent monarch. The first years of the 
19th century were disturbed by fierce campaigns between 
Guxa, lias of Gondar, and Wolda Belossi^, of Tigrd, 
who were both striving for the crown of Guxa’s master, 
the Eui]>eror Eguala Izeion. Wolda Belassi^ was eventu- 
ally the victor, and practically ruled the whole country 
till his death in 1816 at the age of eighty. Mention must 
htJre be miulo of the first British mission, under Lord 
Valcntia and Mr Henry Salt, which was sent in 1805 to 
conclude an alliance with Abyssinia, and obtain a i)ort on 
the lied Sea in case France secured Egypt by dividing up 
the Turkish empin3 with llussia. This mission was suc- 
ceeded by many travellers, missionaries, and merchants of 
all countries, and the stream of Europeans continued until 
well intij Theodore’s reign. To Wolda Selassie 8uc<;eeded 
Sabagiulis of Agarnd, by force of aims, and as Ras of Tigr4 
he introtluced various Englishmen, whom he much admired, 
into tlie <*ountry. Ho improved the prosperity of his land 
considerably, but by so doing roused the jealousy of Has 
Marie of Amhara — to whom he had lefused tribute — and 
Ubi(5, son of Ilailo [Mariam, a governor of Simen. In an 
ensuing battle (in January 1831), both Babagadis and 
Mari6 were killed, and Ul»i6 retired to watch events from 
his own i>roviiice. Marie whs shortly succeeded in the 
iias-shij) of Amhara by Ali, a nephew of Guxa an<l a 
Mohammedan. But lU)ie, who was aiming at the crown, 
so<»n attacked Has Ali, find after several indecisive cam- 
|>aigns i»roclaimed himself Nogfis of Tigrd To him 
came many French travellers, chief of whom were 
Lieut. Lofebvn^, clnirged with j^olitical ami geograj>hical 
missions, and Captains Galiinicr and Ferret, who com- 
pleted for liim a useful triaiigiilation and survey of Tigre 
and Biincn ( 1 840-1 2). 

NorthtTii Abyssinia was now divided into two camjis, 
the one, Amhara and Kas Ali, under Protestant British, 
and tlio other, Tigre!* and Ubi6, under R.onian (Catholic 
French, influence.^ The latent hostility between the tw(» 
factions threatened at one time to develoj^ into a religious 
war, but no serious cfiuipaigns took place until Kassa 
(later Theodore) appeared on the scene. Kassa {ft, 1818), 
son of the <*]iief of Kwara, a western <listri(‘t of Amhara, 
by his talent and energy rajiidly came to the front. In 
consoituouce of the arrest of liis brother Bilawa by Kas 
Ali, he raised the standard of revolt against the latter, 
an<l, collecting a large forc.e, repeatedly befit the troops 
that weni sent against him l»y the Kas (1841-47). As 
his power was increasing, to the detriment of both Kas 
Ali and Ubie, these two princes combined against him, 
but were lieavily defeated by him at Corgora (on the 
southern shore of Lake Tsana) iii 1853. Ubie retreated 
to TigrtS, and lias Ali lied to Begcineder, where he 
eventually died. Kassa now ruled in Amhara, but his 
ambition was to attain to supreme power, and he turned 
his attention to conquering the remaining chief divisions 
of the country, Gojam,^ Tigr^, and Shoa, which still 

' For names of Europeans, v. article in Bncy, Rrtt., 9tli edition. 

* South of Amhara. 
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remained unsubdued. Berro, Ras of Gojam, in order to 
save himself, attempted to combine with Tigr^, but his 
army was intercepted by Kassa and totq^y destroyed, 
himself being taken prisoner and executed (May 1854). 
Shortly afterwards Kassa moved against Ti^, defeated 
Ubie’s forces at Deragie, in Simen (February 1855), took 
their chief prisoner and proclaimed himself Nogils Nagasti 
I of Ethiopia under the name of Theodore. He now turned 
his attenthRi to Shoa. 

Retracing our steps for a moment in that direction, we 
find that in 1813 Sahela (or Sella) Selassid, younger son 
of the preceding Kas Wassan Seghed, had pro<;laimed him- 
self Negus or king. His reign was long and beneficent. 
He restored the towns of Debra Brehan and Angolola, 
and founded Kntoto, the strong stone-built town whose 
ruins now overlook the modern hut -capital of Addis 
Abbaba. In the terrible “famine of St Luke” in 1835, 
Selassie still further won the hearts of his^subjects by 
his wise measures ayd personal generosity; and by extend- 
ing his hospitality to EurojHians, he brought his country 
within the closer ken of civilized European Powers. 
During his reign he received the missions of Major 
Harris (1841) and M. Rochet d’Hcricourt (1843), with 
both of whom he coBcludod friendly treaties on btv’ 
half of their respective governments. He also wrote to 
Pope Pius IX., asking that a Roman Catholic bishop 
should be sent to him. This re(|ucst was acceded to, 
and the Pope despatched Monsignor Massega to Shoa. 
But l)efore the prelate could reach the country, Selassie 
was dead (1847), leavin}^ his eldest son, llailu Melekot, 
to succeed him, Melekot at once ]>roclaimed himself 
Negus, and by sending for Massaja, who had arrived at 
Gondar, gave rise to the suspicion that he wished to 
have himself crowned as emperor. By increasing his 
dominions at the cxjxjuse of the GalJas, he still further 
roused the jealousy of the Northerners, and a treaty 
which he concluded with Ttas Ali against Kassa in 
1850, determined tlie latter to crusli him at the* earliest 
opportunity. 

Thus it was that in 1855 Kassa, under the iiaiue 
of the Emperor Theodore, advanc(*d against Shoa witli a 
large army. Dissensions broke out among the Shouns, 
and after a desperate and futile attai'k on Theodore at 
Dobra Brehan, llailu Melekot died of exhaustion and 
fever, nominating with his last breath his eleven-ycjar- 
old son Mcnelek as successor (Novemlier 1855). Darghe, 
Hailu’s brother, took charge of the young prince, but 
after a hard tight with Angeda, one of Theodore’s Rases, 
was obliged to capitulate. Menelek was handed over to 
the NegCls, taken to Gondar and there trained in Theodore’s 
service. 

The following shows Menelek’s descent since the begin- 
ning of the 1 9th century : — 

Asfa NoHHon d. 1807 

AVassan Soglic«l = Woizero Zenebe Work 
d 1811 I 


Bccurrayo Sella Solaasie = Woizero Betsabesh 
(1795-1847) I 


Hailu Melekot = Ejigayu Siefu l)argh4 

(1825.1855) I (1826-1860) 6. 1827 

I Maabasha • 

Menelok 

• h, 1844 = Taitu 


1 son Zanditu Taniua Work 
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On the retirement of the Northerners, Siefu, another 
brofher of Hailu, proclaimed himself Negils of Hhoa at 
^k6ber, and»beat the local representatives of Theodore’s 
Government. *The emperor returned, however, in 1858, 
and after several repulses, succeeded in entering Ank6ber, 
where he behaved with great cruelty, murdering or muti- 
lating all the inhabitants. Siefu kept up a gallant defence 
for two more years, but was then killed by Kebrct, one of 
his own chiefs. Thus chaos again reigned supreme in 
Shoa. In 1865, Menelek, now a Dcjazmach of Tigr4, 
took advantage of Theodore’s difficulties with the British 
Government, and escai^ed to Workitu, queen of the Wollo 
Galla country. The emperor, who held as hostage a son 
of Workitu, threatened to kill the boy unless Menehik 
were given up ; but the gallant queen refused, and lost 
both her son and her throne. The fugitive meanwhile 
arrived sa^ly in Shoa, and was there acclaimed as 
Negus. For the next throe years Menelek devoted himself 
to strengthening and disciplining his*army, to legislation, 
to building towns, such as Litchd (near Debra llrehan), 
Worra HaUu (Wollo Galla country), (fee., and to repelling 
the incursions of the Gallas. On the death of I^heodore ^ 
(13th April 1868), many Slioans, including Has Darghci, 
were released, and Menelek began* to feel himself strong 
enough, after a few preliminary minor campaigns, to 
undertake offensive operations against the northern 
princes. But these projects were of little avail, for 
another Kassa, an adventurer of Tigr4, had by this time 
(1872) risen to supreme power in the north. With the 
help of many rifles and guns, presented to him by the 
British in return for his hel}) in the campaign, he had 
beaten lias Bareya of Tigr4, Wagshum Gobassn^ of 
Amhara, and Tekla Giorgis of Gondar, and after pro- 
claiming himself Negfla Nagasti under the name of 
Yohannos or John, was now preparing to march on 
Shoa. Here, however, Menelek was saved from probable 
destruction through the action of Kgy])t. This Power 
had, by the advice of Munzinger, their Swiss governor 
of Massawa, seized and occupied in 1872 the northern 
province of Bogos; and, later on, insisted on occupying 
Hamasen also, for fear Bogos should be attacked, John, 
after futile protests, collected an army, and with the 
assistance of lias Walad Mikael, hereditary chief of 
Bogos, advanced against the Egyptian forces, who were 
under the command of one Arendruj), a Dane. Meeting 
near the Mareb, the Egyptians were beaten in detail, and 
almost annihilated at Gundet (13th November 1875). An 
avenging expedition was prepared in the spring of the 
following year, and, numbering 14,000 men under Katib 
Pasha, Loiing (American), and Prince Hassan, advanced 
to Gura and fortified a jmsition in the neighbourhood. 
Although reinforced by Walad Mikael, who had now 
quarrelled with John, the Egyptians were a second time 
(25th March 1876) heavily beaten by the Abyssinians, and 
retired, losing an enormous quantity of both men and 
rifles. Colonel Gordon, governor-general of the Sudan, 
was now ordered to go and moke peace with John, but 
the king had moved south with Jiis army, intending 
to punish Menelek for having raided Gondar whilst he, 
John, was engaged with the Egyi3tians. 

Menelek’s kingdom was meanwhile torn in twain by 
serious dissensions which had been instigated by his con- 
cubine Bafana. This lady, to whom he was much attached, 
had been endeavouring to secure the succession of one of 
her own sons to the throne of Shoa, and had almost suc- 
ceeded in getting rid of Mashasha, son of Siefu and cousin 
of Menelek, who was the apparent heir. On the approach 
of John, the Shoans united for a time against their 

‘ For details of Tlieodore's life and the British expedition, v, 
JSncjf, 9th edition. 
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common enemy. But after a few skirmishes they melted 
away, and Menelek was obliged to submit and do obeisance 
to John. The latter behaved with much generosity, but 
at the same time imposed terms which effectually deprived 
Shoa of her independence (March 1878). In 1879 Gordon 
was sent on a fresh mission to John on Inihalf of Egypt ; 
but he was treated wth scant courtesy, and was obliged 
to leave the country without achieving anything per- 
manent. 

The Italians now come on the scene. Assab, a port 
near the southern entrance of the Bed Sea, had been 
bought from the local Sultan in 1869 by an Italian com- 
pany, which, after acquiring more land in 1879 and 1880, 
was bought out by the Italian Government in 1882. In 
this year Count Antonclli was despatched to Shoa in order to 
improve the prospects of the colony by treaties with Menelek 
and the Sultan of Aussa. Several missions followed upon 
this one, with more or less successful results , but both John 
and Menelek became uneasy when Beilul was occupied 
by the Italians in January 1885, and Massawa taken over 
by them from Egypt in the following month. This latter act 
was greatly resented by the Abyssinians, for by a treaty con- 
cluded with a British and Egyptian mission under Admiral 
llewett and Mason Pasha ^ in the previous year, free transit 
of goods was to be allowed through this port Matters 
came to a head in January 1887, when the Abyssinians, 
in consequence of a refusal from General Gene to with- 
draw his troops from Waa and Tula, surrounded and 
massacred 400 Italian troops at Dogali. Beinforcements 
were sent from Italy, whilst in the autumn the British 
Government stejiped in and tried to mediate by means of 
a mission under Mr (afterwards Sir Gerald) I’ortal. His 
liiissioii, however, proved abortive, and after many difficulties 
and dangers he returned to Egypt at the end ol the year. 
In April 1888, the Italian forces, numbering over 20,000 
men, came into touch with the Abyssinian army ; V»ut 
negotiations took the place of fighting, with the result 
that both forces retired, the Italians only leaving some 
5000 troops in Eritrea, as their colony w^as now called. 
Meanwhile John had not been idle with regard to the 
Dervishes. Although he had set his troops in motion too 
late to relieve Kassala, Bas Alula, his chief general, had 
succeeded in inflicting a handsome defeat on Osman Digna 
at Amideb in J uly 1 887. A large force of Dervishes had, 
however, entered and sacked Gondar in April 1887, and 
to avenge this John took the field in force against the 
enemy, who were still harassing the north-west of his 
territory. A great battle ensued at Gallabat, in which the 
Dervishes, under Zeki Tumal, were at first beaten. But 
a stray bullet pierced John’s heart, and his men lied, 
leaving cam}) and stores, besides the body of their emperor, 
in the hands of the enemy (9th March 1889). 

Immediately the news reached Menelek he proclaimed 
himself emperor, and received the submission of Gondar, 
Gojam, and several other provinces. In common with 
other northern jirinccs, Mangasha, rejiutcd son and heir 
of King John, and Bas Alula, refused to acknowledge the 
sovereignty of Menelek, but on the latter marching against 
them in the following January w’ith a large army, they 
submitted. As it La})pened, Count Antonelli was with 
Menelek w^hen he claimed the throne, and promptly con- 
cluded with him on behalf of Italy a friendly treaty, to 
be known hereafter as the famous Uccialli treaty. In 
consequence of this the Italians occujiicd Asmara, made 
friends with Mangasha, and received Bas Makunnen,* 

^ Tlie mail! object of this mission 'was to seek John’s assistance in 
evacnating the Egyptian gaiTison.s in the Sudan, which were threatened 
by tlie Dervishes. 

® Rns of Harrar, which province had been conquered and occupied 
by Menelek in January 1 887. 
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Menelek’s nephew, as his plenipotentiary in Italy. Thus 
it seemed as though hostilities between the two countries 
had come to a definite end, and that i^eace was assured 
in the land. For the next three years the land was 
fairly quiet, the chief political events being the conven- 
tion (6th February 1891) between Italy and Abyssinia, 
protocols between Italy and Great Britain (24tli March and 
15th April 1891), and a proclamation by Menclek (10th 
April 1891), all on the subject of boundaries. As, however, 
the Italians became more and more friendly with Mangosha 
and Tigrd the apprehensions of Menolek increased, till at 
last, in February 1893, he wrote denouncing the ITccialli 
treaty, which differed in the Italian and Amharic versions. 
According to the former, the Negfis was bound to make 
use of Italy as a channel for communicating with other 
Powers, Whereas the Amharic version left it oy>tional. 
Meanwhile the Dervishes were threatening J<>itrea. A 
fine action by Colonel Arimondi gained Agordat for Italy 
(21 si December 1893), and a brilliant marcli by Colonel 
llaratieri resulted in the ac<|uisition of Kassalu (J7th July 
1894). But on his return Jlaratiori found that Mangasha 
was intriguing with the Dervishes, and liad actually 
crossed the frontier with a large army. At Koatit and 
Senafe (I3tli to I nth January 1895) Mangasha was met 
and heavily defeated by Baratieri, wlio occupied Adigr.at iu 
March. But as the year wore on the Italian commander 
pushed his forces unsi 1 1 qM)r ted too far to the south. Menolek 
was advancing with a largo army in national suyiport of 
Mangasha, and the subsequent reverses at Aniba Alagi (7th 
December 1895) and Makallo (23rd January 1896) forced 
the Italians to fall back. 

Reinforcements of many thousands were ineauwhih* 
arriving at Massawu, and in February Pariitiori took the 
field at the head of over 13,000 men. Mencsleks army, 
amounting to about 90,000, )jad during this time advanced, 
and was occupying a strong position at Abba. Gariina, near 
Adua. Here Baratiori attacked him on the 1st March, 
but the difficulties of the country were great, and one <»f 
the four Italian brigades had yiushed too far forward. 
This brigade was attacked by overwholming numbers, and 
on the remaining brigades advancing in support, they wem 
successively cut to j)iece,s by the encircling masses of the 
enemy. The Italians lost nearly 4000 killed and wouiHled 
and 2000 prisoners, whilst the Abyssinians owned to a loss 
of over 3000. General Baldissem advanced with a large 
body of reinforcements to avenge this defeat, but the 
Abyssinians, desperately short of supplies, had already 
retired, and beyond the peaceful relief of Adigrat no 
further ojHjrations took place. Jt may here be remarked 
that the white ])ri8oners taken by Meiielek were exceedingly 
well treated by him, and that he behaved throughout, as 
he has ever since, with the greatest humanity and dignity. 
A peace was signed at Addis Abbaba in the following 
October, and negotiations on tlie question of fnmticrs were 
commenced, which were only brought to a conclusion iu 
the autumn of 1900. 

This war, so disastrous to Italy, attracted the attention 
of all Europe to Abyssinia and its monarch, and numer- 


ous missions, two Russian, three French, and one British, 
were despatched to the country and hospitably received 
by Menelek. The British one, under Mj (now Sir) 
Rcnnell Rodd, concluded a friendly treaty with Abyssinia 
(15th May 1897), but did not, except in the direction 
of Somaliland, touch on frontier questions, which still 
form a subject of discussion. During the same year a 
small P'rench expedition under Messrs Clochette and 
De Bonchamps endeavoured to reach the Nile, but, 
after surmounting many difficulties, stuck in the marshes 
of the Upper Sobat and was obliged to return. Another 
cxjiedition of Abyssinians, under Dejaj Tasamma, and 
accompanied by three Europeans — a Frenchman, a Swiss, 
and a Russian — started early in 1898, and reached the 
Nile at the So}>at mouth in June, a few days only before 
Major Marchand and liis gallant companions anrived on 
the scene. But no contact was made, and the expedition 
returned to Abyssinia. In the same year (189%) Menelek 
}>roccoded northwar(!|^ with a large army, for the purpose 
of chastising Mangasha, who was again rebelling against 
his authority. After some trifling fighting Mangasha sub- 
mitted, and Has Makiinnen despatchcMl a force to subdue 
Beni Shangul, the chief of which gold country. Wad Tur 
el Ouri, was showing signs of disaffection. This effected, 
the Abyssinians almost came into contact with the 
Egyptian troops sent up the Blue Nile (after the occupa- 
tion of Khaitum) to Farnaka and towards Gallabat. But 
tus l)otli sides were anxious to avoid a collision, no hostile 
i-esults ensued, and matters remain on a friendly footing 

I between the nations. Negotiations and surveys on the 
hubjei't of frontiers were in jirogross, and were likely to be 
brought to a successful conclusion, iu 1901. 

Since 1897 British influence in Abyssinia, owing 
largely, no doubt, to the conquest of the Sudan, the de- 
struction of the IkTvish ])ower, and the result of the 
Fashoda incident, has been sensibly on tlie increase. But it 
remains to be seen whether any European influence will 
Ihj of inncli avail after the demise of the jirescnt enlightened 
enqieror, or -whether Abyssinia will relapse into the state 
of aiiari'hy and desolation whicli has characterized so much 
of her history. 

Airnroiti riE.s. — Bknt, Tmconoit r. 27ie Hiicred City of thr Eth / 
opiam^ London, 1893 — Bland roiid, W, T. The Ueof^oyy aiul 
Zoolmjif of AbysHima. London, 1870.— Bi*i;NDKLri, H. W. “A 
.lonrnoy tlirougli Abyssinia,” Oeogniph, Jour, vol. xv. 1900. — 
BniiKLLi, .kiLKs. Ethiopie Miridtonale, Pans, 1900. — Ftjma- 
OALLT, G. liiblio(jrafla Eiu^pica, Milan, 1893. — Gleichrn, 
Count. With tiu Mission to Menelik, London, 1898 — Kelitr, 
J. S. The Partition of A frwa, liondun, 1895. — Krank, A. H. 
Man * Past and l^esent, 2nd od. Cambridge, 1901.— Lauribau, P. 
de. Doiizc Ans cv Ahyssitnr. Pans, 1898. — Portal, G. II. My 
Mission to Abyssmm, London, 1892. — Rkclus, E. Uniwyrml 
GecHjraphyf vol. k. — Vandkrhkym, J. G. Une ExjMiticm arec le 
Neyaus Menihk, Paris, 1896.— VigniSras, S. Um Mission Fran- 
^aise en Abyssinie, Pans, 1897. — WeIiLUV, Capt. M. S. “King 
Monelok's Dominions,” &c., Qeoyraph, Jour, Soptoniber 1900."- 
Massaja, Cardinal. I miei 3.5 anni di MissionenelV alia Eiiopiiiy 
10 vols. Milan. 1886-93 Crcchi. Va ZeUa alle Frontiere del 
Cajfa^ Rome, 1887 ; and E Abissinia SetlentriinialCy Milan, 1888. — 
J. SriliLMANN. Abessinicn und sfine Eedeutnng far unsere Zaity 
Ac. Freiburg in Breiagau, 1892. — Sapeto. Etwpia, Rome, 1890. 
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Abyssinian Church. — As the chronicle of 
Axum relates, Christianity was adopted in Abyssinia 
in the 4th century. About 330 a.d. Frumentius was 
made first Bishop of Ethiopia by Athanasius, i»atriarch 
of Alexandria. Cedrenns and Nicejihoriis err in dating 
Abyssinian Christianity from Justinian c, 542. From 
Frumentius to the present day, with one break, the Metni- 
politan has always been appointed from Egyjit, and, oddly 
enough, lie is always a foreigner. Little is known of 


church liistory down to the period of Jesuit rule, whicli 
broke the connexion with Egypt from about 1500 to 1G33. 
But the Abyssinians nyecied the CounQil of Chalcedon, 
and still remain nionopliysites. Union with the Coptic 
Church {q,v.) continued after the Arab conquest in Egypt. 
Alff SMili records (12th century) that the patriarch used 
always to send letters twice a-year to the kings of Abyssinia 
and Nubia, till A1 Hkkim stop|)od the practice. Cyril, 67th 
iwitriarch, sent Severus as bishop, with orders to put down 
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polygamy, and to enforce observance of canonical con- 
secration for all churches. These examples show the 
close relatioQ^ of the two churches in the Middle Ages. 
But late in the 15th century, the church was taken captive 
by a Portuguese mission. In 1439 an Abyssinian embassy 
to Borne had resulted in the despatch of a mission under 
Alvarez. Later, Ignatius Loyola wished to essay the task 
of conversion, but was forbidden. Instead^ the Po [)0 sent 
out Barret as patriarch of the East Indies, with Oviedo as 
bishop ; and from Goa envoys went to Abyssinia, followed 
by Oviedo himself, to secure the king’s adherence to Borne. 
Aiter re|)oated failures some measure of success was 
achieved, but not till 1604 did the king make formal 
submission to the Poiio, Then the iieoj)lc relnjllod and 
the king was slain. Fresh Jesuit victories were followed 
sooner or later by fresh revolt, and Boman rule hardly 
triumphed, when once for all it was overthrown. In 1633 
the Jesuitt were expelled and allegiance to Alexandria 
resumed. 

There are many early rock-cut churches in Abyssinia, 
closely resembling the Coptic. After these, two main 
types of architecture are found — one basili(»in, the other 
native. The cathedral at Axum is basilican, though the 
early basilicas are nearly all in nnns—^./;., that at Adulis 
and that of Martula Mariam in Gojam, rebuilt in the 1 Gth 
century, on the ancient foundations. These examples show 
the influence of those architects wlio, in the Gth century, 
built the splendid Imsilicas at Sana and elsewhere in Arabia. 
Of native churches there are two forms — one square or 
oblong, found in Tigre ; the "other circular, found in 
Amhara and Shoa. In both, the sjinctuary is square and 
stands clear in the centre. An outer court, circular or rect- 
angular, surrounds the body of the church. The square 
tyi>e may be due to liasilican influence, the circular is 
a mere adaptation of the native hut ; in both, the arrange- 
ments are obviously hisod on Jewish tradition, (^hurch 
and outer court are usually thatched, with wattled or 
mud-built walls adorned with rude frescoes. The altar 
is a board on four wooden pillars having upon it a small 
slab (tab At) of alabaster, marble, or shittim >vood, which 
forms its essential |mrt. At Martula Mariam, the wooden 
altar overlaid wdth gold liad two slabs of solid gold, one 
500, the other 800 ounces in weight. The ark kept at 
Axum is described as 2 feet high, covered with gold and 
gems. The liturgy was celebrated on it in the king’s 
palace at Christmas, Epiphany, Easter, and Feast of the 
Cross. 

Generally the Abyssinians agree with the Copts in ritual 
and practice. The LXX. version was translated into Geez, 
the literary language, which is used for all services, though 
hardly understood. Saints and angels are highly revered, 
if not adored, but graven images are forbidden. Fasts 
are long and rigid. Confession and absolution, strictly 
enforced, give great power to the priesthood. The clergy 
must marry, but once only. Pilgrimage to Jerusalem is a 
religious duty and covers many sins. (See also under 
Abyssinia.) 

Aitthobitirs.— Teu.kz. Uistoria de Ethiopia, Coimbra, 1660. 
— Alvarkz. Trans, by Ijord Stanley of Alderloy. London, 1880. — 
LunoLPiiUs. History of Ethiopia, London, 1684, and other works. 
— -T. Wriout. Ghristianity of Arabia. London, 1865. — C. T. 
Bbkb. ** Christianity among the Gallas,’* ErU. Mag. London, 
1847. — J. C. Hotten. Abyssinia Described. London, 1868. — 

Abyssinian Church Architecture,*' HmjaJ, Inst. lirit. Arch, 
Transo^wnis, 1869. Ihid. Journal, March 1897. — Archxologia, 
vpl. xxxii. (a. j. n.) 

Academy, French.— The history of the French 
Academy has continued its tranquil course since 
1875, marked perhaps in later years by a greater 
desire to respond to the purely literary dictates of its 
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composite conscience. Its elections, under the Republic, 
have been social fimctions of a highly fashionable char- 
acter. One alteration in its methods has to be chronicled : 
in 18G9 it became the custom to discuss the claims of the 
candidates at a preliminary meeting of the members. In 
1880, on the instance of the philosopher Caio, supported 
by A. Dumas fils, and by the aged Desir^ Nisard, it was 
decided to abandon this nietliod, which led to great 
inconvenience in practice. A j>oint upon wliich much 
stress is often laid, and regarding whicli the most in- 
accurate statements aitj put forth, is the dcgrtic m \Nhich, 
since its foundation, the French Academy has or has not 
represented the best literary life f»f France. On this 
subject it may be well to supply some Riq)plen)eiitary 
information. It apixiars from an examination of the lists 
of moml>ers that a surprising number of authors of tlie 
highest oxcollonce have, from one cause or another, escapt'd 
the honour of academic “immortality.” Wlion the 
Academy was founded in 1631, the moment was not a 
V(5ry brilliant one in French letters. Among the forty 
original mcml)ers we find only ten who' are remembered 
in literary history; of those there aic four who may 
reasonably l)o consiclered famous still — Balzac, CliajHjlain, 
Bacan, and Venture. In that generation Scarron was 
never one of the forty, nor do tlie names of Desciirtos, 
Malcbranche, or Pascal o(*cur ; it must not Ihj sup]>osed that 
any lack of honour w'as intended to these philosophers, 
but the French Academy had not come to consider its 
doors open to this class of writers. The duke of Roche- 
foucauld declined the honour from a proud modesty, and 
Botrou died too soon to be elected. The one astounding 
omission of the 17th oontur}% however, is the name of 
Moli^re, who w'as excluded by his ] profession as an actor. 
On the other hand, the French Academy was never more 
thoroughly representative of letters than wdien Boiloau, 
Corneille, La Fontaine, Bacino, and Quinault were all 
members of its btsly. Of the great theologians of that 
and the subsequent ago, tlie Academy contained Bossuet, 
Fiddlier, Fcneloii, and Massillon, but not Bourduloue. La 
Bruybre and Fonteuelle wei-c among the forty, hut not 
Saint - Simon, whose claims as a man of letters w'ere 
unknown to his contemporaries. Early in the 18th 
century almost every literary jpersoniige of eminence 
found his place naturally in the Academy. Tlie only 
exceptions of importance were Vauvenargues, w’ho died 
too early for the honour, and two men of genius of dubious 
social position, Losage and the Abbe l^evost d’Exiles. 
As tlie Revolution approached, the jicrson^t^l of the 
Academy lx)camo greatly disturbed. Montesquieu and 
Voltaire lielonged to it, hut not Rousseau or Beaumarchais. 
Of the hincyclopaedists, the French Aciidemy opened its 
dcMirs to D’Alembert, Ckmdorcet, Volney, Marmontel, and 
La Har])e, but not to Diderot, Bollin, Condillac, 
Helvotius, or the Baron d’Holbach. It is to be suiiposod 
that the claims of Turgot and of Quesnay did iKit apjpear to 
the Academy sufficiently literary, since neither was elected. 
In the transitional period, w'lien the social lile of J’aris 
was distracted and the Frencli Academy provisionally 
closed, neither Andre (^h6nier nor Benjamin Constant, nor 
Joseph de Maistro became enrolled among its members. 
In the early years of the 19th century considerations of 
various kinds excluded from the mnks of the forty the 
dissimilar names of Ijamennais, Priullion, Comte, and 
B^rauger. Critics of the French Academy are fon|l of 
pointing out that neither Stendhal, nor Balzac, nor 
Th6ophile Gautier, nor Flaubert, penetrated into the 
Mazarine Palace. It is not so often remembered that 
writers so academic as Thierry, and Aliohelet, and Qninet, 
sufiered the same exclusion. In later times neither 
Alphonse Daudet nor Edmond de Goncourt, Guy de 
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Maupassant nor Ferdinand Fabre, has been among the 
forty immortals. The non-election, after a long life of 
distinction, of the scholar Fustel de Coulanges, is less easy 
to account for. Verlaine, although a man of great genius, 
was an example of the kind of i>orson no academy can 
over l»e ex|>ected to recognize. Of the degree in which 
tbo French Academy represented the highest literary 
ability during the last rpuirter of the 19th <*entury, an 
examination of the following hicts will offer evidence. 
Of the forty meml)ors who composed its Ixxly at the 
close of 1875 only three wore still alive in the summer 
of 1901. These were M. Ernest Leg(mv6, who was 
elected so king ago as 18.55; M. Emile Ollivier, elected 
on the 7th of April 1870, but, in consequence of the 
intractability of his political oinnions, never formally 
received ; and M. Miizicros, elected in 1874. The first 
death to occur in the Academy was that of Patin ; ho was 
succeeded in June 187G by the distinguished Latinist, 
M. Claston Jloissier. To succeed the poet Autran, M. 
Victorien Sardou was elected on the 7th of June 1877 ; 
his success was hotly contested by tlie duke of Audiffret- 
Pasquior, and one vote transferred would have annulled 
the eleefcif)!!. In 1878, at the death of Tliiers, his seat was 
taken by I lenri Martin, that of Hernard by Ernest Tlcnan, 
ami that of Lonienie ]»y Tame. In December of that 
year, at the <leath f)f Du]»anloup, no ojiposition wtts offered 
tf) the duke of Au(Hffret-Pas(juier, although he was in the 
iinicjno posithin of having never jniblished anything of a 
literary character. Por two years there was no change in 
the corai>osition of the Froncli Academy, but in 1880 
several new names were added ; Maxime du Camp 
Hiicceode<l t<» Saint- Rcm^ I'aillamlier, Labiche to Sacy, and 
M. Itousse to Jules Faviv. In 1881 the absence of the 
younger p(>ctH from the Academy, which ha<l been much 
commented on, Wfis reformed by tlie (Section of M. Sully- 
IVudlionime in the of Duveigicr <le IJauraiinc. In 
the sani(» year Pasteur followed Littre, and Clnu'bulicz 
Diifaure. At the death of the poet Tlarbier, Perraud, 
bisliop of Alltun, was unanimously elected in 1882 ; later 
on ill the same year Pailleron replaced (diaries Plane and 
Mazade (Miaiiipagny. At the death of Sandeau, the 
popular writer, I<klnioiid About, was elected to bike his 
place, but du'd (January 188r>) too soon to be receivcjd. 
The elections in the latter ])art of 1881 w'ere more numerous 
than they had been, in a similar })eriod, within the 
memory of man. M. Co])i>ee had been admitted in 
February to take the place of the jioet Lajn’ade. The 
winter elections of 1884 included Lesse])s in the room of 
Martin, Durny in that of Mignet, Pertrand in that of J. 
B. Dumas, and M. Halevy in that of the count of Haus- 
sonville. After this extraordinary influx the Academy 
was for some tinio at rest, but in 1886 {owv fanieuik had 
to be filled ; that of About Avas taken by Leon Say ; that 
of Victor Hugo (at his expressed wish) by Lecsuite de Lisle ; 
that of the duke of Noailles by Edouard llervd ; and that 
of the count of Fallonx by M. (Ireard. The philosopher 
(>aro having died (July 1887), lie w.'is repLaced by the his- 
torian, tk)unt Otlnmiii of Haussonville in 1888. The most 
aged member of the A<*ailcmy, Viel-Castel, who had been 
born in 18(J0, died 4th Oct. 1887, and wms succceilod by 
Admiral .furien do la Oravicre ; Jjabiche (d. Jan. 1888) was 
succeeded by Meilhac ; and DtSsirt^ Nisanl (d. 2r)th March 
1888) by the Viscount Melchior do Vogue,all these in 1888. 
Augier, the playwright, dying on 25th October 1889, hia 
fauteuil was filled by M. de Freycinct, after a prolongetl 
struggle (11th December 1890). Octave Feuillet dying 
(28th Decern l)er 1890), three novelists contended for his 
seat — Emile Zola, Ferdinand Fabre, and Pierre Loti. At 
the first voting M. Zola stood at the top of the poll, at the 
sixth scrutiny Pierre Loti w'os declared elected. M. Ernest 


Lavisse, the historian, succeeded Admiral de laQravi^re in 
1892. In 1893, after the death of Xavier Marmier, 
Viscount Henri de Bornier, the poet, wly had been 
a constant applicant for several years, was at length 
elected by a large majority. M. Thureau-Dangin on the 
same day succeeded llousset ; in March Challemel-Lacour 
folio wchI lienau (died October 1892) ; and in June M. 
Hruneti^re the critic, the journalist John Lemoinne. It 
proved imjKissible for the Academy to come to any 
understanding about the fauteuil of Taine (who died March 
1893), and the election was therefore postjxined. In the 
meantime Mazade died, and was replaced by the poet 
Heredia, in February 1 894. Finally, after what seemed an 
endless struggle, the historian, M. Albert >Sorel, secured in 
May 1894 the foMteuil of Taine; and M. Paul 

Bourget was elected on the same day to succeed Du Camp. 
Later elections Ut the French Academy have he.en as 
follows: in J894, M. Henry Houssaye ; in •1895, M. 
Jules Lemaitre ; in 1896, MM. Anatole France, the 
Marquis Costa de ^Beauregard, Qaston Paris, Andre 
Tbeuriet, and AlWt Vandal; in 1897, the count de 
Mun and M. Gabriel Hanoiaux ; in 1 898, the sculptor 
M. Eugene Guillaume, and the farce -writer M. Henri 
Lavedan ; in 1899, the politician M. J*aul Deschanel ; 
in 1900, the novelist M. Paul HtTvieu and the critic 
M. Emile Fagiiet, both elected on the 1 5th of February, 
and on the 28th of June, M. Berthelot ; in 1901, 
the Marquis de Vogue, the archieologist, and M. Edmond 
Hostand, the poet and dramatist, both on 30th May. 

• (e. (JS.) 

Academy, Royal. — The Royal Academy of 
Arts in London, to give it the original title in full, was 
founded in 1768, “for the jmiqiose of cultivating and im- 
proving the arts of j)ainting, srulpturo, and architecture.’* 
Many attempts had previously lieen inaile in England to 
form a society which should have for its object the 
advancement of the fine arts. Sir James Thornhill, his 
son-in-law Hogarth, the Dilettanti Society, made elForts 
in this direction, but their schemes were wrecked by 
want of means. Accident solved the j>rf)bleiu. The 
crowds that attended an exhibition of pictures held in 
1758 at the P'ouiidling Hospital for the lienefit of that 
charity, suggested a way of making money hitherto un- 
susjHJcted. Two societies were quickly forniiMl, one calling 
itself the “ Society of Artists,” and the other the “ Free 
Society of Artists.” Tlio latter ceased to exist in 1774. 
The former fiourished, and in 1765 was granted a royal 
charter under the title of the “Incorporated Society of 
x\rtists of Great Britain.” But though prosperous it was 
not united. A number of the memlK'Ts, including the 
most eminent artists of the day, resigned in 1768, and 
headed by William Chambers, the architect, and Benjamin 
West, jirf'sented on 28th November in that year to George 
in., who had already shown his interest in the fine arts, 
a memorial soliciting his “ gracious assistance, patronage 
and protection,” in “ establishing a society for promoting 
the arts of design.” The memorialists stated that the 
two priuci}ml objects they had in view were the establish- 
ing of “a well-regulated school or academy of design for 
the use of students in the arts, and an annual exhibition 
o]xjn to all artists of distinguished merit ; the profit 
arising from tlie last of these institutions” would, they 
thought, “ fully answer all tlie expenses of the first,” and, 
indeed, leave something over to be distributed “ in useful 
cliaritics,” The king exyiressed his agreement with the 
proposal, but asl^ed for further particulars. These were 
furnished to him on 7th December and approved, and on 
10th December they wore submitted in fonn, and the 
document embodying them received his signature, with 
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the words I approve of this plan ; let it be put into I 
execution.” This document, known as the*^* Instrument,” | 
defined under twenty-seven heads the constitution and 
government of the Royal Academy, and contained the 
names of the thirtynsix original members nominated by 
the king. Changes and modifications in the laws and 
regulations laid down in it have of course been made, but 
none of them without the sanction of the sovereign, and 
the Instrument ” remains to this day in all essential 
particulars the Magna Charta of the society. Four days 
after the signing of this document— on 14th December — 
twenty-eight of the first nominated members met and 
drew up the Form of Obligation which is still signed by 
every academician on receiving his diploma, and also 
elected a president, keeper, secretary, council, and visitors 
in the schools ; the pi^ofessors being chosen at a further 
meeting held on the 17th. No time was lost in establish- 
ing the dfchools, and on 2nd January 17C9 they were 
opened at some rooms in Pall Mall, a little eastwai*d of 
the site now occupied by the Junior United Services (^lub, 
the president, Sir Joshua Reynolds, delivering on tliat 
occasion the first of his famous “ discourses.” The ojicn- 
ing of the first exhibition at the same place followed on 
26th ApriL 

The king when founding the Academy undertook to 
supply out of his own privy purse any deficiencies lietween 
the receipts derived from the exhibitions and the ex- 
penditure incurred on the schools, charitable donations for 
artists, <fec. For twelve years he was called upon to do 
so, and contributed in all something over £ 5000 , but in 
1781 there was a surplus, and no further call has ever 
been made on the royal purse. George III. also gave 
the Academy rooms in what was then his own palace of 
Somerset House, and the schools and offices were removed 
there in 1771, but the exhibition continued to be held in 
Pall Mall, till the comjdetioii in 1780 of the now Somerset 
House, when the Academy took j) 08 sos 8 ion of the apart- 
ments in it which the king, on giving u]i the pilace for 
Government offices, had exjn’essly stipulated should be 
provided. Hero it remained till 1837, when the Govern- 
ment, requiring the use of these rooms, offered in exchange 
a iiortion of the National Gallery, then just erected 
in Trafalgar Squani. The ofler, which ('ontained no 
conditions, was accepted. Hut it was not long before 
the necessity for a further removal l)ec.ame imminent. 
Already in 1 850 notice was given by the Government that 
the rooms occupied by the Academy would be required for 
the purposes of the National Gallery, and that they 
projiosed to give the Academy £40,000 to provide them- 
selves with a building elsewhere. The matter slumbered, 
however, till 1858, when the question was raised in the 
House of Commons as to whether it would not lie 
justifiable to turn the Academy out of the National 
Gallery without making any provision for it elsewhere. 
Much discussion followed, and a royal commission was 
appointed in 1863 “to inquire into the present position of 
the Royal Acu.demy in relation to the tine arts, and into 
the circumstances and conditions under which it occupies 
a portion of the National Gallery, Ac.” In their reinirt, 
which contained a large number of proposals and sugges- 
tions, some of them since carried out, the commissioners 
stated that they had “ come to the clear conclusion that 
the Royal Academy have no legal, but that they have 
a moral claim to apartments at the imblic expense,” 
Negotiations had been already going on Ixstween the 
Government and the Academy for the appropriation to 
the latter of a portion of the site occupied by the recently 
purchased Burlington House, on which the Academy 
offered to erect suitable buildings at its own expense. 
The negotiations were renewed in 1866, and in March in 
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the following year a lease of old Burlington House, and 
of a portion of the garden behind it, was granted to the 
Academy for 999 years at a popijercorn rent, subject to the 
condition tliat “the premises sliall l)o at all times exclu- 
sively devoted to the purpose of the cultivation of the 
tine arts.” The Academy immediately ]nocecded to erect, 
on the garden jiortion of the site thus acquired, exhibition 
galleries and schools, which were opened in 1869, further 
arlditions being made in 1884. An upi»i*r storey was also 
added to old Burlington House, in which to place tJie 
diploma works, the Gihson statuary, and other works of 
art. Altogether the Academy, out of its accumulated 
savings, has sptmt on these buildings more tlian £IG(),()()() 
They are its own projierty, and are maintained entirely 
at its expense. 

The government of the Academy was by tlie “ Instru- 
ment ” vested in “ a president and eight other jktsoiis, 
who shall form a council.” Four of these were to retire 
every year, and the seats were to go by rotation to (wery 
academician. The number was nicreasod in 1870 to 
twelve, and rednei^d to ten in 1875. The lules as to 
retirement and rotation are still in forc(\ N(»wly- elected 
aeadeiiiicians liegin their two years* service as soon as tlu‘y 
have received their diploma. The council has, to (piott* 
the “ Instrument,** “ the entire direction and management 
of the business ** of the Academy in all its branches ; and 
also the framing of new laws and regulations, but the 
latter, liefore coming into force, must be sanctioned by the 
general assembly and appioved by the Sovereign. I'hi* 
general assembly consists of the whole body of acade- 
iiiiciauB, and meets on certain fixed dati's and at such other 
times as the business may require ; also at the request 
to the president of any tive members. The iirincijial 
executive otiicers of the Aiademy are the president, the 
kec|Kiir, the treasurer, the librarian, and the 8(»cretary, all 
now elected by the general assembly, subject to the 
approval of the Sovereign. The jiresidcnt is clt‘cted 
annually on the foundation day, lOtli Decemlier, hut the 
appointment is virtually for life. No change has ever 
bcKjn inadij in the conditions attached to this office, with 
the exception of its being now a salaried instead of an un 
salaried ]M)Kt. The treasurership ^ud librarianshij), botli 
offices ongiiially hold not by election but by direct 
appointment from the Hovereign, arc now elective, the 
holders being subject to rc-electiou every tive years, and 
the keeiwship is also held upon the same terms; i^hile 
the secrctaryshii», which up to 1873 had always been 
filled like the other oflices by an academician, has since 
tlien been hekl by a layman. Other officers elect»*d by 
tlie general assembly are the auditors (three academicians, 
one of whom retires every year), the visitors in the 
schools (a(‘ademicians and associates) ; and tlie professors 
of jiainting, sculpture, and architecture — who must he 
members —and of anatomy and cliemistry. There arc also 
a registrar, and curators and tcacliers in the schools, who 
are appointed by the council. 

The thirty- SIX original academicians were named by 
George 111. Their successors have l>een elected, up to 
1867, by academicians only since tliat date by acade- 
micians and associates together. The original number was 
fixed in the “ Instrument ” at forty, and has so leraained. 
Each acadimiieian on his election has to present an 
approved sjiecimen of his work — called his di])loma work 
— liefore liis dijiloma is submitted to the Sovereign for 
signature. On receiving his diploma he signs the Roll of 
institution as an academician, and takes his seat in tlie 
general asscmiVily. The class of associates, out of whom 
alone the academicians can Ikj elected, was founded in 
1769 — they were “to be elected from amongst the 
exhibitors, and be entitled to every advantage enjoyed by 
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tho royal academicians, excepting that of having a voice 
in the deliberations or any share in the government of 
the Academy.” Those exhibitors who wished to become 
candidates had to give in their names at the close of the 
exhibition. This condition no longer exists, candidates 
liaving since 1867 merely to be pro}>o8ed and seconded by 
members of the Academy. On election, th(*y attend at a 
council meeting to sign the Holl of Institution as an 
associate, and receive a diploma signed by the president 
and secretary. Jn 1867 also associates were admitted to 
vote at all elections of members ; in 1868 they were made 
eligible to serve as visitors in the schools ; and in 1 886 
to t)ecome candidates for the professorships of jiaintiug, 
sculpture, and architecture. At first the nuuil)cr of 
associates was limit(*d to twenty; in 1866 the nuinljer wjis 
miide indefinite with a minimum of twenty, and in 1876 
tlie minimum was raised to thirty. Vacancies in tho lists 
of miailemicians and associate's caused by death or resigna- 
tion c*4in ha filled up at any time within five weeks of tho 
event, exa^it in the months of August, September, and 
Otol)cr, but a vaeuncy in tlie associate list caused by 
election only dates from the day on which the new 
academician receives his di])lonia. The mode of election 
is the same in both cases, first by marked lists and after- 
wards by ballot. All who at the first marking have four 
or more votes are marked for again, and the two higliest 
them go to the ballot. Engravers have always constituted 
a separate class, and up to 1855 they W(‘re admitted to 
the assoeiateship only, the numlnir, six, being in addition 
to the other associates; now the maximum is four, of 
whom not more than two may bo academicians. A class 
of honorary retired academicians was established in 1862, 
and of honorary retired associates in 1884. The first 
honorary foreign academicians were elected in 1869. The 
honorary members consist of a chaplain, an antiquary, 
a secretary for foreigu correspondence, and professors of 
ancient history and ancient literature. These jiosts, 
which ilate from the foundation of tho Academy, have 
always been held by distinguished men. 

Hchooh , — Ono of tho most important functions of tho Royal 
Academy, and ono ^vliich for nearly a century it dinchargod 
alone, was tho iiiHiructioii of studeutB in art. Tho lirs^ act, as 
has been shown, of tho nowly-fuuiidod Academy was to ostahlish 
schools- “an Antique Academy” and a “School for the Living 
Modul ” for paint(Ts, sculptors, and architects. In tho first year, 
1769, no fowor than scvcuty-scvoii students entered. A school of 
painting was added in ISlTi, and s])ecial schools of senlpturo and 
architecture in 1871. It would occui»y too much space to follow 
tho various changes tliat have been made in tho schools since their 
establishment. In oim im])ortaiit respjMit, however, they reinuiu 
tho same, viz., in tho instruction being f^ratuitous — no foes have 
over been charged. Up to tho ruiiiuval of tho Academy to its pre- 
sent quarters the schools could not be kept pomianontly ojmti, as 
tho rooms occupied by them were wanted for tbo exhibition. They 
are now open all the year round with tho exception of a fortnight 
at Christmas, and thc> months of August and Siqitomber. They 
consist of an antique school upper and lower schools of }»ainting, 
a school of drawing from the life, a school of modelling from the 
life, and an architectural school. Admission is gamed by sub- 
mitting certain specimens of drawing or inodelliiig, aiiii tho 
successful candidates, called probationers, have then to undergo 
a further tost in the schools, on passing which they are admitted 
as students for throe years. At tho end of that turn* they aro 
again examined, and if qualified admitted for a further term of 
two years. These examinations aro held twice a year, in 
January and July. Female students were first admitted in 
1860. There aro many scholarships, money prizes, and medals 
to be gained by tho various classes of students during tho 
time of studentship, including travelling studentships of tho 
value of £200 for one year, gold and silver medals, and prizes 
varying from iJfiO to £10. There are permanent curators and 
teachers in all tlie schools, but the principal teaching is done by 
the visitors, academicians, and associates, elected to serve in each 
school. The average cost of maintaining these schools, including 
salaries, fees, cost of models, prizes, books, maintenance of 
building, Ac., has been for the last thirty years from £5000 to 
£6000 a year. This sum does not include tho cost of certain 
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scholarships and prizes derived from moneys given or bequeathed 
for this purpose, suoh as the Landseer Bcholarshins, the Creswick 
prize, the Armitage prizes, and tho Turner scholarship and gold 
medal. c 

CharUUs. — Another of the principal objects to which the 
profits of the Royal Academy have been devoted has been tho 
relief of distressed artists and their families. From the oom- 
menoement of the institution a fund was set apart for this 
purpose, and subsequently a further sum was allotted to provide 
pensions for necessitous members of the Academy and their 
widows. Both these funds wore afterwards merged in the 
general fund, and various changes have from time to time been 
made in the conditions under which pensions and donations have 
been granted and in their amount. At the present time pensions 
not exceeding a certain fixed amount may bo given to acade- 
micians and associates, sixty years of age, who have retired and 
whoso circumstances show them to be in need, provided tho sum 

g ’ven does not make their total annual income exceed 4 cortoin 
nit, and tho same amounts can be given to their widows subject 
to the same conditions. No pensions are granted without veiy 
strict inquiry into the circ'umstances of the applicant, who is 
obliged to make a yearly declaration as to liis or l?er income. 
The average annual amount of these pensions has been latterly 
about £2000. Peusioiis arc also given aeconling to the civil 
service scale to certain uffieers on rotiroinent. It may be stated 
hero that with the exception of these pensions and of salaries 
and foes for official services, no mom her of tho Academy derives 
any pecuniary benefit from tho funds of tho institution. Dona- 
tions to distressed artists who aro or have been exhibitors at 
tho Royal Academy, their widows and children under twenty-one 
years of age, are inaile twice a year in February and August. 
The maxiniuiri amount that can bo granted to any one applicant 
in one donation is £100, and no one can receive a grant more than 
once a year. The average yearly amount thus exjieuded is from 
£1200 to £1500. In addition to these chanties from its genoral 
funds, tho Academy adnanisieis for the benefit of artists, not 
memborvS of tho Academy, cerium other funds which have been 
btM|ueathcd to it for charitable purposes, viz., tho Turner fund, 
the Oonsins fund, tho Cooke fund, the Newton bequest, and the 
Kdwanls funds,(«f’<{ below). 

JCxJttb'Utons. — The source from which have been derived the 
funds for carrying on the varied work of tho Royal Academy, its 
sc'hools, its cliaiilLos, and general cost of administration, and 
which has enabled it to spend large Hums on building, and 
provided it wdth the meaiiH of maintaining tho buildings, has 
Dcon tho annual exhibitions. With tho exception of tho money 
left by John Gibson, R.A., some of which was spent m building 
tho gallery containing the statues and has-rchefs bequeathed by 
him, these exhibitions have provided the solo sourc'e of revenue, 
all other inuiieys tliat have come to tho Academy having been 
either left in trust, or been cons titu tod trusts, for certain specihc 
purposes. The lirst exhibition in 1769 contained 166 works, of 
whit'h more than one half worn contributed by members, and 
brought in £699:17:6. In 1780, tho first year in which the 
rocei])ts exceeded tho expondituro, tho number of works was 
489, of which nearly oiie-third wore by members, and the sum re- 
ceived was £3069 : Is. This increase continued gradually with 
fiuctuatious, and in 1836, tho last year at Somerset House, the 
number of works was 1154, and the receipts were £5179 : 198. 
No great addition to tho nurahor of works exhibited took jilace 
at Trafalgar Square, hut tho receipts steadily grew, and their 
careful Tiianageiiient enabled tho Acadomy, when tho tune came 
for moving, to erect its own buildings and becuiiie no longer 
dependent on tho Govornniciit for a home. The greater space 
afibrdod by tho galleries at Burlington House rendered it possible 
to incroaso tho num))or of works exhibited, whicli of lato years 
has reached a total of over 2000, while tho rccoipts have also 
boon such as to provide the means fur further building, and for 
a largely increased expenditure of all kinds. It may be noted 
tliat tho number of works sent for exhibition soon began to 
exceed tho space available. In 1868, tbs last year at Trafalgar 
Square, the number sent was 3011. This has gone on iiicreaaing, 
with occasional iluetuatioiis, at Burlington House, and the year 
1900 saw the uiaxiiiiuiii, so far, of 13,462. Tlie annual winter 
exhibition of works by old masters and deceased British artists 
was begun in 1870. It was never intended to be a source of 
revenue, but appreciation by the public has so far prevented it 
from beiiij^ a cause of loss. Tlio summer exhibition of works by 
living artists opens on the first Monday in May, and closes on the 
first Monday in August. Tho winter exhibition of works by 
deceased artists opens on the first Monday in January, and closer 
on tho second Saturday in March. Tlie galleries containing the 
diploma works, tho Gibson statuary, and other works of art are 
open daily, free. • 

PrcBtdents of the Royal Academy, — Sir Joshua Reynolds, 1768- 
92; Benjamin West (resigned) 1792-1805 ; James Wyatt 
(president-elect), 1805; Berjamin West (re-elected), 1806-20; 
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Sir Thomas Lawrence, 1820-80 ; Sir Martin Amber Shoo, 1830- 
50 ; Sir Charles Lock Eastlake, 1850-65 : Sir Francis Grant, 
1866-78 ; Frederick, Lord Leighton of Stretton, 1878-06 ; Sir 
John Everett Millais, Bart., 1896 ; Sir Edward John Poyuter, 
1896. • 

The total number of academicians elected since the foundation, 
exclusive of the 36 ori^ual members, is 192, of whom IM 
received their art education in the Academy schools. The total 
number of associates elected since the foundation, who have not 
reached the higher ^rade, inclusive of the 80 now living, is 
103, of whom 46 received their art education in the Academy 
schools. 

The total number of students admitted since 1769 is 4697, 
making a yearly average of about 36. The number at present on 
the books is 172. 

The library contains about 7000 volumes, dealing with the 
history, the theory, and the practice of the various br.tiiohes of 
the fine arts, some of them of great rarity ami value. It is oi>en 
daily to the students and members, and to other persons on a 
prmier introduction. 

The trust funds administered hv the Royal Academy am — 

The Tanwr fuvui (J. M. W. turner, R.A.), which provides 
sixteen anututies of £50 each, fur artists of repute not members 
of the Academy, also a biennial scholarship of and a gold 
medal for a landscape ]>ainliiig. 

The Cfumtrey fu,iui (Sir Francis Chau trey, R.A.), the income 
of which, paid over by the Chautrey trustees, is spent on pictures 
and sculpture. 

The Crexwiek fund (Thomas Cregwick, R. A ), winch provides an 
annual prize of for a landscape painting in oil. 

The Cooke fund (E. W. Cooke, R.A.), which provides two 
annuities of £85 each, for painters not members of tlio Academy, 
over sixty years of age and iii need. 

The Landaecr funtl (Charles Landseer, R.A.), x^hich provides 
four scholarships of £10 each, tx\o in painting and Imo in 
sculpture, tenable for two years, open to students at the end of 
the iirst two years of studentship, and given for the best work 
done during tiie second year. * 

The Armitage fund (E. Arniitagc, R.A.), which provides two 
annual prizes of £30 and £10, for a chisign in monochrome for a 
figure picture. 

The Ooimns fund (S. Cousins, R.A.), which provides seven 
annuities of £80 each for deserving artists, not mondiers of the 
Academy, in need of assistance. 

The iiewton bequest (II. C. Newton), which ]3rovi(lcs an annual 
sum of £60 for the indigent widoxi of a p miter. 

The JHzo fuivd (.Tohn Bizo), to he used iii the scientiiic in- 
vestigation into the nature of pigments and varnisheK, Ac. 

The JMwards fund (W. J. Edwards), producing £10 a year for 
the henctit of poor artists or artistic engraxers. 

The Leighton bequest (Lord Leighton, P.ILA.), received from 
Mrs Orr and Mrs Matthews in memory of tlicir brother, the iii- 
como from which, about £800, is to bo expended on the decoration 
of imblic places and buildings. 

The literature concerning the Royal Academy consists 
chiefly of pamphlets and aiticdes of more or loss ophemoral value. 
More serious works are ; AVilliam Sanduy. The History of the 
jRoyal Academy of Arts, Loudon, 1862 (withdrawn Iroin circula- 
tion on a question of copyright). — Jteport from the iielect Com- 
mittee on Arts and their CouTicxion vnth ManufartureSf iHth the 
Minutes of Kmdenc/e and Appendix, London, 1886.— lieport of 
the lioyal Commission on the Hoynl Academy^ vdih Minutes of 
Evidence and Appendix, London, 1863 . — Martin Auc heii Suek. 
The Life of Sir M, A. Shee, P,R,A, London, 1860. — C. R. Leslie, 
R.A. and Tom Taylor. Life and Times of Sir Joshua Reynolds^ 
P,R,A, London, 1866. — J. E. Hodgson, R A. (the late), and 
Fred. A. Eaton, Sec. R.A. **The Royal Academy in the Last 
Century,” Art Journal, 1889-91. Biit the chief sources of infor- 
mation on the subject are the minute-books of the council, and of 
the general assembly, and the annual reports, wliich, hoxvever, 
only date from 1859. (p. a. E.) 

Accident. Soo Insurance. 

ACCCUnt. a term used cliicliy on tlio Stock Exchange 
to designate eitW the iiericxiical settlement itself or the 
interval between one periodical settlement and the next. 
In most securities the transactions which have been 
effected are settled twice a montli. For transactions in 
consols and a few kindred securities, such as India stocks, 
the regular settlement occurs only once a month, but a 
considerable jiart of the business in them is done **for 
cash,^ 1 .C,, for settlement immediately. For most securities 
except mining shares the settlement extends over three 


days, the account or settlement in mining shares occupying 
four days. The first of these days is called the “ carrying- 
over'* or "making-up** day, and is employed in adjusting 
the accounts open between the class of speculators known 
as " bulls,” who buy securities for which they do not wish 
to pay in the hojie of selling them before the settlement 
at higher prices, and that known as “bears,** vxho sell 
securities which they do not possess in tlui liope of buying 
them before the settlement at lovxer i»iiccs. Tlu‘ secoiui 
day, where there are three, and the seconrl aiul third 
days, where there are four, are the “ th‘ket days ’ or “ nann* 
days,** when purchasers of registered securities ]3ass to 
the sellers tickets setting forth the names into whieli Iho 
same are to bo transferred. I'he last is the “ pay day,” 
“settling day,** or “account day,’* when money balances, 
or “differences,** have to be met, and brokers who liave 
purchased securities must bo prepared to ])ay for them on 
delivery. Much of the work of the Stock Exchange 
account is carried out by a dejjartment of that institution 
corresponding to the bankers’ clearing house. Its function 
is to bring into direct communication the ultimate buyer 
and the ultimate* seller as represented by their i*esi>ectivc 
brokers, thus eliminating, for the purposes of the settle 
meut, the middleman known as the “dealer” or “jobber.” 
The further returns of the bankers* clearing house, con- 
cerning which, in illustration of the financial impurtance 
of the account, figures were given in the nintli edition 
of the Encyclopaedia ]jritan7Uca (i. 91) down to 1873, are 
as follows : — 



On fourths of 

On Stock Exrhan(;e ! 

On Cnntiola 


the Month. 

Account Daye. 

Settling 

lfi73 

£272,156,000 

fl, 038, 257, 000 

£249,755,000 

1874 

265,127,000 

1,010,4.50,000 

200,244,000 

1876 

246,810,000 

1,043,404,000 

251,572,000 

1876 

225,936,000 

701,091,000 

225,948,000 

1877 

282,680,000 

744,086,000 

228,254,000 

1878 

217,758,000 

795,443,000 

227,241,000 

1879 

213,348,000 

842,937,000 

225,381,000 

1880 

236,809,000 

1,151,867,000 

255,224,000 

1881 

253,133,000 

1,383,430,000 

278,864,000 

1882 

238,150,000 

1,228,916,000 

278,387,000 

1888 

239,080,000 

1,058,703,000 

254,020,000 

1884 

242,659,000 

960,623,000 

208,3.52,000 

1885 

221,873,000 

935,084,000 

249,327,000 

1886 

215,519,000 

1,198,557,000 

263,497,000 

1887 

256,469,000 

1,115,842,000 

297,199,000 

1888 

272,091,000 

1,2.52,466,000 

332,470,000 

1889 

290,117,000 

1,338,812,000 

.351,690,000 i 

1890 

289,107,000 

1,416, .543, 000 

358,598,000 

1891 

264,.501,000 

1,007,403,000 

314,807,000 

1892 

260,422,000 

1,022,704,000 

299,405,000 

1898 

268,084,000 

1,002,664,000 

300,478,000 

1894 

261,517,000 

901,455,000 

301,448,000 

1895 

283,610,000 

1,304,679,000 

345,440,000 

1896 

290,681,000 

1,162,860,000 

380,3.54,000 

1897 

302,123,000 

1,113,682,000 

.362,010,000 

1898 

331,267,000 

1,231,847,000 

402,801,000 

1899 

359,088,000 

1,544,295,000 

403,042,000 

1900 

372,463,000 

1,339,571,000 

438,12.5,000 


(s. I). H.) 


Accountants. — The term “accountant** is one to 
which, of late years, its original meaning has been more 
generally attributed — that of an exjiert in the science of 
book-keeping. It is somotiraes adopted by book-keeiiers, 
but this is an erroneous application of the term ; it jiroperly 
describes those competent to design and control the sys- 
tems of accounts required for the record of the multifarious 
and rapid transactions of trade and finance. It assumes 
the possession of a wide knowledge of the principles 
upon which accountancy is based, which may be shortly 
described as constituting a science by means of which 
all mercantilo and financial transactions, whether in money 
or in money*s worth, including oj»erations completed and 
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engagomentH undertaken to be fulfilled at once or in a 
future, however remote, may be recorded ; and this science 
comprises a knowledge of the methods of preparing 
statistics, whether relating to finance or to any transactions 
or circumstances which can be stated by numeration, and 
of ascertaining or estiTnating on correct bases the cost of 
any operation whether in money, in commodities, in time, 
in life, or in any wasting property. (Tenerally, accountancy 
may bo described as being the science by means of which 
all 0 ])erations, as far as they are cajiablc of being shown in 
figures, are accurately recorded and their results ascertained 
and stated. 

The origin of the j^rofession of accountancy in Great 
Britain is difficult to trace ; auditors of accounts were 
naturally of very early existence, being men- 

* tinned as officers of importance in the statutes 

of Westminster in the reign of Kdward I. Thfi art of 
accountancy on a scientific principle must certainly have 
lx)en understood in Italy l)eforo 1495, when PViar Lucas do 
Borga published at Venice his treatise on book-keeping ; 
but the first known English book on the science was pub- 
lished in London by John Gouge or Gough in 1543. It is 
described as A Projitahle Treatyc4^ called the InetirwnmLt 
or Poke to learn to kmme the ymd on'ikr of the kepyng of 
the famrnuie reconywje^ called in Latin^ Dare and Ifaherty 
and^ in Enylynhe^ Debitor awl Creditor, A short lK)ok of 
instruction was also published in 1588 by John Mellis of 
Southwark, in which he says, “ I am but the renuer and 
revivor of an auncient old copic printed hero in London 
th(i 14 of August 1543: collected, published, made, and 
set forth by one Hugh Oldcastle, Scholemaster, who, as 
ai>f>ear()th by his trwitise, then taught Arithiiiotike, and 
this b(3oke in Saint Ollaves parish in Marko l^ane.*^ John 
Mellis refers to tlic^ fact that the j)rinci])lc of accounts he 
explains (Avhicli is a sim])le systcun of double entry) is “after 
the formic of Venice.^’ The very interesting and able book 
described as The MereJumtsi Mirronr^ or directions for the 
perfect orderiny and keeping of his accounts; framed by 
way of Debitor and Creditor^ after the {so tearmed) Italian 
manner^hy liichard Daffornc, accountant, jmblished in 1635, 
cr)ntains many fefereiicos to early books on the science of 
accountancy, in a chajiter in this book, headed “ Opinion 
of Book-keeping’s Autiipiity,” the author states, on the 
authority of another writer, that the form of book-kee])ing 
referred to had then been in use in Italy about two 
hundred years, “^but that the same, or one in many |)arts 
very like this, was usetl in the time of Julius Ca'sar, and 
in Home long before.” He gives quotations of Latin 
book-keeping terms in use in ancient times, and refers to 
“ox Oratione Ciceronis pro Roscio Comiedo”; and ho 
adds: “That the one sitle of their hooke was used for 
Debitor, the other for Creditor, is manifest in a certainc 
place, Naturalis Historian Plinii, lib. 2, cap. 7, where hce, 
speaking of Fortune, saith thus : 

lluio Oiimia Kxponsn, 

Hide Ornida f'eruntur aceepta ct in lota liationr mortaliuni 
sola Utraimpie Pa;;inam facit.” 

An early Dutch writer apptjars to have suggested that 
double entry book-keeping was even in existence among 
the Greeks, pointing to scientific accountancy having been 
invented in remote times. 

There were several editions of Richard Daflbrne’s book 
printed — the second edition having been published in 1636, 
the third in 1656, and another was issued in 1684. The 
hook is a very complete treatise on scientific accountancy, 
it was beautifully prejiared and contains elaborate explana- 
tions ; the numerous editions ttmd to jirove that tlio 
science was highly appreciateil in the 17th century. From 
this time there has been a continuous supply of literature 
on the subject, many of the authors styling themselves 


accountants and teachers of the art, and thus proving that 
the professional accountant was then known and employed. 
Very early in the 18th century the services of an 
accountant practising in the City of London ^eie made use 
of in the course of an investigation into the transactions of 
a director of the South Sea Company, who had been deal- 
ing in the Company’s stock. During this investigation the 
accountant appears to have examined the books of at least 
two firms of merchants. His re^iort is described Observa- 
turns made upon eraminimj the hooks of Sawbridge and 
Company^ by Charles Snell, Writing Master and Account 
ant in Fo.ster Lane, London. 

In 1799, when Holden’s Triennial Directory of Londony 
WestminsUry and Simthtoark was first published, 11 indi- 
viduals and firms were therein described as accountants ; 
in the same Directory, for the period 1809-11, the number 
had risen to 24; and in that for 1822-24, there were 73 
firms of practising accountants recorded. • 

It will be noticed that the English books dealing with 
scientific book-keeping, to which reference has been made, 
were written at a time when the English and Dutch 
were very actively engaged in foreign trade, in succession 
to the Italian merchants of the 14th, 15th and 
1 6th centuries ; but it was not until the begin- Moitera 
ning of the 1 9th t^uitury that, in consequence 
of the adoption of improved methods of manu- 
facture and transit, resulting from the application of water 
and steam power to manufactures and methods of convey- 
ance which largely increased the trade of Great Britain, 
the profession of an acqpuntant became one which men 
of scientific knowledge and cai)acity adopted for their 
business career. Corporations and comjianies were 
formeil to carry out large oj)eration8 previously either 
left to the State or not undertaken, and for the de- 
velopment of trades and manufactures which wore 
becoming less profitable when carried on by hand labour 
and with limited capital ; and, for these, the services of 
public accountants were necessarily required to devise 
systems of accounts and methods of control, and to enable 
the results of the various transactions carried on to be 


ascertained with the least wastcj of power or chance of loss 
by negligence or fraud. The large number of coin|)anie8 
formed in 1843 and 1844, when a great amount of capital 
was invested in railways and extensive speculation resulted, 
also added to the demand for the services of profes- 
sional accountants. The Companies’ Clauses Consolida- 
tion Act made provision for the audit of the accounts of 
comjKinies regulated by Act of Parliament and gave some 
extensive powers to the auditors, who are now, to a very 
large extent, selected from among professional accountants. 
The Compinies Act of 1862 led to a largo extension of 
the business of aci’ountants, both as auditors and liquid- 
ators of companies ; and the Acts relating to Imnkruptcy 
jHissoil between the years 1831 and 1883 added to the work 
devolving on professional accountants. The (kim^ianies 
Act 1879, w'hich atfected banking companies, made pro- 
vision for the audit of their accounts, and it has lx3en 
found desirable, in most (*ases, to appoint professional 
accountants to this duty. The experience and jirofessional 
knowledge of trained accountants have, in fact, been 
utilized by their appointment as auditors in the majority 
of joint-stock comjmnies, whether manufacturing, banking, 
trading, or created for any other purpose. Until the 
Companit's Act 1900 was jiassed there was no general 
obligation upon limited companies to have auditors ; this 
Act not only • requires that auditors shall 1x3 appointed 
ill all cases, but jirovides for their remuneration, and to a 
limited extent defines their rights and duties. This modi- 
fication of the law relating to comiianies will doubtless 
have a beneficial offoct upon their management, as it pro- 
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Tides a very necessary control upon the operations of 
directors, and enables the shareholders to obtain an inde- 
pendent opinion on the transactions and position of the 
companies in 'ifthich they are interested. The Legislature 
evidently did not iind it easy to formulate at all clearly 
the duties of auditors, and it seems reasonable to suppose 
that any general definition vdll prove an impossibility, 
as the work which auditors undertake must vary very 
widely, and depends largely upon the scope of the o|)era> 
tions the accounts of which are to be examined ; at the 
same time, th^ provisions made mark a distinct advance 
in company law, and will probably create a considerable 
increase in the demand for the services of accountants. 

The duties of practising accountants cover a very wide 
area; they act as trustees, liquidators, receivers, and 
managers of businesses, the owners of which are 
“ in default or their alfairs in licjuidation, both 

under the direction of the courts and by appointment of 
creditors and others ; they are largely engaged as arbi- 
trators, umpires, and referees in difierences relating to 
matters of account or finance ; they prepare the accounts 
of executors and trustees, anrl the necessary statements of 
affairs in cases of bankruptcy, both of firms and companies ; 
they prejiare accounts for prosecutions in cases of fraud 
and misconduct ; and they are constantly called upon to 
unravel and properly state the accounts of complicated 
transactions. Their services are commonly reciuircd to 
certify the profits of businesses intended to be sold, either 
privately or to comiwinios by means of a published 
prospectus ; and, in cases of compylsory purchases of busi- 
nesses by railway companies and public bodies, the state- 
ments of the profits of the businesses to ho acquired arc 
generally made by them. In a very large number of 
financial operations they are called upon to give advice 
and prej;)are accounts, and in few business matters requir- 
ing arithmetical calculations or involving the investigation 
of figures, and particularly where a considerable acquaint- 
anceship with the principles of law is needed, are their 
services not utilized. One ()f the most important duties 
undertaken by accountants is the audit of accounts, and 
this duty has, of late years, Iwen widely extended. 
Originally, auditors were appointed to examine and vouch 
statements of receipts and piyments ; but the provisions 
made in jVets of Parliament in relation to audit, and the 
requirements of most articles of association of limited 
Auditors much graver responsibilities on 

" auditors, who are now generally recpiired to 

certify to the accuracy of balance sheets and of revenue 
and other accounts, the performance of which duties in- 
volves far more knowledge of accounts than was once re- 
quired. The efficiency, in most cascs, of audits conducted 
by skilled accountants has led the public to attach excep- 
tional value to their audit certificates, and to demand 
extensive knowledge and ability in the conduct of 
the audit of the accounts of public companies. One 
other requirement which is generally regarded as 
indispensable, is that the work of audit should be 
very expeditiously performed; for it is easy to under- 
stand that, were the presentation of the accounts of a 
company and the distribution of dividends materially 
delayed in consequence of the audit, much inconvenience 
would result, while the value of the criticism of the 
accounts of business operations would be much deteriorated 
if it could not be made very shortly after the accounts 
were closed. In these circumstances, in the cases of 
large concerns with wide ramifications and numerous 
transactions, it is necessary that auditors should have the 
help of trained assistants, and thus the personal examina- 
tion of details by the auditor himself is, to a large extent, 
rendered unnecessary and the cost of audit materially re- 


duced. This delegation of duty by auditors is generally well 
understood, and is in accordance with the requirements of 
those concerned ; but there has been a tendency of late 
years to enlarge the responsibilities of auditoi s to an ex- 
tent which, if i)ersisted in, might render it dangerous for 
men of reputation and means to accept the <liitics It is to 
be hoped that future legislation may, on the one hand, 
secure the faithful performance of difficult work by com- 
petent men ; and, on the other, not lea\e an auditor 
responsible to the extent of his means citlier for some 
carelessness on the part of a clerk, or for au inaccurate 
decision at a time of pressure on a matter resjiecting 
which he is probably unable to obtain c()mi>etent advice 
without disclosing that which it is his duty to keep 
secret. 

While the number of practising accountants has of late 
years been steadily increasing and their services are 
correspondingly appreciated, the necessity for 
controlling those exercising the profession and 
for improving its status has naturally become 
apparent. The first important steps in this direction were 
taken by the accountants in Scotland — tlio Society of 
Accountants in Edinburgh being incorporatetl by ro^al 
charter in 1 854 ; similar societies in Glasgow and Alier- 
deen being also incorporated by charter in 1855 and 1867. 
The Institute of Accountants was formed in London in 
1870, but did not receive a royal charter until the 11th 
May 1880, when all the then existing accountants’ societies 
and institutes in England were incorporated as the Insti- 
tute of Chartered Accountants in England and Wales, and 
means were provided by 'which all the then practising 
accountants in these countries could claim mcmliership 
thereof. In the year 1885 the Society of Accountants and 
Auditors was incorporated, but has obtained no charter ; 
this body, wffiile numbering among its members a con 
sidemble number of practising accountants in the United 
Kingdom, also includes treasurers and accountants to 
cities and boroughs in England, as well as clerks to 
chartered and other accountants. A large ])roportion of 
its members also consists of accountants 2 >ractisjjig abroad. 
In 1888 an Institute of Chartered Accountafits was formed 
in Ireland, and a great many institutes and societies have 
been formed in the British colonies and in the United 
States, some of which have local charters. It is curious to 
note, however, that, outside the United Kingdom, it was 
only in the British colonies, and lately qj America, that 
associations of practising accountants existed, until, in 
1895, an Institute of Accountants was founded in 
Utrecht for Dutch accountants; when, although the 
principles of accountancy have been well understood 
and practised in Holland since the 16th century, and 
probably earlier, it was found necessary to borrow the 
'words “ accountant ” and “ accountancy ” from the English 
language to convey to the Dutch an idea of the meaning 
of the terms. 

The Institute of Chartered Accountants in England 
and Wales, on the Ist June 1900, numbered 2674 
members, of whom 1975 were practising in England 
and Wales, and 97 were practising abroad ; the majority 
of the other members (602) having passed the qualifying 
examinations of the Institute. In the three chartered 
bodies in Scotland there were, at the end of 1899, 698 
members, of whom about four-fifths were in practice ; and 
the Irish Institute numbered 50 members, of whom 42 
wer:, in practice. The list of 1290 members of the Society 
of Accountants and Auditors in the United Kingdom, 
dated June 1900, does not enable a classification to be 
made between those practising as accountants and those 
otherwise engaged ; but it may fairly be assumed that 
about five-eighths of this number were practising. Making 

S. I. — 4 
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an allowance for public accountants who are not members 
of any of the institutes and societies mentioned above, it 
would appear that about 4000 persons were, at the begin- 
ning of the year 1900, practising as public accountants in 
the United Kingdom. (j. o. Oa) 

Aconu Bee Gold Coast. 

Accrlng^tonp a municipal borough (1B78), in the 


Accrington parliamentary division of Lancashire, England^ 
19 mil^ N. of Manchester by rail. Modem erections are 
Established, Free, Congregational, Baptist, and Methodist 
churches, and a municipal technical scho^. Dye-works, 
chemical manufactures, and manufactures of machinery 
for the cotton-mills have been established. Area, 3425 
acres. Population in 1881, 31,435; in 1891, 38,603; 
in 1901, 43,076. 


ACCUMULATORS. 


T he early study of electrolysis made scientific men 
dicquainted with what were called secondary currents 
and polarization. The former were first used by Grove, 
whose gas bittory may bo called the first accumulator; but 
systematic search for the best effects was not undertaken till 
1859, whem Plants began a masterly and fruitful investi- 
gation. He soon produced his well-known battery, a coll 
with higher electromotive force and greater current-yielding 
I)owor than any other practical combination. He obtained 
these results by putting load plates into dilute sulphuric 
acid and sending a current through ; aft(ir a few nsversals 
ho found one ])late to l)e c<wercd by peroxide of lead, the 
other with a porous mass of lea, cl. Ho set himself to 
nccurmdate cncMgy in the cell, by which ho meant the 
formation of a quantity of the active materials. The 
names given to J*lant('‘’s first cell have Iteen frequently 
misunderstood. The tcjrnis secondary battery, storage 
l)attory, and a<‘cumulator have been taken to indicate that 
there was an accumulation or storage of electricity or of 
electric current ; but the error is not ]*lantc^s, as is clear 
from his declaration that his couple is able to give dis- 
charges of long duration, or to rebiin its charge for a long 
time, “et d’emiimgasiiier ainsi le tnwnil de la 

pile voltai<|iie.” The value of the (jell arises from a happy 
combination of pi-oiHjrties. The three active materials 
are peroxide of lead, spongy iiudalhe lead, and dilute 
sulphuric acid. Of these, the peroxide is an excellent 
depolarizer ; the lead is a sufficiently good electropositive 
metal; and the dilute sulphuruj acid has a very high con- 
ductivity for an oleetrolyto. Moreover, the two solid 
Bubstances are not only themselves insoluble in the dilnto 
acid, but the sul]fiiate of lead formed from them in the 
course of discharge is also insoluble. Consequently, it 
romaina fixed in tin* i>lace where it is formed ; and on the 
passage of tlie eliarging current, tin? original PhO^ and Pb 
are reproduced in the jilaces they originally occupied. 
Thus theio is no material change in the distribution of 
masses of active material. I justly, the active materials 
an^ in a ])orous, spongy condition, so that the acid is 
within reacli of all parts of them. The nssistance of tho 
cell is low, while the eni?rgy of the chemical action to 
which it gives ri.so imparts a high electromotive force. 


Plante carefully studio*! tlio changes '^^hich occur in tho forma- 
charge, and discharge of the coll. In forming, 
* he idaced twi> shoots ol load in sulphuric acid, soparat- 
’ mg them by narrow strips of caoutchouc (Fig. 1). 

When u charging current is sent through tho coll, the hydrogen 

liberated at plate A 
csoa])es, a small quantity 
possibly being spent in re- 
ducing the surface film of 
oxide generally found on 
lead, Some of the oxygen 
IS always fixed on tho 
jjositivc plate B, forming 
a surface film of jieroxido. 
After a few minutes tho 
current is reversed, plate 
A is ])eroxidized, while the 
peroxide pi*eviously formed on R is reduced to uiotallio lead in a 
spongy state. By rojioated reversals, the surface of each plate is 
alternately |ieroxi(Hzed and reduced to motallio lead. In successive 
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oxidations, tho action penetrates farther into tho plate, furnishing 
each time a larger quantity of spongy PbOg on one plate ana 
of s|>02i^ Ifiad on tho other. It iollows tliat the duration of the 
successive charging currents also increases. At tho begluning, a 
few minutes suffice ; at the end, many hours are roc^uired. After 
the first six or eight cycles, Plants allowed a period of repose 
before reversing. He claimed that the PbOa formed by reversal 
after repose was more strongly adherent, and also T]|ore crystalline 
than^ if no repose were allowed. Tho following figures show the 
relative amounts of oxygen absorbed by a given plate in suc- 
cessive charges (between one charge and the next the plate 
stood in refioso for the time stated, then was reduced, and again 
charged as anode) : — 


Beparato Periods of 

Charge. 

Relative Amount of 

Hf^poso. 

Peroxide toriried 


First 

1-0 

18 hours 

Sec'cnd 

1 ':>7 

2 (lays 

Thud 

1 71 

4 M 

Fourth 

2-H 


Fifth 

1 


and BO on for many days.r~ (Gladstone and Tiibo, (flirmistrif of 
Secondary Batteries), Seeing that each j)kte is in turn oxidized 
and then reduced, it is evident that the spongy lead ^ ill increase 
at tho same rate on tho other ]dato of the coll. Tho process of 
** fonning " thus briofly desenbod vras not continued iimcfinitely, 
but only till a fair proportion of tho thickness of the plates was 
converted into ilio spongy material, Pb()., and Pb respectively. 
After this, revet sal was not permitted, the cell being put into 
use and always charged in n given direction. If tho jn'ocess of 
forming by reversal be continued, the ])Ositive plate is ultimately 
all converted info PbO.2 and falls to pieces. 

Plants made cx<!clleiit cells by tins method, yet three objec- 
tions were urged against them. Th(*y re({uired too much time to 
“ form the spongy masses (PbO., more especially) fell off for 
want of mechanical support, and the separating stiips of caout- 
chouc were not likely to have a long life. The fir.st advance 
was made by Faure (1881), wdio greatly shoi toned the time required 
for fonning” by giving tbe plates a prolimiiiaiy coating of red 
lead, whorob}' the slow process of biting into the metal was 
avoided. At the first charging, the red lead on the + electrode is 
changed to PbO.., while that on tho - clectro<lc is reduced to 
8|)0ugy lead. Tlius one continuous operation, lasting peihaps 
sixty hours, takes the place of many reversals, which, with 
periods of ropo.se, last as much as three months. Faure use(l 
felt as a se})arating meinbruno, but its use ^\as soon abolished 
by methods of construction duo to Volckmar, Selloii, Swan, and 
others. Tlicso inventors put tho paste not on to plates of lend, 
but into the holes of a grid, which, when carefully designed, 
affords good mechanical support to tho spongy masses and docs 
away with tho nceossity for felt, &c. TJiey are more satisfactory, 
how’ever, as ’supporters of spongy lead than of tho peroxide, since 
at the point of contact in the latter oa&e tho acid gives rise to a 
local action, which slowly destroys the md. Jfisintogratioii 
follows sooner or later, though the best makers are able to defer 
tho failure for a fairly long time. Efforts have been made by 
Tribe, Fitzgerald, and others to dispense with a supporting grid 
for the positive plate, but these attempts have not yet been 
successful enough to enable them to compete with the other 
forms. 

Tho following description of well-know^n forms of cells 
will illustrate the methods adopted at the present time. 

Plante Type, — ‘‘Chloride Accumulator” colls derive 
their name from tho fact that chloride of lead is used 
in making tho negative plates. There is no chloride 
chlorine or chloride in the cell when ready aeeumtf 
for use. For tho negative plates, the -chloride ^•tore, 
of lead is melted in large iron pans at a temperature of 
about 600” C., and then carried by plumbago crucibles to & 
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mould, where it is cast into short hexagonal prisms or 
pastiUes. These are arranged in the bottom half of a 
plate mould, the top half of which is permanently fixed 
• to a hydraulic press ; 

the press is clos^ and 
molten lead is in* 
jected under a pres- 
sure of 150 Ib per 
square inch, to fill 
in the spaces between 
them. They are thus 
embedded in a lead 
plate whose thick* 
ness is equal to their 
own length, their 
ends being fiush with 
the faco of the plate. 
The chlorine has now 
to be extracted, 
which is done by 
putting the plate b^ 
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which form the positive plate becomes covered with 
peroxide. 

In the “Monobloc” cell, the general appearance and 
arrangement of which are shown in Fig. 4, the positive 
block is built up of corrugated sheets of lead, 
perforated by rectangular holes. When these 
perforated sheets have been laid on each other ^ 
to a height of about 9 inches, and the four corners 
burned to stout lead 
fillets, a very com- 
pact block is ob- 
tained, to all parts 
of which acid is able 
easily to penetrate. 

The negative plate 
consists of a series 
of rods, each having 
a lead core on which 
lies si)ongy lead. 

These are burned to 
a lug at the top, and each rod being enclosed in a ]>i?r- 



twoon sheets of zinc in chloride 9 f zinc 
solution, when the zinc takes chlorine 
from the lead chloride, and leaves the 
metallic load in a lincly-divided, porous 
condition in the space previously occu- 
pied by the chloride. After several wash- 
ings, the plate is made a negative pole 
in sulphuric acid f(»r a little while, to 
ensure absolute freedom from chlorine, 
and is then ready for use. Fig. 2 shows 
the negative plate iu position in a cell. 

The holes in the hexagonal plugs are to facilitate diffusion 
of acid. For the positive plates, lead grids are first cast 
under pressure, the mould being arranged to give a plate 
of lead 0*4 inch thick, pierced by a number of circular 
holes about half an inch in diameter with slight counter- 
sinks on the faces. Into each of these holes is thrust 
a roll or rosette of load ribbon, which has first been cut to 
the right breadth (equal to the thickness of plate), then 
ribbed or gimjKjd, and finally coiled into a rosette. The 
rosettes have sufficient spring to fix themselves in tho 
circular holes of tho lead plate, but are keyed into jiosition 
by putting tho plate through a hydraulic press. The 
jdates are then put into tanks with temporary negatives, 
and a current is passed for a long time, w'hereby the 
rosettes become coated with a fine adherent hard crystal- 
line peroxide. The cell can bo discharged at very high 
rates ; one scpiare foot of jdate will give a current of 40 
amperes when necessary. 

A second cell of the Plante typo is that known as the 
“d.p.” Its construction is very simple (Fig. 3). A number 
of corrugated lead strips, about one quarter of 
an inch >vide, are piled to a height of 7 or 8 
inches, and their ends are burned together. 
Thus a plate is Wined through which the acid can easily 
pJBS. A number of such plates are joined together to 
form the positives, the negatives being fonned by pasting 
a somewhat similar framework with litharge. Having 
put tho two sots of plates into the cells, a prolonged 
charging current is sent through ; the litharge is reduced 
to spongy lead, and the surface of the corrugated strips 
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forated e})onito sheath the whole is put into thci jierfora- 
tions of the positive blocks. These cells have been us(*d 
on the tramway cars at Ghent and other places on the 
Continent. 

ra»tcd Typen , — The best-known cell of this type is the 
E.r.s. cell, made by the Electric Power Storage Comjiany. 
The paste for the positive plates is a mixture b p s c U 
rod lead with suljihuric acid, and for the negative ‘ * 

plates litharge is used instead of red lead. Different 
forms of grids are adopted, according to the special pur- 




pose for which the cells are intended. For ordinary iso- 
lated installations, the gi’id wall has a section shown in 
Fig. 5, the holes A, as seen from the direction of the arrow, 
being square and slightly larger on the negative than on 
the positive grid. For rapid discharges (up to two hours) 
the negative grid is much tho same, except that the holes 
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are rectangular and the plate ie thicker. The positive 
grid has quite a different shape (Fig. 6). For the quickest 
discharges (up to one hour or less) the grid has the form 
of thin vertical ribs i^^^th inch apart, strengthened at inter- 
vals by horizontal ribs. Between the vertical ribs are deep 
narrow grooves, which hold the active material. The nega- 
tive grid is like Fig. 5, the holes being rectangular in shape. 
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Fig. 7 shows the general appearance of the two-hour 
discharge coll, illustrating the method of connecting, and 
the greater thickness of the positive over the negative 
plate ; also, the clearance l)etwoon the plates and the bottom 
of the cell. There are other types of grids liesidcs those 
mentioned, to suit the varying conditions of electrical 
work, for high discharge, traction, «fec. 

Another c<ill of pasted type is that known as the 
“ Hart ” accumulator. The ])ositive and negative plates, 
which are similar in size arid shajie, are pasted 
HMrtcttL litharge rcsjiectively. The 

grid is in the form of lattico-work, arranged alternately on 
either side, with strong leaden ribs running diagonally 
across the plate. The active material in each plate is split 
up into a number of small pellets, each of which is gripped 

hard on its surface 
by means of a leaden 
li]) attached to the 
grid and turned 
over by a special 
process. In joining 
up, a special ter- 
minal is used. The 
lugs arc first faced 
up against each 
other and tightened 
by a temporary 
master connector. 
This then gives way to a non-corrosive bolt, which is 
conically tapered and gives a large connecting surface. 
Fig. 8 gives a view of the cells and also of the connector. 

Mixed Type . — In this typo, of which the “Tudor” 
coll is a well-knovm example, the jwsitives are prepared by 
a pure Plante formation from a carefully-made 
casting, and the negatives by pasting. 
Fig, 9 shows the unformed positive plate. A 
mould is made by supporting narrow gun-metal racks on 
each side of a cast-iron frame. The teeth of the racks 
form vertical grooves in the faces of the casting ; and as 
narrow spaces are left between one rack and the next 
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lower or higher one, horusontal ribs are aeen. To give 
greater strength, thicker vertical ribs are obtained by cut- 
ting out one tooth of each rack at intervals. The grooves 
are about ^th. inch apart and ^ inch deep. The positive 
plates are about ^ inch thick, and are formed (that ia, 
covered with per- 
oxide) by charging 
them, and leaving 
them on open cir- 
cuit (repose) alter- 
nately. Later, 
charging and dis- 
charging are sub- 
stituted. Here, as 
in Plante’s work, 
charging and dis- 
charging become 
more prolonged as 
the formation pro- 
ceeds. As much as 
five or six weeks is 
required. The nega- 
tive plate is a jmsted 
plate. Litharge 
mixed with sul- 
phuric acid is placed 
in the holes of a 
lead grid, to whi(*h, 
before jMisting, is 
given a superficial 
coating of peroxide 
by making it a tor- F/cf 9 

minal in an acifl 

bath and charging it as a positive for a short time. This 
gives a greater attachment between the grid and the spongy 
lead when subsequently reduced. The negative plate is 
about ^'\jtli inch thick. 

There are many other tyy)e.s of cells. An interesting 
one is that know 7 i as the Lithanode, Clriginally, this was 
an attemj)t to prevent local action hy making the positive of 
peroxide alone, and to form it so slowly that its mechanical 
arrangement and strength would facilitate diffusion and 
yirevent disintegration. It has not yet been largely used. 

Whatever the tvyw of cell may be, it is iinportant to attend to 
the following worKing requirements ; — (1) The eeJls must be fully 
equal to the maximum demand, both in discharge 
rate and capacity. (2) All the cells in one senes 
ought to be equal in dis(!hargo rate and riinacity. Tliis 
involves similarity of treatment. (3) The cells are erected on 
strong wooden stands. Whore floor space is too expensive, they 
ean be erected in tiers ; but if iiossibJo this should be avoided. 
Tliey ought to lie in rows, so arranged that it is easy to get to 
one side (at least) of every cell, for examination and testing, and 
if need bo to detach and remove it or its plates. Where a second 
tier is placed over the first, sufficient ekarauce space must be 
allowed for the nlates to he lifted out of the lower boxes. The cells 
are iii8ulaU»d by supporting them on glass or mushroom-shaped 
oil insulators. If tue eontaining vessels are made of glass, it is 
desirable to put them in wooden trays which distribute the weight 
between the vessel and insulators. To jircvcnt acid spray from 
fdling the air of the room, a ^lass yilate is arranged over each 
cell. The positive and negative sections are fixed in tiosition 
with insulating forks or tubes, and the positive terminal of one 
cell is joined to the negative of the next by burning or bolting. 
If tiie latter method is adopted, the surfaces ought to be very 
clean and well pressed home. The joint ought to be covered by 
vaseline or varnish. When this has been done, examination 
ought to be made of each cell to see that the plates are evenly 
spaced, that the separators (glass tubes or ebonite forks between 
tne plates) are in position and vertical, and that there are no scales 
or other adventitious matter connecting the plates. The floor of 
the cell ought to be quite clear ; if anything lies there it must be 
removed. (4)*To mix the solution a gentle stream of snlphario 
acid must be poured into the water (not the other way, lest too 
great heating cause an accident). It is necessary to stm the 
whole as the mixing proceeds and to arrange that tne density ia 
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about 1190, or aooording to the recommondation of the maker. 
About five volumes of water ought to be taken to one volume of 
acid. After mixing, allow to cool for two or three hours. The 
ationg ocid oughti to be free ftom arsenic, copper, and other 
similar impuritms. The water ought to be as pure as can be 
obtained, distilled water being best ; rain water is also good. If 
potable water be employed, it will generally be improved by 
filing, which removes some of the lime held in solution. The 
impunty in oidinary drinking water is very slight ; but as all 
cells lose by eva{x>ration and require additions of water from time to 
time, there is a tendency for it to increase. The acid must not be 
put into the colls till ovoiything is ready for charmng. (5) A shunt- 
wound or separately-excited dynamo being ready and running so 
as to give at will 2*6 or 27 volts per coll, the acid is run into the 
cells. As soon as this is done, the dynamo must be switched on 
and charging commenced. The positive terminal of the dynamo 
must be joined to the positive terminal of the battery. If 
necessary, the + end of the machine must be found by a trial 
coll made of two plain lead sheets in dilute acid. It is important 
also to maintain this first charging operation for a long time 
without a break. Twelve hours is a minimum time, twenty-four 
not too much. fhe charging is not even then comx>lote, tnough 
a short interval Is not so iigurious as in the earlier stage. Tim 
full charge required varies with the cells, but in all tyjics a full 
and practically continuous first charge is imperatively necessaiy. 
During the early part of this charge the density of the acid may fall; 
but alter a time ought to increase, and finally reach the value de- 
sired for permanent working. Towards the end of the * formation'* 
vigilant observation must be exercised. It is important to notice 
whether any colls are appreciably behind the others in voltage, 
density, or gassing. Such cells may be faulty, and in any case 
they must bo charged and tended till their condition is like that 
of the others. They ought not to go on the discharge circuit till 
this is assured. The examination of the cells before passing them 


as ready for discharge includes :—(«) Density of acid as shown by 
the hyarometer. (6) Voltage. This may bo taken when charging 
or when idle. In the first case it ought to he from 2*4 to 2‘fi 
volts, according to conditions. In the second case it ought to be 
just over 2 volts, xirovided that the observation is not taken too 
soon after switching oif the charging current. For about half an 
hour after that is done, the k.m.v. has a transient high value, so 
that, if it be dosinxl to get the projier k.m.f. of the cell, the 
observation must be taken thirty minutes after the chargingccases. 
(fi) H^e observations of the plates and the acid between them. 
The positive plates ought to show a rich dark brown colour, the 
negatives a dull slate blue, and the spare between ought to be 
quite clear and free from anything like solid matter. All the 
jiositivcB ought to he alike, and similarly all the negatives. If 
the colls show similarity in these rosiiocts, they will iirobably be 
in good working order. 

As to management, it is important to keep to certain simple 
rules, of which those are the chief : — (1) Never discharge below a 
potential diiieronco of 1*85 (or in rapid discharge, 1*8) volt. (2) 
Never leave the colls discharged, if it be avoidable. (3) Give the 
cells a special full charging once a muiilh. (4) Make a periodic 
examination of each cell, cicteniiining its E.M.F., density of acid, 
the condition of its plates, and freedom from growth. Any iuci])i- 
eiit growth, however small, must bo carefully w*atched. (5) If 
any cell shows signs of weakness, keep it off discharge till it has 
been brought back to full condition. See that it is Tree from any 
connexion lietween the plates which would cause shortcircuiting ; 
the frame or support which carries the plates sometimes gets 
covered by a conducting layer. To restore the coll, two methods 
can bo adojited. In xinvate installations it may bo disconnected 
and charged by one or two cells reserved for the purpof^ ; or, as 
is preferc^lc, it may bo left in ciix:uit, and a cell in good order put 
in parallel with it. This acts as a ‘‘milking” cell, not only pre- 
venting the faulty one from discharging, but keeping it supplied 
with a charging current till its f.d. is normal. Every battery 
attendant should be provided with a liygrometcr anda voltmetei. 
The former enables him to determine from time to time the 
density of the acid in the cells ; instruments specially constructed 
fur the jiurposo are now easily procurable, ana it is desirable that 
one be provided for every 20 or 25 cells. The voltmeter should 
read up to about 3 volts and be fitted with a suitable connector 
to enable contacts to be made quickly with any desired cell. A 
])ortablo glow lamp should also be available, so that a full light 
can be thrown into any cell ; a frosted bulb is rather better than 
a clear one for this purpose. He must also have some form of 
wooden scraper to remove any growth from the plates. The 
scraping must be done gently, with as little other disturbance as 
]K>ssiblo. By the ordinary operations which go on in the cell, 
small portions of the plates become detached. It is imjiortaut 
that these should fall below tho plates, lest they shortcircuit the 
oell, and therefore sufficient space ought to be left between the 
bottom of the plates and the floor of the cell for these “ scalings *’ 
to acoumulate without touching the plates. It is desirable thai 


they be disturbed as little as possible till their increase seri- 
ously encroaches on tho free space. It sometimes happens that 
brass nuts or bolts, Ac., are dropped into a cell; these should be 
removed at once, as their partial solution would greatly endanger 
the negative plates. The level of tho liouid must bo kept above 
the top of the plates. It may somtjtimes ue necsessary to replenish 
the solution with some dilute acid, but strong aeid must never 
be added. 

The chief faults are buckling, growth, sulphatmg, and disin- 
tegration. Buckling of the {dates generally follows oxceshive dis- 
charge, caused by abnormal load or by aceideiital Hhortcircuiting. 
At such times asymmetry in the cell is apt to make some part of 
the plate take much more than*its share ot the current. That part 
then expands unduly, as explained later, and curvatuio is {itoduoed. 
The only remedy is to remove the plate, and press it back into shape 
as gently as possible. Growth arises generally from scales horn 
one part falling on some other ; say, on the negative. In the next 
charging the scale is reduced to a projecting bit of lead, which 
grows still further because other particles rest on it. The remedy 
is, £[ently to sorax>e off any incipient growth. Sulphatiug, the for- 
mation of a white hard surface on the active material, is due to 
neglect or excessive discharge. It often yields, if a sujall quantity 
of sulphate of soda be added to tho liquid in the cell. Disiu- 
togration is duo to local action, and there is no ultimate remedy 
The end can be deferred by care in workiup, and by avoiding 
strains and excessive discharge as much as possible. 

Accumulators contain only three active substances ~ 
spongy lead on the negative plate, spongy jieroxido of 
lead on the positive plate, and dilute sul fill uric 
acid between them. It will be shown later that Accumu- 
a fourth substance, sul])hate of lead, is formed 
on both plates during discharge, and also, though 
to a small extent, during rexiose. Spongy lead looks much 
like ordinary lead. Its colour is a blue gray, density 
probably similar to that of lead, 11*11, and its electric 
resistance *0000195 ohm between ojiposite faces of a cubic 
centimetre. Spongy peroxide of lead is a dark brown 
crystalline powder, with a density of 9*28. Its electric 
conductivity has been determined by J. Shields (Chemical 
05, 87). Tho hydrated peroxide prejiared by purely 
chemical mothiHls bad a specific resistance of 5*59x10*^ 
e.g.s. units ( = 5*59 ohms) ; but a similar hydrate, prej^ared 
electrolytically, gave slightly higher figures, 6*78 x 10^ 
c.g.8., or 6*78 ohms. Both forms of this substance con^ 
duct metallically, and neither of them electrolytically. 
Sidphate of lead is a white jiowder, with a density of 0*3. 
Its electric conductivity is so low that it may be classed 
as a non-conductor. The densities of these three solids 
being known, it is easy to follow the changes in volume 
which accoinjiany the formation of sulphate of lead on 
either jilate. One hundred volumes of lead (on the 
negative jilate) form 290 volumes of sulphate, and will 
therefore require three times as much space as before the 
action, while 100 volumes of jieroxido (on the jiositivo 
Xilate) form 180 volumes of sidphate, and will therefore 
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fill nearly twice as much space as before. These expansion 
0glixes lure not only important in themselves, but also 
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throw light on the well-known tendency of the negative 
plate to run down before the positive. In a given dis- 
charge the quantities of sulphate of lead formed on the 
two load plates are the same, but the expansion in the 
lead plugs (and consequent r^uction of porosity) is 60 
per cent, greater than in the positive plugs. SvZphuric 
add is us^ in the dilute state. The usuid density em- 
ployed is 1*210, which has an electric conductivity of 0*73 
c.g.s. units, or a specific resistance of 1*37 ohm for a centi- 
metre cube. The relative conductivity (the reciprocal of 
resistance) is shown in Fi^. 10. From this and the datum 
Just given, the 8i>ecific resistance of any strength of acid 
can Ik) found ajq^roximatcly. 

There are three kinds of local action : — (1) In 
all the practical forms of accumuktor the x>ositive 
X)late contains two conductors in contact — the le^ grid 
or x)late and the fieroxide it is intended to sux> 
j)ort. There exists l)otween them a difference 
of potential ( «» 2 volts), and, as the acid touches 
both, local currents must flow. The course of these will 
1)0 from a point in the j)ositive grid to the acid, thence to 
the adjacent |>oroxide, and back through it to the grid 
beneath. Huch currents involve the formation of suli)hatc 
from both the grid and the peroxide, with two definite 
results : {a) a diminution of the available energy existing 
as i)oroxide, and {L) an attack on the lead - supxjorting 
surface below. In an early form of accumulator, Glad- 
stone and Tribe found 7 X)er cent, of suli)hate was formed 
in two hours. Fortunately the sul^jhate of lead thus 
formed is insoluble, and covers the free lead surface, 
(vonsetxuently the action becomes very slow after the first 
hour or so, and would in fact stop altogether if the film 
of sulpliate remained iuhict, and so |)revented access of 
acid to the lead surface. But in the daily changes of 
temperature, A^c., the strains are great enough to cause 
some conducting communication, and the local action goes 
on. This progressive a(;tion exjilains the advantage Plante 
derived from periods of rejiose in forming, since it brings 
a greater quantity of the lead within the reach of the next 
o])eration. It also exi)lains the danger which waits on 
the positive grid or plate, and ultimately h^ids to its 
•ilcstruction. (2) Local action will arise on the negative 
X)late if a more electro* negative conductor settle on the lead. 
This sometimes hajipens because of impurities in the 
materials used for the ]»aste or existing in the acid. In 
oither case tliey will find their way to the negative grid 
or support, and hwid to loss of energy and the evolution of 
hydrogen gas. (Swinburne, Jmirn, Jmt, Elec, Emj, 18HG.) 
Even whore impurities do not exist in the materials, they 
are often introduced by small bits of metal being carelessly 
dropjied into the ci*ll. A not unusual habit of engineers 
is to serai K) copi)cr conntjcting-wires in close proximity to 
the colls, thus endangering tlioir cajiacity and life very 
considerably. Besides this chance of local action on the 
negative plate, acid of density 1*210 acts directly on the 
finely - divided lead. Swinliurno also drew attention to 
this in 1 886, and indicated its effect on the caijacity of the 
cells, which may bo seriously reduced, (3) There is a local 
action on each of the i)lates, whenever the acid in one 
part of the cell differs in density from that in another. 
This often hapj)en8. There is a eonstant tendoiiey for the 
acid to get stronger at the bottom of the cell, because 
during charge the stronger acid brought to the positivo 
plate tends to fall, and in discharge the weaker acid diffusing 
from the porous plugs of both jilates tends to rise. Further 
atill, during charge the acid is strongest in the inner parts of 
the sx)ongy material, and differences of 25 to 30 per cent, 
may exist between the inner and outer parts of a plug. 
A simikr difference may exist during discharge, hut in 
this case the acid is strongest on the outside and weakest 


in the interior. The following table gives the x.K.r. 
between a pkte of peroxide in w^ and another in strong 
acid ; corresponding values are also given^for lead pktes 
in acid of di&rent strength (Gladstone and Hibbert, Joum, 
Jfist, Eltc, Eftff, 1892) I— — 


E.M.F. aiiolnf! ftrom DifTereticm in Strength of Acid. | 

Two lead plat oh. 

Two peroxide plates. 

Acid round 

Acid round 

E.M.F. 

Acid round 

Acid round 

B.M.P, 

*f lead Plata. 

-laadplato. 

in volts. 

1 

i 

■fPbOa plate 

in volLb. 

Per cent 

Per cent. 


Per cent. 

Per cent. 


0*2 

1-36 

0-047 

0-2 

1-8.*) 

0-072 


2-85 

0-060 


2-85 

0-095 


5-5 

0*066 


5-5 

0-107 


10-5 

0-082 


10-5 

0-184 


14-5 

0-094 


14-6 

0-150 

•j 

22-5 

0-109 


22-5 

0-168 

>* 

36 '5 

0*150 


86-5 

0*215 

}» 

57 -5 

0-204 

1 • 

5:^-5 

0*359 

ti 

85*5 

0-247 

if 

85-5 

0*587 

M 

98 ‘0 

0*266 

ff 

99*0 

0*643 


The lead in the weaker acid is + to the other ; with the 
])eroxide pktes the case is reversed. With these figures 
it is easy to picture the local currents flowing between an 
inner and an outer yxirt of a single X)lug during the 
discharge, owing to the different strength of acid then 
existing. 

The importance of these three kinds of local action 
arises not so much from the magnitude of the actions 
they set up as from the sx)ocial parts of the x)ktes affected 
by them. Suliihate of lead is formed in each case, but 
not in the course or path of the regular current. On the 
positive pkte the local action forms sulphate along the 
interfac*e between the plugs and the grid, and may effect 
tively isokto a krge proportion of the peroxide. On the 
negative pkte, when due to deposited copper, <fec., it 
cannot bo so definitely followed, but may even give an 
outside surface coating of sulj)hato. That arising on 
both pktes by reason of variable acid strength in the 


I 
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X)lugs cannot be localized, but must necessarily bo out of 
the regukr linos of flow of the working currents. It is 
partly by virtue of those sjiecial localizations of the 
chemical changes that an accumuktor seems to bo scnously 
damaged by a rest, whether charged or discharged, and it 
is a further consequence that subsequent charges only 
slowly get at this deox)-scated sulphate, so that many 
cycles of work are required to bring bock the coll to its 
earlier value as a working machine. 

The electromotive force of a cell varies with the strengtli 
of the acid, as may be seen from Fig. 11, taken Bhetrom 
from Gladstone and Hibbort’s paper. The moUv 
observations with very strong acid were very 
difficult to obtain; but one good experiment made with 
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98 per cent, acid is marked by x. Streintz {Ann, Phy», 
Chm, 46, p. 449) ^ves for the x.h.7. the expression 
.E- 1-860 + 0-917 

between the density limits 1*055 and 1*279; is 

the excess of the specific gravity of the acid over that of 
water. It must be understood that the acid referred to 
in the foregoing curve is that existing in the pores of the 
spongy masses of the plates. If there be any inequality 
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between that and the acid outside a process of diffusion 
sets in between them, and the £.m.f. varies so rapidly that 
no exact measurement can be made. The importance 
of this diffusion was first pointed out by Duncan and 
Wiegand {EUcirical Wcyrld^ N.Y. 1889), who took plates 
before and after discharge, soaked them in sulphuric 
acid of 1*175 density, and then transferred them to vessels 
of distilled water. The acid which diffused out in a given 
time was estimated, with the results shown in Fig. 12. 

The plates contained about 5 grams of acid altogether, 
so that about one-half diffused out in thirty minutes, 
a good illustration of the slowness of diffusion. It is 
noteworthy that the rate of diffusion is much the same 
for both positive and negative plates, but that the rate 
for a discharged is considerably less than that for a 
charged plate. This last difference is undoubtedly duo to 
the formation of sulphate in the porous plugs, with the 
expansions indicated in the paragraph on the properties 
and volumes of materials. Discharge affects the rate of 

diffusion on the lead 
plate more than on 
the peroxide. This 
is in accordance with 
the higher rate of 
ex])ansion and clog- 
ging when lead is 
changed to sulpliate 
over the change from 
peroxide to sulphate. 
From whtt has 
7/»« *0 Mtnufms already been said 

fig IS about tho dependence 

of K.M.F. on acid 
strength, it is obvious that wnilc diffusion is proceeding 
there will be a corresponding change in k.m.v. Curve I., 
in Fig. 13, shows the rise when a positive plate, hitherto 
standing in 20 per cent, acid, is suddenly placed in 34 
per cent. ; curve II., the rise when a similar plate is taken 
from 20 to 58 ix)r cent, acid (Gladstone and Hibbert, Phil, 
-1%. 1890), 

In applying these diffusion and electromotive force 
curves to working conditions, it may be noticed that a 
given quantity of diffusing into very weak acid 

produces a much greater change in the electromotive force 
than if it pass into stronger acid. Thus if the acid be 
^ry woa^ say, 2 per cent., a diffusion of 1 per cent. 
H 2 SO 4 raises ^e £.m.f. by 0*036 volt, whereas if the acid 
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be 10 per cent, a diffusion of 1 per cent, raises the £.M.r. 
by 0*006 volt only (see Fig. 11 ). 

The important practical questions concerning an ac- 
cumulator are — its maximum rate of working, its capacity 
at various discharge rates, its efficiency, and its chmrMt 
length of life. Apart from mechanical injury, mnddu- 
all these depend on tho way the cell is charged cbmrge, 
and dischar^d. For each type and size of cell there is a 
normal maximum current. Up to this limit any current 
may be taken, beyond it the cell may suffer. Again, it 
is desirable that tho charge and discharge l)e confined 
between certain limits of potential difference at the 
terminals. Injuriously excessive currents or a discharge 
below a potential difference of 1*8 volt are often accom- 
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panied by more or less disintegration. To illustrate and 
explain these points a connected series of observations on 
a given set of cells is here used, the data having been 
given by Ayrton, Lamb, Hmith, and Woods {Joum, Imt, 
Elec, Eng, 1890). The colls employed contained three 
negative plates, weighing 17 lb 2 oz., two positive plates, 
weighing 11 Ib 8 oz., and acid of 1*206 density. The 
plates measured 9 by 9 inches, and were intended for 
maximum currents of 9 amperes in charging and 10 am|H;res 
in discharging. For reasons given in the i>a{)er, it was 
decided to make the potential difference at terminals the 
governing condition of working, the limits to bo 2*4 and 
1*6 volt. 

Fig. 14 shows a typical dischargo curve ; noteworthy points 
are : — (1) At the begiiiuiug and at Uio end tlierc is a rapid iall m 
K D. , w ith an iutormediate period of fairly uiiilurm value. ( -) IV hen 
the P.D. reaches 1*6 volt the fall is bo rapid that there is no advan- 
tage in continuing tlie action. When the r.D. liad lallen to 1*0 
volt the cell was automatically switched into a charging cirouit, 
and with a current of 9 anipeics yielded the curve in Iig. 15. Here 
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again there is a rapid variation in p.ii. (in these cases a rise) at the 
begiuuiiig and end of the opojation. The cells i^eie nou earned 
Uirough tho same cycle several times, giving almost identical 
\alue8 for each cycle. After some days, ho\ie\er, they became 
more and more difiicult to charge, and the return on discharge was 
proportionately less. It became impossible to (diargo up to a p.u. of 
2*4 volts, and finally the eapaoity toll away to half its first value. 
Examination showed that tlie plates were bailly scaled and that 
some of the scales had partially connected the plates. ^ Those 
scales were cleared away and tho experiments resumed, limiting 
the fall of r.D. to 1*8 volt. The diihcnlties then disappeareil, 
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flllLOiriiig that dincharge to 1*6 volt canted injury that did not 
arise at a limit of 1*8. Before describing the new results it will 
bo useful to examine these two cases in the light of the theory of 
x.M.r. already given. 

{a) Fall in at beginning of discharge,-^ At the moment 

when previous charging ceases tho jiores of the positive plate 
contain strong acid, brouglit there by the charging current. There 
is consei|uently a high e.m.f. But the strong acid begins to 
diffuse away at once and the E.M.F. falls rapidly. Even if the 
cell were not discharged this fall would occur, and if it were allowed 
to rest for thirty minutes or so the discharge would have begun 
with the dotted hue (Kig. 14). {h) Final rapid fall. The pores 

being clogged by sulphate tho plugs cannot get acid by diffusion, 
and when 6 per cent, is reached the fall in e.m.f. is disproportion- 
ately largo (sue Fig. 11). If discharge bo stopped, there is an 
almost instantaneous diffuMion inwards and a rapid rise iu 
(c) TAe rise in E.M.y. at beginning and end of the charging is due to 
acid in tho jiores Imlng strengtlienod, partly by diffusion, partly by 
formation of stilphuriu acid from sulphate, and PAi*^ by electro- 
lytic currying of stioiig acid to tho positive plate, llio injurious 
results at 1 *6 volt arise because then the pores contain water. Tho 
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chemistry is altered, oxide or hydrate is formed, which will 
partially dissolve, to be changed to sulphato when tho sulphuric 
acid Bub8u(|uuntly ditlusus lu. But formed in this way it will not 
apjMJur mixed with the active masses in the electrolytic imths, but 
more or less alone 111 tho pores. In tliis position it will more or 
less block the passage and isolate some of the ])eroxide. Further, 
when foniiing lu the narrow ]>assagu its disruptive action will tend 
to force off the outer layers. It is evident that limitation of r.i>. 
to 1*8 volt ouglit to ]>i event these injuries, heeausc it prevents 
exhaustion of acid in the plugs. Tho oilier curves will now lio 
easy to follow. Figs. ]0 and 17 show a normal charge and dis- 
charge between tho liuiits of 2*4 and 1*8 volt. 

After the next ctiargiug tlio cells were allowed to rest fur ten 
days. On discharge they showed a sniallei eaiMicity, and this w*as 
tho case for several suhsequeiit charges and discharges, ihougli 
repeated chargings at lust brought them back to something like 
tho previous values. Compare Figs. 18 and 19. Two otiier 
similar series were tried ; that is, rest followed by repeated and 
continuous work to bring the cell back to its first state (see Figs. 
20, 21, 22, 23). Then another charge was followed by a rest of 
sixteen days. The dischar^ which immediately follawed the rest is 
shown in Fig. 24, while Fig. 25 shows the next charge — a great 
falling -off. Tho cells were now taken through eight cycles of 
charge and discharc^, and were then so far restored as to give 
Figs. 26 and 27. Integrating the curves, the following numbers 
were obtained : — 


Gapaci^ and Sfflclancy tinder Various Conditions 
of Working. 


Bxperlment. 

DlscharKe- 

Cbaige. 

Efficiency. | 

Ampere 

Moun. 

Watt 

Hours. 

Ampere 

Honrs. 

Watt 

Ronm. 

Quantity. 

Energy, 1 

f 

Normal cycle . 

102 

201-7 

104*5 

230*7 

97*2 

87-4 

Kestoration 







after Ist rest . 

100 

190 

103*8 

228*2 

96*8 

85*8 

Ditto, after 2nd 







rest 

91 

176-7 

96*8 

213*2 

94*1 

82-8 

Dittos after 3rd 







rest 

82*6 

161*3 

86*2 

190*5 

95-8 

84*7 

Discharge’! 
immediately v 
after rest J 

56*5 

66*5 

110*5 
j 110*5 

86*2 

71*1 

190*5 

158*3 

65-5 

79-6 

581 

69*6 

Restoration 




i 



after 8 cycles . 

80 

* 156*9 

83*8 

' 184*6 

95-5 

85 


Tho table shows that the efficiency in a normal cycle may be as high 
as 87*4 ]>er cent. ; that during a rest of sixteen dil^s the charj^ 
accumulator is so affected that about 30 per cent, of its charge ia 
not available, and iu subseiiuont^ cycles it shows a diminished 
capacity and efficiency ; and that by repeated chaigos and discharges 
the capacity may be partially rc^stored and the efficiency more 
completely so. These changes might be duo to — (a) leakage or 
shortcircuit, (5) some of the active material having fallen to the 
bottom of tbo cell, or (r) some change in the active materials. 
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fig 2a 

{a) is excluded by tlin fact that the subsequent charge is smaller, 
and {b) by tho continued increase of oajincity during the cycles 
that follow the rest. Hence tho third hypothesis is the one which 
must bo relied upon. Tlic change in the active inatorials has 
already been given. Tho formation of load sulphate (on both 
plates) explains tho loss of energy shown m Fig. 24, while the 
fact that it is probably fornied, not in the path of the re^^ular 
currents, but on the wall of the grid (remote from the onlmary 
action), gives a jirohable explanation of tho subsequent slow recovery. 
Tiie actiou of tho avid on the lead during rest must not bo over- 
looked. 

We have soon that cajiacity dimmislies as the discharge rate 
increases p that is, tho available out]uit increases os the ouri'cnt 
diminishes Crompton's diagram illustrating this fact is given in 
Fig. 28. At the higlior rates tho consumjition of acid is too rajiid, 
diDusion canuot niuiiitain its strength iu tho pores, and the fall 
comes so much earlier. Tho resistance varies with the condition 
of tlio cell, as shown by the curves iu Fig. 29. It muy bo unduly 
increased by long or narrow lugs, and especially by dirty joints 
betw’oen the lugs. 

It IS interesting to note that it increases at the end of both charge 
and discharge, and much more for the Jirst than the second. Now 
tho conifiositioii of tlie active materials near the end of charge ia 
almost exactly the same as ut tho beginning of disi barge, and at 
iirst sight there seems nothing to account for the great full in 
resistance from 0*0115 to 0 004 olini ; that is, to about one-third 
tho value. There is, however, one difference between charging 
and discharging— namely, that due to the strong acid near the 
)K»sitive, witii a corresponding weaker acid near the negative 
electrode. Tho curve of conductivity for sulphuric acid shows 

^ This discharge is hero compared with the charge that preceded the 
rest ; iu the next line the same discharge is compared with the chaiga 
following the rest. 
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that boUx strong and weak acid have much higher reeietancee than 
the liquid usuSly employed in accumulators, and it is therefore 
reasonable to suppose that local variations in strength of acid 
cause the ohang^ in resistance. That these are not due to the 
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fig 29 


constitution of the plugs is shown by the fact that, while the plugs 
are almost identical at end of discharge and bcgiimiiig of charge, 
the resistance falh from 0*0055 to 0*0033 ohm. 

While a current flows through a cell, heat is produced at tlie rate 
of C^R X *24 calories (water-gram-degree) per second. 
tSfS^otceiL ^ coiisi'qiieneo iho tmnporature tends to rise. 

' But the change of teinperataro actually observed is 
much greater duiing charge, and much loss dining discharge, than 

the foregoing expr»*ssioii 
would suggest ; and it 
is evident that, besides 
the heat produced ac- 
cording to Joule’s law, 
there are other actions 
which warm the cell 
duiing charge and cool 
it during discliarge. 
Messrs Dujicau and 
Wiegand (loc. cU ), who 
first observed the ther- 
mal clmiiges, ascribe tho 
chief iiiffuenco to tho 
electro - chemical aihii- 
tioii of to the 

Ihpnd duiing charge 
and its removal during 
discliaige. Kig. 30 
gives some results ob- 
tained by Ayrton, 
Lamb, Ac. Tins elevation of temperature (due to elcctiolytic 
siiengthening of acid ami local action) is a measure of tho energy 
lost in a cycle, and ought to be minimized as much as possible. 

The cheiuical theory which has been adopted in the 
foregoing pages is very simple. It declares tliat sulphate 
Cbemiatry, ^ ^ 1‘oriued on doth jilates in discharge, 

the chemical action being rexersed in charge. 
Most of the other actions — associated wdth varia- 
tions in the e.m.f, of the cell — arise from local 

variations in strength of acid brought about by chemical 
action and the electrolysis of tho acid. It will contribute 
to a clear understanding if the chemical actions bo con- 
sidered under various heads : — ( J ) Those occurring during 
ordinary charge and discharge ; (2) the cause of high e.m.f. 
at end of charge ; (3) the rapid fall of f.m.f. and f.T). at 
end of discharge ; (i) the rapid recuperation of a dis- 

charged cell when allowed to repose; (5) the effect of 
repose on a charged cell ; and (6) the agreement of the 
experimental f.m.f. and that calculated by tho Kolvin- 
Helmholtz thermodynamic equation. 

(1 ) Plants thought that the chemical action during charge and 
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dueharge wu due to electrolytic hydrogen and oxygen simply. 
He igioreii the ohemioal action of the arid. In 188*J Gladstone 
and Tribe published a series of papers, showing, by analyses, that 
sulphate of lead was formed on both plates, tho action being, 
before discharge, ^ 

-f- plate. Liquid - plate. 

Pbo, - [!;: 

and after discliarge 

•f plate Liquid. - plate 

(*-p)pbo,-| ^ r(y-‘4»)naSo,-i r(s-i))Pb t 

+p. rbsoj L (»+2i>)H,o J ■' L+/'- rbso4 J 

These results arc in harmony with Gladstone and Tiibn s analyses, 
which showed that in every case some of tho aijtivo matin »I 
remained unchanged. During charge, tho substances are restoreil 
to their original condition, and the equation must bo reversed. 
Tho theory received abundant confirmation — from Fraiiklaiid in 
1883, Koynier (1884), Crova and Garbe (1885), Toliolltzow (1886), 
Heim and Kohlrausch (1889), Ayrton, kv , with Robertson (1890), 
Dulezalek (1897), and Mugdan (1899). Notwithstanding this body 
of evidence it has been objected to, chiefly on the ground tliat 
sulphate of lead is a white substaiioo and is diflimilt to rr<liiPo to 
lead, whereas the substance formed in a coll is not whiti* and is 
easy to reduce. But Gladstone and Tribe (and afteiw.nds Swin 
burne) showed in 1888 that sulphate was ea.sy enough to rediitu 
when mixed with other substances like peroxide, or lead itself, 
which is just the condition in wliich it occurs in all normal 
woiking of the cells. Darrieus suggests that sulphate la lormed 
only on the negative plate, oxide ol lead on the prisitive, and that 
tho s]K)ugy lead is in an allotropic condition, which lielpa to gi\e a 
higher e.m.f. This theory is contrary to the results obtained 
by the numerous experimenters already mentioned. Mugdan has 
especially shown that oxide cannot be detected on the positive 



plate. ^ It is doubtful if the ox)>eriment in favour of an allotropic 
condition of the lead can ho roiiihmed. The body of evidence in 
favour of the formation of sulphate on both plates is exceedingly 
strong — in fact, decisive. Figs. 31 and 32 embody a coniploto series 
of chemical and jihysical observations ; many of the jirccoding 
statements are illustrated by these curves and can be tested by 
their relationships. Tho current was stopped at tho y>oints marked 
A, B, 0, D, to take active material for aimlvsis ; and the rise of 
£ M.F. ill discharge, and fall in charge, during tins short interval is 
noteworthy. 

(2) Plan to attributed the high charging E.M.F. to hydrogen 
dioxide, and similar oxygenized bodies. Gladstone and 'J'libc 
thought that occluded hydrogen and oxygen gases, thougli very 
small in cpiantity, might aceouut for it. Robertson tlioiigliL tliat 
the oxygenized bodies arising from persulphuric acid might raise 



or lower tho K.M F. according to their exact position in a cell. If, 
however, these substances are added to a cell (without changing 
the acid strength) they do not produce a change at all comparable 

a I. —5 
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with that here doalt with, and there is no positiYe evidence that 
thf-y will do what is required by the theoiy. The only known 
ohiinge which has been shown to be comjietoiit to aifect the e.m.k. 
to this degree is the change w’hioh may locally and teuiijorarily 
occur ill the strongth of the acid.^ 

(3) There are two cxjilauatious of the rapid fall at the end of 
discharge. The one already given ascribes the fall to a weakening 
of the acid in the spongy niasscs. This has already b«*en considered 
and tieul not l)e lurilicr elaborated. Tiie other explanation was 
lirst given by Plante, and adopted by (jladstone and Tube, and 
ufterwardH by Robertson All these woikers observed that, at the 
end of a discharge, ])utches oi siiiall iiliiis of peroxide of lead were 
formed on the suilace of the lead jdaie. Such films a^ieedih tend 
to utiiiul tliH L.M.F. and bring the current to zero. Which of 
these two hypolln*se.s (both representing actual facts and both 
compet''iit to produce the change undot cojisideiatioii) contributes 
most to the li'sult IS a difficult question. But if u careful coin* 
patisoii l«‘ made ol the tune at which peroxide appears on the 
negative, with the (all of E.M.K., it will bo seen tliat tue fall begins 
bolore the films can bo detected with certainty. Thus (in Fig. 32) 
Robertson (;uuid not bo sure of peroxide on tlie negative at the 
point t!, although the fall had fairly begun at that time 

(4) 'I'ho explanation of the rapid recuperation aftei discharge is 
that the cause of the rapid fall has ceased and that tlie conditions 
existing hefoie it arc now ru*cstiibli.shed. If the discharge fall be 
asfiibed to peroxide filiiis on the negative, thou on stopping the 
discharge the films are destioyed by local action, and the K.M f. is 
lestoicil. If the full he due to exhaustion of acid, then stopping 
t'le current allows acid to difluso into the jiorcs almost instantly, 
and HO restores the k m.k. If the discharge low not been carried 
too far, this 18 most proliabl^' the tine cruhc. If the jiotential 
diUbronce is below I 8 volt, both actions take ]ilacc. 

(f)) As to the effect of repose on a charged c(dl, (lladstone and 
'rube’s experiments showed that peroxide of lead lying on its lead 
siippoi t suffered from a local action, which reduced one molecule 
of 1Mj0.j to sulphate at tlie same time that an atom of the grid 
ladow it was also changed to sulphate. 'Pliere is thus not only 
.1 loss of tlie available peroxide, but a corrosion of the grid or 
)daie. It IS through this acf ion that the supports groilually give 
way. On the negative )ilato an action arises between the finely- 
divuied lead and the sulphuiio acid, with tlie result tliut hydrogen 
IS set free. 

I*b4 llaS04--PbS04 + I4 


'fins involves a diminution of available spongy lead, or loss of 
i-ajiacity, oceaHioimlly with serious eonsc(|uenees. I’he cajMicity of 
the lead ]»l«te is icduc(«d alisolutely, of couise, but its relative 
value in more scibuisly afleetcd. In the diseliarge it gets sulphated 
too much, because Iho bettci positive keeps up tlie K.M.K. too long. 
In the succeeding cliarge, the positive is fully charged before the 
negative, and the difleionues between them tciul to increase in each 

> Ic 

(tl) l\clvin and Helmholtz hnve shown that the of a 

voltiiio ctdl can be eiiUuilateil fioiii the energy developed by the 
chemical acHon, Tor a dyad giaiu equivalent ( = 2 grams of 
liydrogcii, 207 giams of lead, &c ), the equation coiinoctmg them is 


K = 


11 

40UUU 
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vNheie K IS the i. M.i , in volts, II is the heat develofied by a dyad 
equivalent of the reacting substances, f is the absolute teiiipeni- 

tuie, and is flie tenqteiatuio cuellicimit of the If the 

K-M.F. does not rhaiigo with temperature, tlie second term is zero. 
Ihe thermal values for the various substances foinied and do- 
loinposed aie: * For PbO.^, G24O0 ; t..r TbSO^, 210210 , for 
192920 ; and for 158100 calorics. Wiiting the equation in 

its simplest form for stiong acid, and ignoring the tcmiieiuturo 
cocflicicnt tiTin, 


PbOa 4 2H,,S04 + l*b=. 2 l'bS 04 4 2II..0 
- (524 to - 38, sS 10 \ 432420 4- 130/20 


leaving a balance of 120800 calories. Dividing by 46000 gives 
2*627 volts. Tlio e.xperiiiiental value in stiong acid, according to 
(tladstone and Ilibbert, is 2 fl07 volts, a veiy close approximation. 
For other strengths of ueid, the energy will be less by the quantity 
evolved when the acid is diluted. *Tiie dfdted curve in Fig. 11 
indicates the calculated i ,M. i*. at vaiioiis jioints when this is taken 
into aceoiint. The ditrcrnneo liciwceii it and tlie eontiinious curve 
iiiust, if the chemical themy be coin-et, dojiend on the .sis ond term 
in the equation. Tlie figimi shows that the observed e.m.f. is 
above the theoretical for all strcngtlis fiom 100 down to 6 ]icr cent. 
Below fi the position is reversed. The question le mains, Can the 
temperature coefficient bo obtained ? Tina is diffieull, because the 


value is so small and it is not easy to secure a good cycle of 
observations. Strointz has given the following values : — 


£ 

(IB 


(IT 


/ 10 « 


1*9223 

1*9828 

2*0031 

2*0084 

o 

O 

2*078 1 

2*2070 

HO 

228 

.33.''. 

286 

255 

130 

7d 


These fi^ires illustrate the difficulty of getting good determin- 
ations ; it is quite improliablo that cells so nearly alike as those 
giving 2*008 and 2*008 volts should have tcm]>eratur6 coefficients 
diileini^^ by 16 per cent. Unpublished experiments by the writer 

give ^^*10®=? 8150 for acid of density 1*166. With stronger acid, a 

true cycle could not bo obtained. Taking Streintz’s value, 335 for 

26 percent, acid, the second teiin of the equation is ~ 290 x 

*000836-0*0971 volt. The first term gives 88800 calories^ 
1*9304 volt. Adding the second tenu, 3*9304 4-0*0971=2*0276 
volts. The observed value is 2*030 volts (see Fig. 11 and table 2), 
a remarkably good agrceiiicnt. This calculation and the general 
1 elation shown in Fig. 11 render it highly probable that, if the 
temperature coefficient were known for all strengfi^s of acid, the 
result would bo erpially good. It is worth observing that the 
iLversal of relationship between the observed and calculated curves, 
which takes place at 6 or 6 ]>cr cent., 8iigge.st8 that the chemistry 
must bo on the point of altering as the acid gets weak, a conohision 
W'nich has been alioady arrived at on purely cliemical grounds. 
The thermodynamical relations aio thus seen to con firm xoiy 
strongly the chemical and ]diyfeical analyses " 

As tho officienry of accumulators is not generally 
higher than 75 per cent., and machines must be used to 
charge them, it is not directly economical to use Accumu- 
ccdJs alone for public sujqdy. Yet they play an latontn 
important and an increasing part in public work, central 
lieeause they helji to mijiintain a constant voltage 
on the mains, and can be used to distribute the load on 
the running machinery over a much greater fraction of 
the day. Used in parallel with the dynamo, thc^y (piickly 
yield current when the load increases, and immediately 
begin to charge when the load diminishes, thus largely 
reducing the fluctuating stress on dynamo and engine for 
sudden vjiriations in load. Their nse is advantageous if 
they can be charged and disehurged at a time when the 
steam ])lant would otherwise be working at an uneconomical 
load. 

Regulation of the ]>otential difttuence is managed in 
various w*ays. More cells may be throwu in as the dis- 
charge proceeds, and taken out during charge ; but this 
method often leads to trouble, as some cells get unduly 
discharged, and the unity of the liattery is disturbed. 
Hometimes the number of cells is ke]>t fixed for supjily, 
but the r.i>. they put on the mains is reduced during 
charge by em])loying regulating cells in opposition. The 
working cells are then all kept in similar condition. Rut 
these methods are now bbing discarded. The number 
of colls is now fixed and tho liattory joini‘d to the 
mains. The heaviest part of the load is shared by battery 
and dynamo, and after the evening’s discharge tho 
dynamo may cliarge tho cells. But they must be charged 
to a higher potential difference than that ktqit on the 
mains, otherwise they cannot be said to be brought back 
to good condition. This may be done by disconnecting 
the battery and charging from a dynamo which gives tho 
requisite higher ; or it may ho done (and this is 

usual) by taking the current from the mains to the battery 
through a “ booster,” that is, a dynamo arrang(id so that 
its E.M.F. is added to tliat of tho mains. The power 
requisite for driving its armature may be obtained from 
any convenient source, but it is most usual to couple 
the armature to the shaft of a motor driven from tho 
mains. 

There are certain disadvantages in carrying accumulators 


* lihulstoTio ami IJililnTt, PfnL Mmj. 1890; Jour, hist. Elec. 
Enq 1892. Dolwzalck, Ann. /Viys. (Vieni. 3898. Mimdan, Elekt. 
EeUsrhnJf, 3899. 


For the discusiion of later electrolytic theories os applied to 
accumulators, see Electro^cheniisiry by I.ie Blanc ; also an article by 
Hoppe, EUktrotech Eunds. 1898. 
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on tromcars. The cells add largely to the weight of the 
car ; there is much expense in handling, owing 
TnmwmyM. substitution of charged for di^harged 

cells every few hours j and there is a very rapid deteriora- 
tion of the plates, consequent upon shaking and the heavy 
starting currents. For these reasons the use of cells on 
the cars has not generally been a commercial success, 
though at the present time a few lines are lieing run. 
The following table gives some jiarticulars of two systems 
worked by “ chloride ” cells : 


100 1*20 
a: 

8 to 15 
50 


At Birmingham some cells have completed 20,000 car 
miles before renewal was necessary. Cost of renewal jjcr 
, — car mile is approxi- 

mately 1 1 penny. 
But if the accumu- 
Liters be used in the 

station, there are | 


Items. 


Weight of battery in pounds . 

Average discliarge in amperes during run 
Maximum discharge during run 

I Length of run with one charge in miles . 
Sliced in miles ..... 

No. of passeegers carried 

60(8 

50 

1*20-150 

46 

8 to 15 

50 



the hollow. For work like thiR, the colls ou^ht to have a low 
resistance, and it is desirable that the shuiit-wonnd dynamo shall 
have a falling characteristic. Compound - wound boosters are 
somotiines used to help the uccuimilalors to shaio the load. 
Fig. 34 is a diagram of the arraugoineiit. The following data 
illustrate the way in which acciimulatoi s uic emi»loyod in iho 
station bolonging to the Plymouth Corpoiation. Alternate ciirroiit 
IS used for lighting and continuous oiuieiit for the iiauiway line 
There are two combinod sots, that is, onginc, Hllfinaioi, and 
tramway generator coupled on tho same shalt. Other and laigor 
alternators are in use during the “iioak” of the load. In the 
combined sots tho altomulor and generator aie ca(*li lOo kib>watt 
machines; the Beiliss engine \b 150 itH.i*. The engine is 
thoreforo only largo enough to drive either oi the machines at 
full load, but can run both at any combination of load not greatiM* 
than 100 iv w tetal. The geueiator gives 535 volts, and is 
in parallel with 200 colls of the Tudoi type. The cais begin 
to run at 7.30 a.m. The cells and one genoiator are in ])arallei 
sharing the tramway load through tho day, with results very 
similar to those shown in Fig. 33. The alternator on tho same 
shaft supplies the small day lighting load When the evening 
lighting load conics on, the direct current generators arc iincoiiphsl, 
the accumulators take the traiiiwav work, and the total engine 
power 18 Bvnilablo for running tho fully-loaded alt^ inators. This 
continues till the cars stop at 11 o’clock, bv which tune tlie 
lighting load has gone down again. Tho ])ress\ire oi tlie colls has 
diminislied from 520 to 475 volte, A generator la now coupled up 
and charges the accumulators iroin 11 p.m. to 2 30 or there' 
abuuts ; a booster adding from 70 to 130 volts, as may be rcqiined. 
The booster motor takes from 15 to 20 amperes at 630 volts, depend* 
lUg on tho outfuit from its dynamo. These ariaugemoiits give a 
well-distributed load and economical conditions of woikiiig tor such 
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many advantages. In a traction station, the load varies 
so rapidly that tho jilaiit is generally working at a low 
average load factor ; and the machinery must be callable of 
meeting the maximum demand, while the average load does 
net exceed one-half of the maximum. Now accumulators 
will take the peaks of the load, relieving the machinery 
from sudden jerks, and further allowing the running 
plant to l)c reduced to that which suffices for the average 
load. Some idea of the significance of this may be gained 
from Fig. 33. 

The colls are in parallel with the generator. Eight cars were 
nuiuiiig. The thick lino A shows tho dynamo current, varying 
from 115 to 160 amperes. Tho line current varies from 0 to 375 
amperes. It is evident that engine and generator are kept fully 
loaded, the cells supplying the peaks and taking a charge during 





machincrv as is at any time running, while the cells arc a stand by 
for exciting plant, &c. 

The following books ainl jmpers may be consulted m addition to 
those already cited : - 

Pi.ANii.. jRecherches sur r£lectn4:U^. Pans, 1879.- Gladstonk 
and Tiubk. Cftemxalry of Secondary Baltcrien, Ijondoii, 1881. — 
Kkynikk. J/ Accumaiateur VolUttqac, Paris, 1888.- IIkim. Die 
Akkumulalvrni, Berlin, 1889 . — Hofpk. Die AkkumulcUorenJur 
DlektricitaL Borhn, 1892. — Sciioop. I/andbuchJur Akkuviulatorni 
Stuttgart, 1898. -Kuankland. “Chenustiy of Stomge Batteries,” 
Droe. Jioy, Soc. 1883. — Rkymeu. “ Essai sur la Theono Chimujiie 
I des Accuiiuilatours,” Jour. Soc Fratu^ d. Fhys. 1881. — IIkim. 

[ ** U. d EinfluKB der Sauredichte aiif die Kapa;;itet dcr Akk.,” Ffek. 

\ Zeitn. 1889, — Koiiluatikcu u. Hkim. “ KrgcbnisKc von Veisuclieu 
I an Akk. fUr Statioiisbetricb,” Kkk. ZeiU. 1889. — DAKUiiais. 
“liH Theone Chimupio des Accumulatoiirs Plomb.,” Bull. Soc. 
hiUr^u des I^JectryeicnSt 1892.— E. J. Waul. Secondary Batteries, 
Loudon, 1901. (W 11t ) 


AeotylOnOp klumene or ethine, is one of the gaseous The molc:.ule is represented by the formula OjjHy. It is 
mpounds of hydrogen and carbon, and on analysis is a clear, colourless gas, having a density of 0*92. When 


compounds of hydrogen and carbon, and on analysis 
found to contain — 

Carbon 92*3 

Hydrogen 77 


prepared by the action of water upon calcium p. . . 
carbide, it has a very strong and ]>eiietrating 
odour, but when it is thoroughly purified from 
sulphuretted and phosphuretted hydrogen, which are in- 
variably present with it in minute trtices, this extremely 
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pungent odour disappears, and the pure gas has a not 
unpleasant othorial smell. It can Ix^ condensed into the 
liquid state by cold or by pressure, and 
experiments by Ansell show that if the gas 
be subjected to a pressure of 21*53 atmo- 
spheres at a temperature of 0' C., it is converted into 
the liquid state, the ]>ressure needed increasing with the 
rise of temi)eraturc, and decreasing with the lowering of 
the temi)erature, until at ~ 82“ C. it becomes liquid under 
ordinary atmos]>herie pressure. The critical point of the 
gas is 37“ C., at which temperature a pressure of G8 
atmospheres is re(piired for liquefaction. A great future 
was expected from its use in the liquid state, since a 
cylinder fitted with the necessary reducing valves would 
supply the gas to light a house for a considei*able ]ieriod, 
the liquid fK*cupying about the volume of the gas, 
but in tlie United States and on the Continent of Kuro|je, 
where li(]uoiied acetylene was made on the large scale, 
several fatal accidents occurred owing to its explosion 
under not easily ex])lained conditions. As a result of 
these accidents Berthelot and Violle made a 
Bxploal- scries of valuable researches upon the ex[)1osion 
of acetylene under various conditions. They 
aettyhne. found that if liquid acetylene in a steel 
bottle be lieatcid at one point by a platinum 
w'ire raised to a red heat, the whole mass decomposes and 
gives rise to such tremendous pressures that no cylinder 
would bo able to withstand them. These pressures varied 
from 71,000 to 100,000 lb per sc^uare inch. They, 
moreover, tried the effect of shock upon the liquid, and 
iouiid that the re]»eated dropping of the cylinder from a 
height of nearly 20 fei*t upon a large steel anvil gave no 
explosion, but tliat when the cylinder was crushed under 
a heavy blow tlio impact was followed, after a short 
interval of time, by an exjdosion which was manifestly 
due to tlio fraclun^ of the cylinder and the ignition of 
the escaping gas, mixed with air, from sjiarks caused by 
the breaking ot the metal. A similar explosion will 
frequently follow the breaking in the same way of a 
cylinder eliarged >\ith hydrogen at a high jiressure. 
Continuing tlu'se expi-nmeiits, they found that in acetylene 
gas under ordinary pressures the decomposition brought 
about in one ]»ortion of the gas, either by beat or the 
firing in it of a small detonator, did not spread far beyond 
the j>oint at which the <lecoinpo.sitioii started, w’hile it the 
acetylene was compressed to a jiressure of imn’e tliun 
30 lb on the square ineli, the decomposition travelled 
throughout the mass and became in reality detonation, 
'rheso ivsults showed clearly that lupiefied acetyleiui was 
far too dangerous foi general introduction lor domestic 
purposes, since, altlanigh the occasions would be lare in 
winch the requisite temperature to bring about detonation 
would be reached, still, if this point weit*. attained, the 
results would be of a most disastrous chaoieter. The fact 
that sevei*al accidents luul already hapjmned oc’ceiituated 
the risk, and in (heat Ihitain the storage and use of 
liquefied acetylene are pmliibited. 

When li(]iu*tied acetylene is allowed to escape, from the 
cylinder in which it was contained into ordinary 
scliyhtte atmospheric jiressure, some of the liquid 
assumes the gaseous cc>ndition with such 
rajudity as to cool the rt*mainder Im'Iow the tempera- 
ture of -1)0' (k, and convert it into a solid snow like 
mass. 

Acetylene is readily soluble in water, which at normal 
tem])oraturo and pressure takes up a little more 
^tuhitity volume of the gas, and yields a 

me^tyhtM. solution giving a jiurplc-red piveipitate with am- 
moiiiacal cuprous chloride and a white precipi- 
tate with Silver nitrate, these precipitates consisting of 


acetylides of the metals. The solubility of the gas in 
various liquids, as given by different observers, is — 


100 Volumes of 

Brine 

absorb . 

Volumes of Acetylene. 
6 

Water 

n • 

no 

Alcohol 


600 

Paraflin 

1 1 

150 

Carbon disuljihide 


100 

Fusel oil 


100 

Beuzeno 


400 

Chloroform 


400 

Acetic acid 

»» 

600 

Acetone 

M 

3100 


It will be seen from this table that where it is desired 
to collect and keep acetylene over a liquid, brine, t.e., water 
saturated with salt, is the l>est for this purpose, but in 
practice it is found that, unless water is agitated with 
acetylene, or the gas biibbliid through, the tgp layer soon 
gets saturated and the gas then dissolves but slowly. The 
great solubility of acetylene in acetone was pointed out by 
MM. Claude and Hess, who suggested charging 
acetone wit^i the gas under j>ressure, a litre of 
acetone dissolving 360 times its own volume of 
the gas under a pressure of 12 atmosjihercs. When the 
pressure is relieved the gas agaiu escajies, and it was 
thought that in this way a better method of storing the 
gas would be jirovided by liquefaction. Experiment, 
however, has shown that acetone thus saturate under 
pressure shares many of the disadvantages of liquid 
acetylene itself. 

Wlien acetylene was first introduced on a commercial 
scale grave fears were entertained us to its safety, it being 
representi^d tliat it had the ])ow'er of combining 
w ith certain metals, more especially copper and Explosive 
silver, to form acetylides of a highly explosive 
character, and that even with coal gas, which metals, 
contains less than 1 per cent., such copt)er 
compounds had been known to be formed in cases where 
the gas distributing mains were composed of cojqier, and 
that accidents had hajqieiied from this cause. It w'as 
therefore predictc*d that tlie introduction ot acetylene on 
a large scale would be followed by numerous accidents 
unless cop]»er and its allojs wxie rigidly excluded from 
contact with the gas. These fears have, however, fortu- 
nately pro\ed to be unfounded, and ordinary gas fittings 
can he used witli jierfect safety with this gas. 

Acetylene was at one time siipjiosed to be a highly 
poisonous gas, tlie researches of Bistro w and 
Liebreich having ap])ai-ently shown that it 
acts upon tlie blood in tlie same way as car])oii ^ 
monoxide to form a stable coiiqiound. Very extensive 
ex]xjrimeiits, however, made by Drs G reliant, Brociner, 
MaJooz, (h'ismer, and others, all conclusively sheuw that 
acetylene is much less toxic tlian carbon monoxide and 
indeed than coal gas. 

Acetylene has the property of inflaming spontaneously 
wdieii brought in contact with chlorine. If a 
few j»ieees of carbide be dropped into saturated 
chlorine w^ater the bubbles of gas take fire as 
tlu'v reach the surface, and if a jet of acetylene bo passed 
up into a U»itle of chlorine it takc.s fire and burns with a 
heavy red flame, depositing its carbon in the form of soot. 
If chlorine be bubbled up into a jar of acetylene standing 
over water, a violent explosion, attended with a flash of 
intcmse light and the deposition of carbon, at ouc.e takes 
])]ace. VVheii the gas Is kept in a small glass holder 
exposed to direct sunlight, the surface of the glass soon 
becomes dimmed, and Bone has shown that when exposed 
for some time to the suii^s rays it undergoes certain 
polymerization changes which lead to the deposition of a 
film of heavy hydrocarbons on the surface of the tube. 
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It has also been observed by Cailletet and later by Villard 
that when allowed to stand in the presence of water at a 
low temperature a solid hydrate is formed. Acetylene is 
roaWy decompo^ by heat, polymerizing under 
A€&tyha9 its influence to form an enormous number of 
organic compounds; indeed the gas, which can 
itself be directly prepared from its constituents, 
carbon and hydrogen, under the influence of the 
electric arc, can be made the starting-point for the construc- 
tion of an enormous number of different organic compounds 
of a complex character. In contact with nascent hydrogen 
it builds up ethylene ; ethylene acted upon by sulphuric 
acid yields sulphovinic acid; this can again be decom- 
posed in the presence of water to yield alcohol, and it 
has also been proposed to manufacture sugar from this 
remarkable body. Picric acid can also be obtained from it 
by first treating acetylene with sulidiuric acid, converting 
the products into phenol by solution in potash, and then 
treating the phenol with fuming nitric acid. 

Acetylene is one of those bodies the formation of which 
is attended with the disappearance of beat, and 
Moam* reason termed an “ endothermic 

compound, in contra-distinction to those bodies 
which evolve heat in their formation, and which are called 
** exothermic.’* Such endothennic bodies are nearly always 
found to show considerable violence in their decomiwsition 
as the heat of formation stored up w'ithin tlu'm is then 
lil)erated as sensible heat, and it is undoubtedly this 
pro]X)rty of acetylene gas which leads to its easy detonation 
by (jither heat or a shock from an ^xjilosion of fulminating 
mercury when in contact with it under pressure. The 
r>l)servation that acetylene can bo resolved into its con- 
stituents by detonation is due to Berthelot, w^ho started 
an explosive wave in it by firing a charge of 0*1 gram of 
mercury fulminate. It has since been shown, however, 
that unless the gas is at a pressure of more than two 
atmospheres this wave soon dies out, and the decoinpo.'^i- 
tioii is only propagated a few inches from the detonator. 
Heated in contact with air to a temperature of 480** C. 

acetylene ignites and burns with a flame, the 
iMitltlon appearance of which vanes with the way in 
' which it is brought in contact with the air. 
AVilh the gas in excess a heavy lurid flame emitting douses 
volumes of smoke results, whilst if it be driven out in a 
sufficiently thin sheet, it burns with a flame of intense 
brilliancy and almost perfect whiteness, by the light of 
which colours can be judged as well as they can by daylight. 
TTaving its ignition point lielow that of ordinary gas, 
it can be ignittsd by any red-hot carbonacoou.s matter, 
such as the brightly glowing end of a cigar. For its 
complete combustion a volume of acetylene 
needs approximately twelve volumes of air, 
forming as protiucts of combustion carbon 
dioxide and water vapour. When, however, the air is 
present in much smaller ratio the combustion is incom- 
ydete, and carbon, carbon monoxide, carbon dioxide, 
hydrogen, and water vapour are produced. This is well 
shown by taking a cylinder one-half full of acetylene and 
one-half of air; on applying a light to the mixture a 
lurid flame runs down the cylinder and a cloud of soot is 
thrown up, the cylinder also being thickly coated with it, 
and often containing a ball of carbon. If now, after a 
few moments’ interval to allow some air to diffuse into 
the cylinder, a taper again be applied, an explosion takes 
place, due to a mixture of carbon monoxide and air. It 
is probable that when a flame is smoking badly, distinct 
traces of carbon monoxide are being produced, but when 
an acetylene flame burns properly the products are as 
harmless as those of coal gas, and, light for light, less in 
amount. Mixed with air, like every other combustible 


gas, acetylene forms an explosive mixture. Clowes has 
shown that it has a wider range of explosive 
proportions when mixed with air tlian any of ^BxptoMlve 
the other combustible gases, the limiting pei- " ^'"'*** 
ceutages being as follows : 


Acetylene . 3 to 

Hydrogen . 5 to 7ii 

Carbon monoxide . 13 to T.*) 

Ethylene . 1 to 2‘J 

Methane . to ] ‘J 


The methods which can be and have been employed 
from time to time for the formation of acetylene 
in small quantities are exceedingly numerou.s. 

Before the commercial production of calcium 
carbide made it one of the nic>st easily obtain- 
able gases, the processes which were most largely adopted 
for its preparation in laboratories were : —first, the decoin- 
position of ethylene biomidc by dropping it slowly into a 
boiling solution of alcoholic j>otasli, and purifying the 
evolved gas from the volatile bromethylene by washing 
it through a second flask containing a boiling solution of 
alcoholic potash, or by passing it over model ately heated 
soda lime; and, second, the more ordinarily adopicil process 
of passing the products of incomplete combustion from a 
Bunsen burner, the flame of which had stnick Viack, 
through an ammoniacal solution of cu)»rouH ihloridc, 
when the red acetylide of copper W'as prodm ed. Tliis on 
being W'ashed and decomposed wdtli hydrochloric acid 
yielded a stream of acetylene gas. This second method of 
jiroduetion has the great drawback that, unless [uoper 
precautions are taken to purify the gas obtainetl from the 
ro]iper acetylide, it is always contaniiiiated ivith certain 
chlorine derivatives of acetylene, Edmuml ] )avy first made 
acetylene in 1836 from a compound pioduced during the 
inanufaeturo of potassium from potassium tartmti* and 
charcoal, which under certain conditions yielded a black 
compound decomposed by water with considerable violence 
and the evolution of acetylene. I'his compound was 
afterwards fully investigated by Berzelius, w^ho showed it 
to be carbide of jiotassiiini. He also made the correspond- 
ing sodium compound and showed that it evolved the 
same gas, whilst in 1862 Wohler first matle carbide c>f 
calcium, and found that water decomposed it into lime 
and acetylene. It w’^as not, however, until 1892 that tin* 
almost simultaneous disc,overy was made by Willson in 
America and Moissan in France that if lime and carbon 
be fused together at the terripemture of the electric 
furnace, the lime is reduced to calcium, wdiich unites with 
the excess of carbon present to form calcium carbide. 
The cheap production of this material and the easy 
liberation by its aid of acetylene at once gave the gas a 
position of commercial importance, in the manufacture 
of calcium carbide in the electric furnace, lime 
and hard metallurgical coke of the highest Manutaco 
possible degree of purity arc employed. A 
good working mixture of tlu\se materials may carbide. 
bo taken as being 100 parts by weight of lime 
wdth 68 parts by weight of carbonaceous material. About 
1*8 H) of this is used up for each pound of carbide 
produced. The two principal processes utilized in making 
calcium carbide by electrical jniw^er are tlu» ingot process 
and the tapping process. In the former, the coke and 
lime are finely ground and carefully mixed in tlio right 
proportions to suit the chemical actions involved. The 
arc is struck in a crucible into which the jiow^dered 
mixture is allowed to flow, partially filling it. An ingot 
gradually builds up from the bottom of the crucible, the 
carbon electrode being raised from time to time auto- 
matically or by hand to suit the diminution of resistance 
due to the shortening of the arc by the rising ingot. The 
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crucible is of metal and considerably larger than the ingot, 
the latter being surrounded by a mass of unreduced 
material which protects the crucible from the intense heat. 
When the ingot has been made and the crucible is full, 
the latter is withdrawn and another substituted. The 
process is not continuous, but a change of crucibles only 
takes two or three minutes under the best conditions, 
and only occurs every ten or fifteen hours. The essence 
of this process is that the coke and lime are only heated 
to the point of combination, and are not boiled after 
being formed. It is found that the ingot of calcium 
carbide formed in the furnace, although itself 
consisting of pure (irystalline calcium carbide, 
is nearly always surrounded by a crust which 
contains a certain proportion of imperfectly converted 
constituents, and therefore gives a lower yield of acetylene 
than the carbide itself. In breaking up and sending out 
the carbide for commercial work, iiacked in air > tight 
dnims, the worst of the crust is as far as possible picked 
out and rejected. A statement of the amount made jier kilo- 
watt hour may be misleading, since a certain amount of loss 
is of necessity entailed during this process. For instance, 
in practical working it has been found that a furnace return 
of 0‘504 lb per kilowatt hour is brought down to 0*406 per 
kilowatt hour when the material has been broken up, sorted, 
and packed in air-tight drums. In the tapping process a 
fixed crucible is used, lined with carbon, tho 
emrSide electrode is nearly as big as the crucible, and a 
much higher current density is used. Fine 
grinding is unnecessary, a.s combination probably only takes 
j>laco after fusion of the raw materials which mix more 
or loss as lic^uids. The carbide is heated to complete 
liquefaction and ta])ped at short intervals. There is no 
unreduced material, and the process is considerably simpli- 
fied, while less expensive jilant is required. The run 
carbide, however, is never so rich as the ingot carbide, 
since an excess of lime is nearly always used in the 
mixture to act as a flux, and this remaining in the carbide 
lowers its gas-yielding power. Many attempts have been 
marie to produce the substance without electricity, but 
have met with no commercial success. 

Carbide of calcium, as formed in the electric furnace, is 
a beautiful crystalline semi-metallic solid, having 
Pnperil 0 M density of 2*22, and showing a fracture which 


ofcmlcium 

emrbide. 


is often shot with iridescent colours. It can 
be kept unaltered in dry air, but the smallest 
triKJC of moisture in the atmosphere leads to the evolution 
of minute <piantitics of acetylene and gives it a distinctive 
odour. It is infusible at temperatures up to 2000“ C., but 
can be fused in the electric arc. When heated to a 
temperature of 245 " C. in a stream of chlorine gas it 
becomes incandescent, fdrniing calcium chloride and liber- 
ating carbon, and it can also be made to burn in oxygen 
at a dull red heat, leaving behind a residue of calcium 
carbonate. Under the same conditions it becomes 
incandescent in the vapour of sulphur, yielding 
calcium sulphide and carbon disulpliide ; the vapour 
of phosphonis will also unite with it at a red heat. 
It is a com])Ound of 


Calcium 

Carbon 


62 *5 per cent. 

37 r. 


100*0 

Acted upon by w'ater it is at once decomposed, yielding 
The yield *wid calcium liydrate. Turc crystal- 

trom line calcium carbide yields 5*8 cubic feet of 
calcium acetylene per pound at ordinary temperature.^, 
carbide. carbide as sold commercially, being a 

mixture of the pure cry.stallinc material with the crust 


which in the electric furnace surrounds the ingot, yields 
an average of 5 cubic feet of gas per pound under 
proper conditions of generation. The volume of gas 
obtained, however, depends very largely aipon the form 
of apparatus used, and while some will give the full 
5 cubic feet, other apparatus will only yield, with the 
same carbide, 3f feet. The purity of the carbide entirely 
depen(j8 on the purity of the material used in its manu- 
facture, and before this fact had been fully grasped by 
manufacturers, and only the purest material obtainable 
employed, it c.ontained notable quantities of compounds 
which during its decomposition by water yielded a some- 
what high proportion of impurities in the 
acetylene generated from it. Although at the 
present time n marvellous improvement has taken place 
all round in the quality of the carbide produced, the 
acetylene nearly always contains minute traces of hydrogen, 
ammonia, sulphuretted hydrogen, jihosphuretted hydrogen, 
siliciuretted hydrogen, nitrogen, and oxygen, and some- 
times minute traces of carbon monoxide and dioxide. The 
formation of hydrogen is caused by small traces of metallic 
calcium occasionally found free in tho carbide, and cases 
have been known where this was present in such quantities 
that the evolved gas containe<l nearly 20 per cent, of 
hydn)gon. This takes place when in the manufacture of 
the carbide the material is kept too long in contact with 
the arc, since this overheating causes the dissociation of 
some of the calcium carbide and the solution of metallic 
calcium in the remainder. Tho presence of free hydrogen 
is nearly always accompanied by siliciuretted hydrogen 
formed by the combina'tion of the nascent hydrogen with 
tho silicon in the carbide. The ammonia found in the 
acetylene is due to the presence ol magnesium nitride in 
the carbide. I’his is formed by the metallic magnesium 
in the molten condition taking up nitrogen from the air. 
On decomposition by water ammonia is jiroduced by the 
action of steam or of nascent hydrogen on the nitride, the 
quantity formed depending very largely upon the tempera- 
ture at which the carbide is decomposed. The formation 
of nitrides by actions of this kind and their easy conversion 
into ammonia, will jirobably at some no very distant date 
prove a useful method for fixing the nitrogen of the 
atmosphere and rendering it available for manurial pur- 
|)oses, although it could never compete in price with the 
ammonia formed in the destructive distillation of coal for 
coal gas, Sulphuretted hydrogen, which is in\ariably 
present in commercial acetylene, is formed by the decom- 
position of aluminium sulphide. Murlot has shown that 
aluminium sulphide, zinc sul])hide, and cadmium sulphide 
are the only sulphur compounds which can resist the heat 
of the electric furnace without decomposition or volatiliza- 
tion, and of these aluminium sulphide is tho only one which 
is decomposed by w'ater with the evolution of sulphuretted 
hydrogen. In the early samples of carbide this compound 
used to be present in considerable quantity, but now rarely 
more than per cent, is to be found. Phosphuretted 
hydrogen, one of tho most important impurities, which 
has been blamed for the haze formed by the combustion 
of acetylene under certain conditions, is produced by tin* 
action of water upon traces of calcium phosphide found 
in carbide. Although at first it w'as no uncommon thing 
to find a half per cent, of jjhosphuretted hydrogen present 
in the acetylene, this has now been so reduced by tho use 
of pure materials that tlie average quantity is rarely above 
0*15 per cent., and it is often not one- fifth of that 
amount. 

In tho generation of acetylene from calcium 
carbide and w^ater, all tliat has to be done is to cfacetyieae 
bring these two compounds into contact, when ffom ear* 
they mutually reiuit upon each other wdth the 
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formation of lime and acetylene, while, if there be suf- 
ficient water present, the lime combines with it to form 
calcium hydrat^. 

1 . 


2 . 


Calcium carbide. Water. Acetylene. Lime. 
CaC] + HqO Cgliji + CaO. 

Lime. Water, Oalcinni hydrate. 
CaO 4 HaO Ca(HO) 2 . 


Every operation, no matter how simjde it appears at 
first sight, is capable of being performed in several ways, 
and decomposition of the carbide by water may he brought 
about either by bringing the water slowly into contact 
with an excess of carbide, or by dropping the carbide into 
an excess of water, and these two main operations again 
may be varied by innumerable ingenious devices by which 
the rapidity of the contact may he modified or even 
eventually stopped. The result is that although the forms 
of apparatus utilized for this purpose are all based on the 
one fundamental principle of bringing about the contact 
of the carbide with the water which is to enter into double 
decomposition with it, they have been multiplied in number 
to a very large extent by the methods employed in order 
to ensure control in working, and to get away from the 
dangers and inconveniences which are inseparable from a 
too rapid generation. 

In attempting to classify acetylene generators some 
authorities have divided them into as many as 
Oraen- different classes, but this is hardly necessary, 

as they may be divided into two main classes : — 
first, those in which water is brought in contact with the 
carbide, the carbide being in exces^ during the first portion 
of the operation ; and, second, those in which the carbide 
is thrown intci water, the amount of water present being 
always in excess. The first class may again bo subdivided 
into generators in which the water rises in contact with 
the carbide, in which it drips upon the carbide, and in 
which a vessel full of carbide is lowered into water, and 
again withdrawn as generation becomes excessive. Borne 
of these generators are constructed to make the gas only 
as fast as it is cunsiimed at the burner, with the object of 
saving the expense and room which would be involved by 
a storage-holder. Generators with devices for regulating 
and stopping at will the action going on are generally 
termed “ automatic.” Another set merely aims at develop- 
ing the gas from the carbide and putting it into a storage- 
holder with as little loss as jiossible, and these are tenned 
“non-automatic.” The points to be attained in a go<xl 
generator are : — 

1. Low toraperature of generation. 

2 Coniplnte doconi position of the carbide. 

:i. Maxunum evolution of the gas. 

4. Low pressure in ovory part of the apparatus. 

r>. Ease in charging and removal of residues. 

e. Removal of all air from tlio apparatus before generation of 
the gas. 

When carbide is acted UfKin by water considerable heat 
is evolved ; indeed, the action develojis about one-twentieth 
of the heat evolved by the combustion of carbon. As, 
however, the temperature developed is a function of the 
time needed to complete the action, the degree of heat 
attained varies with every form of generator, and while 
the water in one form may never reach the boiling-point, 
the carbide in another may become red-hot and give a 
temperature of over 800“ 0. Heating in a generator is 
not only a source of danger, but also lessens the yield of 
gas and deteriorates its quality. The best forms of 
generator are either those in which water rises slowly in 
contact with the carbide, or the second main division in 
which the carbide falls into excess of water. 

It is clear that acetylene, if it is to bo used on a largo 
scale as a domestic illnminant, must undergo such pro- 


cesses of purification as will render it harmless and in- 
nocuous to health and projjerty, and the sooner 
it is recognized as absolutely essential to punfy 
acetylene before consuming it the sooner will 
the gas actpiire the i^piilarity it deserves. The oiil} one 
of the impuritich which offers any difficulty in removal is 
the phosphuretted hydrogen. There are three substances 
w^hich can he reliod on more or less to remove this com- 
pound, and the gas to be purified may bo passed eitbei 
through acid copper salts, through bleaching p«.\\dei, or 
through chromic ludd. In exi>cri merits with these ^aIlo^s 
bodies it is found that they are all of them efleetne m 
also ridding the acetylene of the ammonia and sulj)hni<'tU‘d 
hydrogen, provided only that the surface area piesented 
to the gas is sufficiently large. The method of washing 
the gas with acid solutions of cojiyier has been ]mtente<l 
by Herr A. Frank of (''harlottenburg, who finds that a 
concentrated solution of cuprous chloride in an acid, the 
liquid being made into a paste with kieselgnhr, is the 
most effective. Where the ])roduction of acetylene is 
going on on a small scale this method of purification is 
undoubtedly the most convenient oik*, as the acid j»resent 
absorbs the ammonia, and the copper salt cimverts the 
phosphuretted and sulphuretted hydrogen into ])hnsphatos 
and sulphides. The vessel, however, which contains this 
mixture has to be of earthenware, jiorcelain, or enaniidJcd 
iron on account of the free acid present ; the gas must be 
washed after yjurificatioii to remove traces hydiochioric 
acid, and care must be taken to prevent the loinpli tc 
neutralization of the acid by the ammonia present in the 
gas. The second process is one jiatented by Dr rilinann 
of Geneva, w^ho utilizes chromic acid to oxidize the 
phosphuretted and sul[)huretted hydrogen and absorb Ihi* 
ammonia. The third process ow'cs its inception to Jiinige, 
who recommends the use of bleaching powder. Dr \\'olff 
has found that w’hen this is used on the large scale there 
is a risk of the ammonia present in the acetylene foinimg 
traces of chloride of nitrogen in the purifying boxes, anil 
as this is a compound wliich detonates with considerable 
local force, it occasionally gives rise to explosions in I lie 
purifying apparatus. If, however, the gas be first passtd 
through a scrubber so as to wash out the ammonia this 
danger is avoided Dr Wolff emjdoys ])untiers in winch 
the gas is washed witli w'ater containing calcinm chloride, 
and then passed through bleaching powder solution ui 
other oxidizing material 

When acetylene is burnt from a 000 union jet burner, 
at all ordinary pressures a smoky flame is obtained, but 
on the pressure being increased to 4 inches a magniticcnt 
flame results, free from smoko, and developing an illuminat- 
ing value of 240 candles j)er 5 cubic feet of gas consumed 
Slightly higher values have been obtained, but 240 may 
be taken as the average value under these conditions. 
When acetylene was first introduced as a commercial 
illnminant in England, very small union jet nijiples were 
utilized for its consumption, but after burning 
for a short time these nipides began to carbonize, 
the flame became distorted, ami then smoking 
occurred wdth the formation of a heavy deposit of soot. 
While these troubles wTre being experienced in England, 
attempts had been made in America to use acetylene 
diluted wdth a certain jiroportion of air which permitted it 
to be burnt in ordinary flat flame nipples , but Bttmen. 
the danger of such admixture being recognized, 
nipples of the same class as those used in England w'ere 
employed, and the same troubles ensued. In France, 
single jets made of glass were first emjiloyed, and then 
Risener, Luchaire, Ilagot, and others, miide burners in 
which two jets of acetylene, coming from two tubes ])laccd 
some little distance apart, impinged and splayed each other 
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out into a butterfly flame. Soon afterwards, Billwillcr in- 
troduced the idea of sucking air into the flame at or just 
below the burner tip, and at this juncture the Naphoy or 
Dolan burner was introduced in America, the principle 
emyiloyed being to use two small and widely sejiarated jets 
instofid of the two oi>ening8 of the union jet burner, and 
to make each a minute Bunsen, the acetylene dragging in 
from the base of the nipple enough air to surround and 
protect it while burning from contact with the steatite. 
This class of burner lias been very successful, and its 
introduction, together with the realization of the import 
ance of })urifying the gas before combiisti^in, has removed 
perhaps the most unj>ortant obstacle to the use of this 
beautiful illuniinant. 

Aulhontus. - l)<»MMEii, IjAcAtyUnr rt ses opplu^aUona, Paris, 
189({ — Lewkh, AeHyh'W'. r<oii(]on, 1900.-“* bii.itKi'ANZ, Caleium- 
carhtd u7ui Acetyl^n. Dnpzig, 1899.— PKiir.issiKii, L'^clairage d 
Vac^tyl^nc. PariK, 1897.- Pkkuodil, La carhu.re de calcium et 
I'acCtylfiie Pans, 1897. — For a complote list of the various papers 
and inernoirson Acsetyleiie, son Ludwig's Filhrcrdurrk die gcaamrnte 
Cakiumcarhid- uml Aeetylen- Liter atur, Berlin, 1890. 

(V. a u) 

Achlll Island, off the west coast of Ireland, ]>art 
of the county of Mayo. Now under the control of the CJon- 
gested Districts Board, who hav<3 made efforts to imjirovc 
tli(‘ condition of the people. There is now a station at 
Achill Sound, which is crossed by a swivel bridge, opened 
in 1S88. l*opulation, 4077. 

Achin (Dutch Atjeh) and its dependencies form a 
government of Northern Sumatra, extending from 2® 53' N. 
on the W. coast to 4" 32' N. on the K. coast. The area of 
Achill is estimated at 20,520 square miles. Since 1874 
the valley of the Achin river has b<ien subjugated by 
th(‘ Diiteh. The restriction of export and import to 
Achin (1888) and further regulation of the ])orts (1892), 
the death of the tmitor Tuku Umar, and the suc- 
cessful ex[)cditions of General van Hiuxtsz (1898-99) on 
both coasts and in the valley, have broken resistance and 
firmly establishiMl Dutch government. A scheme t<i unite 
the coasts by a railway is under consideration. The adminis- 
trative divisions are as follows — 1. Greiit Achin (the nine 
districts within and beyond the military posts) with PoeliMj 
Wai (isle) , 2. depemlcneies (west cojist, with the island 
of Siirialn | Habi or llog], north coast, oast coast, and the 
southern settlements of (ireat Achin). Under the military 
and civil chief is a resident (for the regulation of shijiping 
and Aehin affairs), and under him again assistant-residents 
for the ile]»endeneies. Geographical knowledge of the 
Achin vallt*y, river, and eoa.st has lK»en considenibly 
advanced since 1874. In its upper part, near Sidiinun, 
the valley is .3 miles broad, the river having a breadth of 99 
feet and a depth of l \ feet ; but in its lower course, north 
of its junction with the Krimg Daru, the valley broadens 
to 12A iniltis. The marshy soil is covered by rice-fields, 
and on higher grouiul liy kamfmwja full of trees. The 
river at its mouth is .327 feet broad and 20-33 feet deep, 
but beffore it lies a samlbank covered at low water by a 
depth of only I feet. The coasts aro low and the rivers 
insignificant, rising in the coast ranges and flowing through 
the coast states (the chief of which are l*edir, Gighen, and 
Samalanga on the N., Ktli, Pcrlak, ami I^angsar on the 
B., Kluwah, Bigas, and Molabuh on the W.). The chief 
ports are Olohleh, the j)ort of Kot.iiaja or Achin (formerly 
Kratou, now the seat of the Dutch Government), Segli on 
the N., Edi on the E., and Aualabu or Molabuh on the 
W., all visited by steamers of the Royal Packet Com^iany. 

The relief of the soil of Achin is imperfectly under- 
stood. With regard to the west coast, Itesident van 
Langon has spoken of the Barisan and other jiarallel ranges 
which are characteristic of the island of Sumatra, and a 


geological description of a small portion of the same coast 
has l^n given by the mining engineer Eenaud, but the 
interior, possibly a continuation of the Batta plateau, is 
unexplored. The population of Achin in 1898 was esti- 
mated at 535,432, of whom 328 were Europeans, 3933 
Chinese, 30 Arabs, and 372 other foreign Asiatics. Tho 
natives of this commercial state are of very mixed origin 
(Hindu, Elings, Malay, Arab). They live in 
collections of houses and gardens, which combine to fonn 
mukimi or districts, which again combine to form 
of which there are three. The chief of a muJdm is called 
an of a sagi a pangliina sagi. The people of tho 

highlands {orang timcmg) differ in many resjiects from 
those of the lowlands {iwang baroh). The means of sub- 
sistonct) are furnished by the culture of rice, betel (penang), 
tobacco, and pep])er, but agriculture and stock-raising 
both declined during the war. The following industries 
are of some importance — gold-working, weflpon-making, 
silk-weaving, the making of pottery, fishing and coasting 
trade. The value of tho exports (chiefly pepjKjr) has of 
late years been about £58,000, of the imjjorts from 
£165,000 to £250,000. 

Kkuut. Aljeh in dr A fjehers. Leiden, 1877 . — Van L\ngen. 
Atjeh's iVeaakii /, Tipischr^t Aardnjko. Genotktsch, Amsterdam, 
1888, p. 226 . — Renaui). Jaurbock van hat Mynwezen, 1882. — 
Jacobs Iletfitmille-vn Kamponglavan op Groot Atjeh. Ijciden, 1894. 
— Snovck Httkqronje. he Atjchera. Batavia, 1894. 

(O. M. K.) 

AchInSkp a district town of Russia, East Siberia, 
government of Ycni8(3tt>k, 110 miles by rail W. of Kras- 
noyarsk, and on the (.'hulym river. It was founded in 
13^2, and remained quite insignificant till lately, when 
steaiaors began to ]fiy on the Chul 3 rm to tho gold mines. 
There aro taniu^ries and soaj) and caudle works. Popula- 
tion (1860), 2501 ; (1897), 6714. 

Achromatic Objectives.^ The general equa- 
tion for two lenses in contact and of negligible thick- 
nesses is, 

P-A(7/ . J) + B(7t'-1), 

where P is the j»owi*r of the combined system, or the 
reciprocal of its focal length, A and B are the sums of the 
reciprocals of the radii of curvatures of the first and 
second lenses rcsi)ectively, and n and n are tho indices of 
refraction of the mat(;rials of which these two lenses aro 
made. It is obvious that in general the value of P varies 
with the refrangibility of light, %.<?., with its wavi'-hmgth. 
The mathematical condition which must obtain in order 
that the jiower shall l>t» invariable is that tho derivative of 
this equatirm shall vanish, or 


Lenses, whi5ther biiuiry or multiple, subject to this con- 
dition and cm])loyed for the formation of real images are 
called achromatic objectives. These two equations would 
serve to determine the values of A and B, when I* is 
assumed, and thus completely solve the problem in its 
elementary form, were it not unfortunately true that tho 
dn^ 

value of the coefficient (called the disjiersive ratio), 

for all ])racticable materials is far from constant throughout 
the rauge of wave-lengths which are involved in optical 
images. J^'or example, for the kinds of glass most generally 
employed for large telescopes, this quantity varies from 
1 *80 in the extreme red to 2*20 in the extreme violet. 
Tho method of fixing upon the most advantageous value to 
substitute in the second equation was not obvious to the 
earlier opticians,, even to those who jiroduced some of the 
finest telescopes now in use ; but it is easily demonstrated 
that the value should be that which obtains for light of 
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jntLvimnm efficiency for the purpose to which it is to be 
applied Thus, for visual use the value of corresiK)nd- 

ing to a wai^-length of about 5600 is best, while for 
photography with ordinary sensitive plates that for a wave- 
Wgth of ak)Ut 4300, a materially larger value, should be 
substituted. 

The variability in the dispersive ratio for different 
regions of the spectrum gives rise to an imperfection in 
achromatic combinations, which, immaterial in small 
lenses, becomes of serious consequence in large telescoixjs 
and in spectroscopes. In astronomical telescoyxjs the 
defect appears as a fringe of colour, properly violet, about 
bright objects ; it also renders such instruments quite un- 
available for photography. In spectroscopes it necessitates 
a continuous change in adjustment from one end of the 
spectrum to the other. As it constitutes the gravest error 
in the mo%rn telescojie, many efforts have l»een made 
during more than a century for its elimination. A review 
of the success attained necessitates a consideration of 
other defects to which objectives are subject. These may 
bo tabulated as follows : — 

1. Chromatic differences of focal length, or secondary 

colour. 

2. Chromatic differences of splierical al>erration. 

3. CJhromatic differences of magnification. 

4. Zonal differences of magnification. 

5. Images by refiectiona wliich illuminate the field. 

All of these are inherent in refracting objectives, and no 
maker, however skilful, is able wholly to eliminate them. 
The highest success in designing an objective is only 
attainable by a duo regard to the relative importance of 
these errors, and an adjustment of them to the purpose to 
which the instrument is to he applied. 

In the table of errors the first is that already considered 
and shown to be dependent on the o]itical properties of the 
materials employed ; 3 is not distinguishable from this 
except in cases where the members of the optical system 
are sejiarated, as in microscopes and camera objectives, 
and in some forms of telescope; 5, known as “ghosts’^ 
to o[)ticians, is fixed as to number, but the jiositions of the 
images can be advantageously restricted. To explain the 
errors 2 and 4, especially important for our present pur- 
pose, another term must be first defined. 

When a single lens is used for forming an image of a 
remote object, it is found that the power of the lens always 
increases continuously with the distance of the ])ortion 
used from the axis ; in other words, the focal lengths of 
the concentric zones, into which the lens may Ik 3 regarded 
as divided, continuously decrease with their diameters. 
This phenomenon, whose magnitude depends upon the 
shape as well as upon the power of the lens, is called 
spherical aberration. It is easy to see that it would be 
possible to combine a positive lens of such a shaiie as to 
yield a small degree of s{>herical aberration with a properly 
formed negative lens, even numerically less in power, so 
as to give a combination free from aberration for light 
of a chosen refrangibility. An achromatic combination 
which meets this condition for remote sources of light is 
a telescope objective. If free from spherical aberration 
for yellow light it will still possess aberration for light of 
less refrangibility, while for shorter wave-lengths it will bo 
oyer-corrected, or have negative aberration. This property, 
given as 2 in the table, is quite negligible in telescotjo 
objectives constructed of ordinary materials, but in micro- 
scopic objectives of high efficiency it becomes by far the 
most serious error. 

The error 4 is illustrated in the preceding paragraph 
as accompanying spherical aberration. In a combined 
system it may exist independently of such aberration, 
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and it is especially to l:)e avoided in all instruments in 
which precision of images at even mwlerate distances from 
the axis is desired, such as meridian instruments, helio- 
meters, and in all photographic f»bjectives. The analytical 
condition for this end is that the sine of the angle of 
deviation of the light of each zone, in tlie production of 
an axial imago, shall bear a constant ratio to the diameter 
of the zone. 

The extent of secondary colour error (I of the table) 
is pretty nearly independent of the kinds of glass ciii- 
])loyed, provideil that only silicic acid, soda, potash, lime, 
or oxide of lead enter into the composition of the materials. 
Fraunhofer seems to have ex])erimented with boraeic acid 
as a partial substitute for silica, but itliout satisfactorj- 
results. The experiments of the eminent Jena glass- 
makers with phosphate crowns and borate flints are 
optically highly successful, but unfortunately none of these 
materials is permanent. Recent experiments by the same 
makers with a very light flint and a dense crown are more 
promising, but the chromatic differences of spherical aber- 
ration are so great, even when th(' ratio of focal length to 
ajierturo is unduly increased over the customary value, 
that the gain for astronomical is problematical. 
Doubtless the Jena jiotash cn>wn and a borosilicate flint 
make the best binary combination for visual telescojies, 
although the crown has the great disadvantage of lieing 
strongly hygroscopic. A tri])le combination of ordinary 
crown and flint with a boro-silicate Hint has been used 
with success, but the necessary increase of focal length, 
together with the fact that the number of harmful n^flec- 
tions is increased from six, the number of the binary lens, 
to fifteen, renders the advantage in telescoties f>f large size 
questionable. A quadruiile cemented combination of 
ordinary crown and flint with jiotash crown and boro- 
silicato flint, is practically perfect for small telescopes, and 
can 130 unhesitatingly recommended for 8iK.*ctroscoi>ic use. 

In microscope objectives the unrecognized error of 
chromatic differences of 8j>herical aberration rendered all 
advance in the iiiqirovernent of that important aid to 
scientific research nearly sUitionary for a third ot a century, 
until Abbe made the brilliant discovery that it is possible 
to eliminate it by a j)roj>er sepaiation of the ]>arts of the 
optical systimi. Very summarily stated, his method is 
this — a front, often quite complex in construction, 
strongly under -correc.ted for lM)th colour and sphericity, 
is increased in jiower by a Imck system over-corrected in 
both particulars to the requisite degree. The chameter of 
the image produced is found to vary greatly with the 
separation of the two systems, so that with successive 
trials a sf»lution may ultiiiiatifly be discovered in which the 
defect in question disappi‘ars. It is true that this jn’oeess 
necessarily introduces the error 3 in a very marked degree, 
but this may be practically compensated by employing an 
ocular with equivalent errors of an opposite sign. 

The proper method of designing an objective, after 
finding the ojitical constants of tlie materials which are to 
bo employed, is to deduce the values of A and B from the 
equations alxive, and then, assuiiiiiig a ratio for the two 
radii of the first lens winch cxiierienco has shown to 
approximate to the form desired, find by successive trigo- 
mimetrical computations (not neglecting thicknesses and 
seiiarations) the remaining constants of construction which 
adjust the various errors to the best values for the jiurposes 
to which the objective is to be applied. (c. s. h.) 

Aeid and Alkali Manufacture. — We 

comprise under this heading the manufacture of the three 
great mineral acids (sulphuric, hydrochloric, and nitric), 
and that of the carbonate and hydrate of sodium, from 
which, however, the manufacture of chlorine and its com- 
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pounds cannot be entirely separated. The manufacture of 
acids and alkali, understood as above, is by far the most 
important of inorganic chcinicjal industries, and o<!Cupies 
the great bulk of tlie cajiital and labour employed in that 
direction. It is, at the same time, the indispensable ground- 
work of all organic ehoinicul industries, as well as of glass- 
making, |)a}Kir-making, and many other branches of human 
activity. We can htjre give merely an outline of the 
progress made in these manufactures during the last 
twenty-five years, and of their actual state and their 
prosjKJcts for thej immediate future. 

Sulphuric And (comp. Ency, Urit, vol. xxii. p. 636). — 
Nearly all sulphuric acid, in its various states of dilution 
with water, is still made by the old lead-chamber process,” 
wliile all sul 2 >huric anhydride, HOg, together with its solu- 
tions in suljihuric acid, known as fuming or Nordhauseii 
oil of vitrhil, is now made by the “ contact process.” The 
last-named process is jirobably ilestined to su]:3er8edo the j 
lead-cliamber jirocess in tlie near future for the manu- 
facture of concentrated sulphuric acid, i.c., acid containing 
92 i>er cent. and upwards. Acid, however, of less 

concentration (80 jicr cent, and below) has so far been 
made more advantageously by the old jirocoss, and this | 
state of affairs will probibly continue, at least until the j 
respective imtents have run out, especially since the large 
capital sunk in lead chambers is necessarily looking for 
some return, and is not likely to be abandoned without a 
determined struggle. 

I'he first stei) is common to l)oth processes, viz., the 
iiiaiiufacturc of more or less dilute sulphur dioxide from , 
<'lementary sul]ihur, or from such sulphur com|K>unds as I 
readily act uimju atmospheric ^»xygen with formation of 
sulphur dioxide (sulphurous anhydride, SO.^). The ele- 
mentary sulphur is generally native brimstone, though in 
exce 2 )ticjrjal cases use is made oi the sulj)hur recovered as 
a by-product in the manufacture of coal-gas, or from 
alkali waste, Ac. The gr(*at bulk of the brimstone of 
commerce still comes from Sicily (comp. Ency, Brit, vol. 
xxii, p. 634) ; in comjmrison with this source of supply, 
the brimstone olitained in .Jaiiau and a few other localities 
})lays but a very secondary jjart, an<l the great deposits of 
subihur stated to i^xist in other localities, such as the 
southern states of North Aineriwi, Mexico, Daghestan, Ac., 
have not as yet been made available to any considerable 
extent. The ]»roductioii of suli)lmr dioxide from elemcmt- 
ary suli>hur seems a very simjile ojicration ; yet room has 
been left for many inii)rovement8 made during the last 
decades by the introduction of continuously working 
burners, aiul by the utilization of the heat generated during 
the pnx'esH. In most localities brimstone is too ex|)ensive 
an agent lor the manufacture of sul 2 )huric acid ; in Eng- 
land it is used to a very limitejd extent for the manufac- 
ture of acid free from arsenic, and to a much larger 
extent in Nortli Anu^rica and Ja])an, but hardly at all in 
otlier countries. The great bulk of sulphuric acid is made 
by “roasting” metallic suljihides, principally and 
blende. Pyrites in the pure state, FeS.^, occurs in many 
countries in large (quantities ; most of that burned in the 
United Kingdom comes from Bi>ain, and contains a small 
quantity of copqier wdiich is extrac’ted from the residues 
(“cinders”). 8j)anish jiy rites is also used in Germany, 
Franco, an(i America, together with the qiy rites mined in 
those countries. Good ]>y rites contains from 48 to 50 per 

cent., and exceptionally good, 52 qier cent, of sulphur, of 
which from 1 to 4 qier cent, or upwards is left in the 
cinders. Blende, the most ini 2 )ortant of zinc ores, contains 
only about half as much sulphur, which is, moreover, 
burned off with much more diliiculty ; but as this has to be 
done in any case, in order to prejmre the ore for the ex- 
traction of the metal, and as suitable apparatus has been 


constructed for the purpose, very large quantities of sul- 
phuric acid are now made from blende, especially in 
Germany and Belgium, and to some extent also in Eng- 
land and America. 

The roasting of pyrites always takes jilace without 
using any extraneous fuel, the heat given off by the oxida- 
tion of the sulphur and the iron being quite suf^cient to 
carry on the process. If the ore is in pieces of the size of 
a walnut or upwards, it is roasted in plain “ kilns ” or 
“ burners,” provided with a grating of suitable construction 
for the removal of the cinders, with a side door in the 
upper part for charging in the fresh ore on the top of the 
qmrtially burned ore, and with an arch-sliaped roof, from 
which the burner-gas is carried away in a flue common to 
a whole set of kilns. The latter are always set in a row 
of twelve or more, and are one after another charged once 
or twice a day at approqiriate intervals, so that a regular 
evolution of gas takes qdace all the day roufld. By em- 
ploying suitable precautions, a gas of aqiproximately 
uniform composition is obtained, containing from 6 to 8 
per cent. SOg, with a little SOg, and about 12 j)er cent, 
of oxygen, which is more than sufHcient for converting 
later all the SOg into SOg or ilgSO^. The burning of 
“ smalls ” or “ dust ” was formerly considered much more 
difficult and incomqilete than that of pieces, but tliis diffi- 
culty has been entirely overcome in various ways, qirin- 
cijially by the “shelf-burner,” originally constructed by 
Maletra, and by mechanical burners, which were formerly 
almost entirely confined to America, where the saving of 
labour is a primary consideration. Quite recently the 
Herreshoff mechanical burner (develo])ed from a burner 
constructed many years ago by M‘Dougal Bros., of Ijiv(‘r- 
pool) is making its way also in Eurojxj. 1'he roasting of 
blende is nothing like so easy as that of pyrites, since the 
heat developed by the oxidation of the zinc sulphide 
itself is not sufficient for carrying on the process, and ex- 
ternal heat must be applied. It is now usually perlormed by 
a series of muffles, superposixl one over another, so tliat the 
whole forms a kind of shelf-burner, with internally heated 
shelves (the “ Khemania ” furnace). This opeiation is 
both more costly and more delicati'. than the roasting of 
pyrites, but it is now qierfectly well understood, and gas is 
obtaimid from blende furnaces hardly inferior in quality to 
that yielded by i)yriteis kilns. In America, and quite 
exceptionally also in Europe, mechanical furnaces are used 
for the roasting of blende. 

Both kinds of gas, when issuing from the burner, hold 
in mechanical suspension a considerable quantity of “ flue- 
dust,” which must be removed as far as is jiracticable 
before the gas is subjecjted to further treatment. Flue- 
dust contains princijmlly ferric oxide, zinc oxide, arsenious 
and sulphuric acids, and small quantities of the various 
metals occurring in the raw ore. All the thallium and 
selenium on the market is obtained from this source. 
Sometimes the burner-gas is emjiloyed directly for the 
sake of the SO.^ which it contains, principally in the 
manufacture of “ sulphite cellulose ” from wood. If it is 
to be utilized for the manufacture of sulphuric acid, the 
jiractice up to the present has been, with few exceptions, 
to carry it into “ leswl cham Ws ” (vitriol chaiul)ers), which 
are immense receptacles constructed of sheet-lead burned 
together without any solder and suitably supported out- 
side by wooden or iron framework. In these the sulphur 
dioxide acts upon the oxygen contained in the same gas, 
and upon water introduced as a spray or in the shape of 
steam, and the reaction SOg + O + HgO « HgSO^ is brought 
about. As, however, this reaction of its own accord takes 
place only to a very small extent, an “ oxygen carrier ” is 
always introduced in the shape of the vapours of nitric 
acid or the lower oxides of nitrogen. By the play of 
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reactions induced in this my, practically the whole of the 
SO^ is ultimately converted into sulphuric acid, and at 
the same tim^ the nitrogen oxides are always recovered 
with comparatively very slight losses and m^e to serve 
over again. 

The reactions taking place in the vitriol chambers are 
very complicated, and have been explained in many dlifcr- 
eut ways. The view now accepted by most chemists is 
tliat developed by Lunge, according to which there are 
two principal reactions succeeding each other, it may be 
in quite contiguous places, but under different conditions. 
Wiere the nitrous fumes prevail and there is less water 
present, sulphur dioxide combines with nitrous acid and 
oxygen to form nitroso-sulphuric acid, a crystalline sub- 
stance of the formula S0.2(OH)(ONO). The reaction is 
therefore : — + O + NO3H * SO5N H. The solid sub- 
stance is, however, only exceptionally met with, as it at 
once dissol%B in the mist of 8ulx»huric acid floating in 
the chamber, anil forms ** nitrous vitriol.'* Wherever this 
nitrous vitriol comes into contact with liquid water (not 
steam), which is also present in the chamber in the shape 
of mist, and practically as dilute sulphuric acid, it is 
decomposed into sulphuric and nitrous acid, thus: — 
802(0H)(0N0) + U^O « HjSO. + NO.,!!. The re-formed 
nitrous acid, although not stable, any more than is its 
anhydride, KyO,,, is nevertheless the ‘‘oxygen carrier" in 
question, astlio products of its spontaneous decomposition, 
when meeting with other compounds, always react like nitrous 
acid itself and thus may transfer an indefinite quantity of 
oxygen to the corresponding (piaiftities of and H2O, 
with the corresponding formation of H.38O4. This theory 
at once explains, among otlier things, why the acid formed 
in the vitriol chambers always contains an excess of water 
(the second of the above-quoted reactions requiring the 
“ mass action " of this excess), and why the external cool- 
ing produced by the contact of the chamber sides with tlie 
air is of great importance (liquid water in the shajie of 
a mist of dilute sulphuric acid being necessary for the 
lU'ocess). 

The commercial production of sulphuric acid impera- 
tively requires that the nitrogen oxides (which originally 
were always introduced in the shaiie of nitric acid) should 
be available as long as possible, Wfore being lost mcchauic- 
ally or by reduction to the inactive forms of nitrous oxide 
or elementary nitrogen. The first step towards securing 
this requirement was taken as early as 1827 by Gay- 
Lusssic, who discovered tluit the nitrous fumes, otherwise 
carried away from the lead chambers by the waste atmo- 
siilieric nitrogen and oxygen, could be retained by bringing 
the gases into contact with moderately strong sulphuric 
acid, the result being the formation of nitroso-suljihuric 
acid : 2H2S0^ + NyOg - 2 kS 02(0H)(0N0) + H,0, and the 
latter remaining dissolved in sulphuric acid as “nitrous 
vitriol." But this important invention vras of little use 
until John Glover, about 1866, found that the nitrous 
vitriol could be most easily reintroduced into the process 
by subjecting it to the action of burner-gas, before this 
enters into the lead chambers, preferably after diluting it 
with chamber acid, that is, acid of from 65 to 70 per cent., 
as formed in the lead chambers. The reaction is 
then : 2S02(OHXONO) + SO, + 2H,0 « 3H2SO4 + 2NO ; 
that is to say, all the “ nitre " is returned to the chambers 
in the shajie of NO ; the sulphuric acid employed in the 
Gay-Lussac process is not merely recovered, but an 
4idditional quantity is formed from fresh SO.^ ; as the heat 
of the burner-gases also comes into play, much water is 
evaporated which supplies port of the steam required for 
the working of the chambers ; and the acid issues from 
the apparatus in a “ denitrated " and sufficiently concen- 
trated state (78 to 80 per cent. HgSO^) to be used over 
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again for absorbing nitrous vajKmrs or any other purpose 
desired. Since that time, in every properly appointed 
sulphuric acid manufactory, the following cycle of opera- 
tions is carried out. To begin with, in the burners jiyrites 
(or, as the case may be, brimstone or blende) is miule to 
yield hot burner-gas, containing about 7 i)er cent, (m llio 
cose of brimstone 10 or 1 1 jm*!- cent.) of SO.,. I'bis, after 
having been deprived of must of the flue dust, is paswd 
through the “Glover tower," <.c., an u]»rig)it cylindrical or 
square tower, consisting of a hniden shell lined Avith heat- 
and acid-proof stone or ]>rick, and loosely filled or “ packed " 
with the same material, over which a mixture ot acid from 
the Gay-Lussac tower and from the chambers trickles 
down in such i»roportions that it arrives at the bottom as 
denitrated acid of from 78 to 80 per cent. The gases 
then pass on to the “chambers," structures of lead, 
generally aliout 20 feet wide, 18 feet high, and 100 or 
150 feet long. Several such chambers are usually com- 
bined to a “set,” with a cubic cajiacity of as miicli as 
150,000 cubic feet or even more. Here the gases meet 
with more nitrous vapours, and with steam, (»r witli water, 
converted into a fine dust or spray. Here tlu- reactions 
sketched above take ]»lace, so that “ chamher-acid " as 
already destTilx*d is formed, while a mixture of gases 
escapes containing all the atmospheric nitrogen, some 
oxygen in excess, about 0*5 jkt cent, of the total SO,, and 
some oxides of nitrogen. This gas is now passed through 
the Gay-Lussac tow’er, which somewdiat restuiibles tlie 
Glover tower, but is usually filled wdth eok(», over wdiieh 
sulphuric acid of about 80 jjer cent., H.ySO^, trickles 
down in sufficient quantity to ivtain tlie nitrous vapours. 
Ultimatidy the waste gas is drawn off by a ehimney, 
or sometimes by mechanical means. 

Of course a great many special improvements have Ix'en 
made in the plant and the working of chamber systems ; 
of these we mention only some of the most iinjicrtant. 
By judiciously watching all stages of the process, by 
observing the draught, the strength of the acid ]>roduced, 
the temperature, and esjMicially by frequent analyses of 
the gases, the yield of acid has l>een brought up to 98 per 
cent, of the theoretii*al maximum, with a loss of nitre 
sometimes as low as two parts to 100 ot sulidiur burned. 
The supj)ly of the nitric acid required to make up this 
loss is obtained in England by “i>otting,” that is, by 
decomixising solid nitmte of soda by sulphuric acid in a 
flue between the pyrites burners and the chain liers. On 
the Continent makers genemlly prefer to employ liquid 
nitric acid, which is run through the Glover tower to- 
gether with the nitrous vitriol. Although tliis method 
a])} tears more troublesome, it allows the amount of nitre 
to be more easily and more accurately regulated. The size 
of the Glover towers, and more especially that of the Gay- 
Lussac tow*ers, has been progressively increased, and 
thereby the cube of the lead chambers themselves has 
been diminished to a much greater extent. By improved 
“ ] tacking," the towers have been rendered more durable, 
and in the case of the Gay-Lussac tower, the loss of nitre 
has been diminished by avoiding the use of a coke pack- 
ing, which acts upon that substance as a reducing agent. 
Many atteinxtts Lave been made to rt'duce the chamber 
R}Xice by apparatus intended to bring about a better 
mixture of the gases, and to facilitate the interaction of 
the misty x>articles of nitrous vitriol and dilute acid float- 
ing in the chamber with each other, and with the chamljer 
atmosphere. The earliest really successful, and still the 
most generally aj>idied appamtus of this kind, is the 
Lunge-Bohrmann “plate columns" or “reaction towers" 
plac^ between the chambers, but though this and similar 
apparatus has proved to be very useful in the later stages 
of the process, it has not been found practicable to do 
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away with the lead chambers entirely. The pumping of 
the acids up to the top of the towers is now always per- 
formed by means of compressed air, either in the old 
“acid eggs/’ or more economically in “pulsometers.” 

Most of the sulphuric acid manufactured is not required 
to be of higher strength than is furnished by the vitriol 
chambers, either directly (65 to 70 i)cr cent.), or after a 
passage through the (Hover tower (78 to 80 ijcr cent.) 
This, for instance, holds good of the acid employed in the 
manufacture of sulphate of soda and hydrochloric acid 
from common salt, and in the manufacture of superphos- 
phates. But for many purposes more highly concentrated 
acid is required. Until quite recently all such acid was 
made by boiling dr)wn the dilute acid, for which purpose 
a great variety of apjiaratus has been invented. The first 
(piestion is always tliat of material. Lead can be used 
for the purjK)so only when the lx)iling-X)oint of the acid is 
reduced by means of a vacuum — a plan which has not met 
witli much success. Formerly glass vessels were generally 
em[)loyed and they still survive in England, but elsewhere 
they are not much used. I^orcelain, enamelled iron, for 
high concentrations even cast-iron without any protection, 
arc also in use. On the Omtinent platinum vessels have 
been for a long time almost univcTsal, and they have been 
recently greatly improved by an internal lining of gold. 
The second consideration is the form of the vessels ; these 
may bo open yians or dishes, or closed retorts, or combina- 
tions of both. We also note the Faurc and Kessler 
apparatus, whicli consists of a yilatinum yian, surmounted 
by a double- walled leaden hood, in such a manner that, 
while the IkmxI is constantly cooled from the outside by 
water, the thin a(;id condensing on its inside is carried 
away without being allowed to flow back into the jian. 
’rim majority of acid makers, however, prefer retorts made 
entirely of iilatiuum, preferably jirovided by the lieraeus 
process with a dense, closely adherent coating of gold, includ- 
ing the toj) or “ dome.” The new Kessler furnace is u very 
ingenious apjiamtus, in which the fire from a gas-producer 
travels over the 8ul[>huric acid contained in a trough made 
of Volvic lava, and surmounted by a numl)er of yierforated 
plates, over wJiich fresh acid is constantly running down ; 
the teinjierature is kejit down by the production of a 
partial vacuum, which greatly promotes the volatilization 
of the water, whilst retarding that of the acid. This 
furnace is also very well adapteil fur impure acids, unsuit- 
able for platinum or platinum-gold stills on account of the 
crusts forming at the bottom of the retorts ; and it is 
more and more coming into use both in (Ireat Britain 
and on the Coritimuit. A third consideration is the con- 
densation of the vapours formed in the concentrating pro- 
cess; the further the concentration proceeds the more 
sulphuric acid they contiviu. Condensation is a comyiara- 
tively easy task in the case of jilatiiium apparatus, but 
with glass or porcelain beakers or retorts it jiresents great 
difficulties. In this respect tin* Kessler furnace has also 
proved to be very efficacious. The highest strength pmeti- 
cally attainable by boiling down is 98 jier cent. II2SO4, 
and this is only exceptionally reached, since it involves 
much expenditure of fuel, loss of acid, and wear and 
tear of apyiaratus. The usual strength of the O. V. of com- 
merce, mostly designated by its s]H'<*ific gravity as 168** 
Twaddell, is from 93 to 95, or at most 96 j>er cent. HgSO.. 
When attempts are made to j)ush the jiroccss beyond 98 
per cent., it is found that the acid which distils over is as 
strong as that which remains Imhind. Real “mono- 
hydrate” or acid approaching 100 per cent, can be made 
by Lunge’s process of cooling strong O.V. down to - 16** C. 
when H2^04 crystallizes out, or by the addition of an- 
hydrous SOj in the shape of fuming acid. 

Fuming or Nordhamm oil of vitriol^ a mixture or 


chemical compound of H2SO4 with more or less SO^, has 
been made for centuries by exiiosing pyritic schist to the 
influence of atmospheric agents, collecting the solution of 
ferrous and ferric sulphate thus formed, boiling it down 
into a hard mass (“ vitriolstein”) and heating this to a 
low red heat in small earthenware retorts. Since about 
1800 this industry had been confined to the north-west of 
Bohemia, and it survived just till 1900, when it was 
entirely abandoned — ^not because its product had become 
any less necessary, but, quite on the contrary, because the 
enormously increasing demand for fuming sulphuric acid, 
arising through the discovery of artificial alizarine and 
other coal-tar colours, could not possibly be supplied by the 
clumsy Bohemian process. Other sources of supply had 
accordingly to be sought, and they were found by going 
back to a reaction known since the first quarter of the 1 9th 
century, when Doebereiner discovered the combination of 
SO2 and O into 80^ by means of spongy platfnum. This 
reaction, now known by the name of the catalytic or con- 
tact process, was made the subject of a jiatent by Philips, 
in 1831, and was tried later in many ways, but had 
been always considered as useless for practical purposes 
until 1875, when it was simultaneously and independ- 
ently taken up by Olemens Winkler in Freiberg, and 
by Squire and Mcssel in London. Both these inventors 
began in the same way, viz., by decomposing ordinary 
sulphuric acid by a high temperature .into SOg, O, and 
IlgO (the last of course being in the shape of steam), 
absorbing the water by sulphuric acid, and causing the 
SOg and O to combine 'to SCXj by means of moderately 
heated platinum in a fine state of division. Winkler 
showed that this division was best obtained by soaking 
asbestos with a solution of platinum chloride and redu- 
cing the platinum to the metallic state, and he described 
later a 8)>ecially active kind of “contact substance,” 
jirepared from platinum chloride at a low tenqicrature. 
This revival of the synthetical jiroduction of 80,^, at a 
period when this article had suddenly become of great 
importance, caused the gnmtest excitement among chemists 
and led to numerous attempts in the same direction, some 
of which were at once sufficiently successful to compelc 
with the Bohemian process. It was soon found that the 
production of a mixture of 80.j and O from sulphuric 
acid, as above descrilied, was both too troublesome and 
costly, and after a number of exjieriments in other direc- 
tions invi'ntors went Iwick to the use of ordinary burner- 
gas from pyrites and sulphur burners. For a good many 
years the further development of this industry was sur- 
rounded by great mystery, but it is now known that a 
satisfactory solution of the difficulties existing in the 
above resjiect was attained in several j daces, for instance, 
at F'reilierg and in London, by the labours of the original 
inventors, I’rofessor Winkler and Dr Messel. These 
difficulties were mostly caused by the solid impurities 
contained in the burner-gases in the shape of flue-dust, 
especially the arsenic, which after a short time rendei-ed 
the contact substance inactive, in a manner not as yet 
entirely understood. Another difficulty arose from the 
fact that the reaction — is reversible, the 

optKisitc reaction, 80g«=80o + 0 setting in but little 
above the temjierature required for the synthesis of SO^. 
As far as is known (so much secrecy having been observed) 
the best results obtained in various jilacos, save one, did 
not exceed 67 per cent, of the theoretical quantity, the 
remaining 33 per cent, of SOg having to be converted into 
suljihuric acid in the ordinary lead chambers. As is now 
known, the exception (undoubtedly the only one until 
1899) was the process discovered aa early as 1889 by Dr 
Kniotsch, of the Badische Anilin-und-Soda-Fabrik, at 
LudwigsWen, but kept strictly secret until 1899, when 
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the patents were published. The principal features of 
this invention are, first, a much more thorough purificsr 
tion of the bpmer-gas than had been practised up to that 
time, both in a chemical and a mechanical sense, and 
second, the prevention of superheating of the (X)ntact 
substance, which formerly always occurred by the heat 
generated in the process itself. As the Badische process 
■effects this prevention by cooling the contact apparatus by 
'means of the gaseous mixture to be later submitted to 
the catalytic action, the mixture is at the time heated 
up to the requisite temperature, and a considerable saving 
of fuel is the consequence. Altogether this process has 
been brought to such a pitch of simplicity and perfection, 
that it is cheap enough, not merely for the manufacture 
of fuming oil of vitriol of all strengths, but even for that 
of ordinary 8ulj)huric acid of chamber-acid strength, while 
it is decidedly cheaper than the old process in the case of 
stronger i^ids, otherwise obtained by concentration by 
fire. It should be noted that these are not the results of 
a few years’ working with an exiKsrimental ydant, but of 
many years’ work with large plant, now e(jual to a 
capacity of 120,000 tons of pyrites per annum. It is 
therefore not too much to say tliat, in all probability, the 
contact process will ultimately bo employed generally for 
concentrated acids. Still, for the reasons given in the 
beginning of this article, the revolution thus impending 
will require a certain time for its accomplishment. Since 
the Badische process has become known, sevtiral other new 
contact processes have come into the field, in some of whicli 
ferric oxide is employed as contaet substance^, but we must 
refrain from describing these in detail. 

Hydrochloric Acid and S^ilphate of Soda , — As long as 
the Leblanc process was yiaramouiit in alkali raanufac?ture, 
the decomposition of sodium chloride (common salt) by 
sulphuric acid was in the first instance carried on for the 
purpose of obtaining sulphate of soda, commercially known 
iis “ salt-cake.” Hydrochloric acid (muriatic acid) was a 
necessary by-product of the reaction: 2NaCl + — 

Na.jS 04 -H 2H(fi, but in some cases it was altogether treated 
as a waste-produet, which at the same time constituted a 
great nuisance. (Jenerally it was more or less perfectly 
recovered, but only exceptionally was it utilized to the 
fullest jK)ssible extent. The technical progress of the 
manufacture of hydrochloric acid (comp. Ency, Th%t, vo). 
v. p. 678, and vol. xxii. p. 243) was promoted, to an exteut 
perhaps unique in the history of legislative efforts, by 
the i-Missing of the Alkali Acts, in 1863, 1874, 1881, 
and 18t)2, owing to the exemplary way in which the 
duties as inspector under these Acts were carried out by 
the late 13r R. Angus Smith and his successors, who 
directed their efforts not merely to their primary duty 
of preventing nuisance, but quite as much to showing 
manufacturers how to make the most of tlie acid formerly 
wasted in one shape or another. Not merely (Jreat Britain 
but all mankind has been immensely Iwuelited by the 
labours of the British alkali inspectors, which were of 
course supplemented by the work of technical men in all 
the countries concerned. The scientific and teclinical 
principles of the condensation of hydrochloric acid are 
now thoroughly well understood, and it is i»ossible to 
recover nearly the whole of it in the state of strong 
commercial acid, containing from 32 to 36 per cent, of 
HCl, although probably the majority of the manufacturers 
^tre still content to obtain part of the acid in a much 
weaker state, merely to satisfy the requirements of the 
law prescribing the prevention of nuisance. The princi]>les 
of the condensation, that is of converting the gaseous IICl 
given off during the decomposition of common salt into a 
strong solution of hydrogen chloride in water, can be sum- 
inari^ in a few words. The vapours of HCl, which are 
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always diluted with air, sometimes to a very groat extent, 
must be brought into the most intimate contact possible 
with water, which greedily absorbs the gas, forming 
ordinary hydrochloric acid, and this process must be 
carri^ so far that scarcely any HCl remains m the 
escaping gases. The maximum esciipe allowed by the 
Alkali Acts, viz., 5 jikt cent, of the total H(1, is far above 
that which is now practically attained. Foi a proper 
utilization of this condensinl acid it is nearly always 
imperative that it should be as strong ;is possible*, arul this 
forms a second important consideration in the construction 
of the condensing af)paratus. Since the solubility oi HCl 
in water decreases with the inciease of the temiwrature, 
it is necessary to keep the latter down -a task which is 
rendered somewhat difficult both by the original heat 
retained by tb(^ gases on their escape from the decomposing 
apparatus and by tlie heat given off through the reaction 
of HCl u]x>n water. 

Very different methods have been employed to effect all 
the above purposes. Jn Great Britain Gay-Lussac’s coke 
towers, adapted by Gossage to the condensation of hydro- 
chloric acid, are still nearly (jvery wlie,ro in use, frequently 
combined with a number of stone tanks through which 
the gas from the furnaces travels beloi-e entering the 
towers, meeting on its way tlui acid coiideascil in the 
tower. This process is excellent foi- effecting a conqileto 
condensation of the HCl os prescribed by the Alkali Acts, 
and for recovering the bulk of the acid in a tolerably 
strong state, but less so for recovering nearly the whole 
of it in the most conc(*ntrati‘d state, although even this is 
occasionally attained. On the Continent, whore the last- 
named requirement has Ikhui for a long time more urgent 
than in ({reat Britain, another system has been generally 
preferred, naim*Iy, jiassing the gas through a Jong series 
of stoneware n*ceivers, and ultiinatt*ly through a small 
tower )mcked with stoneware or coke, making the acid 
How in the opjKisite direction to the gas. Great success 
has also lieen obtained by spetually - constructed “plate 
towers” (alreiidy mentioned in connexion with their 
application to the manulacture ot sulphuric* acid), which 
allow l)oth t\w coke towers and most of the stoneware 
receivers to be dispensed witli. 

Iiniirovements in the construction of the condensing 
a})})aratus had to go hand in hand with those in the con- 
struction of the “salt-cake furnaces” for treating the 
common salt with sulphuric acid. The ordinary way of 
effecting this treatment is to carry out the first reaction 
in cast-iron pans or “iiots,” tiled from below, and to com- 
plete it by ajiplyiug a liigln‘r tenqierature in a “roasting- 
furnace.” If the latter is constructed as a reverberatory 
furnace, where the 11(3 given off is mixed with the pro- 
ducts of the combustion of the fuel, the acid obtained 
during this part of the operation is necessiirily weak. It 
is therefore altogether prefeiuli’e to construct the roasting- 
furnace as a “ muffle,” heated only on the outside, although 
the exjienditure of more fuel is thus involved. The 
drawback formerly caused by leakages of acid gases into 
the fire-flues through cracks iu tlu^ muffle has liccn re- 
moved by the construction of “plus-pressure furnaces.” 
Many and often very costly attempts have lx*eii made 
to construct mechanical salt-cake furnaces. Of these 
Mactear’s furnaces liave met with the greatest success, 
though this is limited by the fact that, apart from their 
great cost, they yield the hydrochloric acid in a weaker 
state than hand-wrought furnaces. For this reason they 
liavo been abandoned in some ]>lace8, and are not likely to 
bo generally introduced. The same holds good of the 
“direct salt-cake jirocess” of Hargreaves and Robinson, 
in which salt is subjected to the action of burner-g^ses 
and steam at a low red heat, thus efiecting the reaction : 



ACID AND ALKALI MANUFACTURE 


46 

2NaCl + S0j + 0 + Hj,0 = Nas,S 04 + 2HCI, without the 
intervention of lead chambers. This process, which re- 
quires complicated and costly plant, has been most 
ingeniously elaborated by the inventors, and has been 
made a perfect success for the manufacture of very pure 
sulphate of soda, also for the complete condensation of the 
HCl, but the lattft* is less easily obtained in the strong 
state possible with muffle furnaces, owing to the dilution 
of the gas with nitrogen, <fec. (comp. Ency. Brit. vol. xxii. 
p. 242). 

The manufactiiro (jf sodium sulphate and hydrochloric 
acid has been put on an entirely different economical 
basis through several gr&it changes in the alkali industry, 
which have checked th(? further expansion of the J^eblanc 
process. This process, which formerly absorbed most of 
th(j salt-cake j)rodiicod, is giving place more and more to 
the attitnonia-soda process, which starts directly from 
sodium chloride. Chitside Great Britain the Leblanc 
process now plays a very subordinate jiart, and in Great 
Britain itself it will certainly not spread any farther 
and will probably ultimately succumb, although this may 
be in a somewhat remote future. The only other con- 
sidemble outlet for salt-cake is the manufacture of glass, 
which naturally cannot be indeiinitely extended. These 
circumstances, by restricting both the (juantity and still 
more the value of the sodium sulphate;, necessarily con- 
ferred a gi-eator value u])on the hydrochloric acid manu- 
factured along with it ; and as this acid was until recently 
indispensable for the jiroduction of chlorine, the enhanced 
price of bleach ing-powder and chlorate of potash fora time 
comiiensjited tlio irianiifacturer for his loss on the salt-cake, 
and thus again reacted favourably on the economical 
aspect of the Lt'bhinc process. Much more attention is 
now devoted than formerly to the preparation of the 
hydrochloric acid in a strong state, and to processes 
intended to make it yield a greater amount of chlorine. 
The recent development of the eiccstrolysis of the alkaline 
chlorides necessarily again decreases the value of the 
hydrochloric acid obtain(;d in the manufacture of salt-cake, 
and must in the end lead to a further restriction in the 
production of the latter. 

The Manufacture of Alkali , — The term “alkali^* is 
usually flf|[)plied to several sodium compounds, viz., the 
hydrate (caustic soda), the carbonate (soda-ash), and the 
bicarbonate. 'Pho corresponding iiotassium compounds 
are almost exclusively made in Germany, from Stassfurt 
salts, and in Fmnct% from the “ vinasso ” of beet-root 
manufactures. The alkali manufacture in this sense is 
intimately connected with the chlorine industry, and both 
have for a long time formed the most important of British 
chemical industries. In vol. xxii. p. 242 a description 
has been given of the two principal foniis of the soda 
manufacture, viz., the L(;blanc jirocess and the ammonia- 
soda process. 1’he Lehlanc jrroceHti was for a long time 
that by which nearly all alkali was made. During the 
last decade many improvements have lK*en effected in all 
its stages, princiimlly by the development of mechanical 
furnaces and by attention t(» details ; in this connexion 
Dr Hurter's name should bo especially mentioned. Its 
greatest drawback, viz., the loss of the sulphur originally 
introduced into the process, and formerly only imperfectly 
and at not sufficiently small cost recovered from the 
“tank-waste” by the processes of Mond and Schaffner, 
has been overcome by the Claus-Chance sul])hur recovery 
process. This consists in decomposing the calcium sulphide 
of the tank-waste, which had been previously reduced to 
a thin watery paste, by means of impure carbonic acid in 
the shape of lime-kiln ^s, and converting the resulting 
H.,S either into sulphuric acid, or, preferably, into a very 
pure form of free sulphur. Thus 85 per cent, of the 


I sulphur is recovered in a much more valuable form than 
I it originally possessed in the shape of pyrites, and the 
remaining 15 per cent, as well as the solid jesidue of the 
operation are at least rendered innocuous. 

In spite of these great improvements the Leblanc 
process cannot economically compete with the ammonia^ 
soda process^ principally for two reasons. The sodium in 
the latter costs next to nothing, being obtained from 
natural or artificial brine in which the NaCl iwssesses an 
extremely slight value. The fuel required is less than 
half the amount used in the Ijeblanc process. Moreover, 
the process has been gradually elaborated into a very 
complicated and costly, but perfectly regularly working 
scheme, in which the cost of labour and the loss of 
ammonia are reduced to a minimum. The only way in 
which the Ijeblanc process could still hold its own was by 
being turned in the direction of making caustic soda, to 
which it lends itself more easily than the antmonia-soda 
process; but the latter has recently invaded even this 
field. Gno advantage, however, still remained to the 
Leblanc process. All endeavours to obtain either hydro- 
chloric acid or free chlorine in the ammonia-soda procc»s8 
turned out economical failures, all the chlorine of the 
sodium chloride being ultimately lost in the shape of 
worthless calcium chloride. The Leblanc process thus 
remained the sole purveyor of chlorine in its active shapes, 
and in this way the fact is a(*counted for that, at least in 
Great Britain, the Leblanc process still furnishes nearly 
lialf of all the alkali made, while in other Countries its 
proportional share is vfery much less. The profit made 
U{)on the chlorine produced has to make up for the loss 
on the alkali. 

But the position still held by the Leblanc process is 
seriously threatened by the development of the electrolytic 
decompositimi of the alkaline cMorides^ Which has taken 
place principally siti(;o 1890. These processes possess some 
of the adva^teges oL both the old processel They start 
with the cheapest of NaCl, viz., brme ; and they at 
once furnish the most valuable form of AjRali, viz., caustic 
soda, and at the same time either free ofiiorine, or, directly, 
bleachinfi^quor of chlorates. Up to a ^rtain stage they 
require iffiiuol, except for the ])roduction of energy, which 
may be furnished by the cheapest kind of motors,' -best of 
all, by wateiv])ower. Only for the conversion of the strong 
solution of, alkali obtained in the electrolytic cell into a 
solid form is some fue# indisjicnsable. The great diffi- 
culties at first experienced with electrodes and diaphragms 
do not seem to exist any more ; and so far as the produc 
tion of chlorine compounds is concerned, there seems to be 
nothing to stop the triumph of electrolysis over the old 
processes, which were described in vol. v. p. 678. We 
must not omit to notice that the electrolysis of sodium 
chloride and the manufac^ture of alkali in a commercial 
sha{>e are decidedly more difficult than the corresponding 
oi)erations in the case of potassium chloride. But 
to the inroads of electrolysis into the domain of alkali 
manufacture, there is one natural limitation brought about 
by the fact that this process produces for each 40 parts 
of NaOH, equivalent to 53 jiarts of NagCOg, 35 ’5 parts of 
chlorine, which yield about 100 parts of bleaching-powder, 
whereas the present consumption of chlorine products is 
in the pro|)ortion of about one i>art of bleaching-powder 
(or its equivalent of chlorates) to five parts of alkali. 
Manifestly only that quantity of alkali can be made which 
corresponds to the sale of the chlorine products necessarily 
made at the same time, and this means that about nine- 
tenths of the alkali consumed must be made in other 
ways. As far as we can see, the ammonia-soda process 
vdll supply the principal portion of the groat remainder, 
but for some time the Leblanc process will still contribute 
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a share, and natural soda ” from California, from Egypt, 
<fec, (comp. voL xxii. p. 240) will come in to a certain 
extent. 

Nitric a<;td*(comp. vol. xvii. p. 618). — ^The manufacture 
of this acid has been very largely extended, on account 
both of the enormously increas^ production of explosives 
for engineering and mining purposes and of the substitu- 
tion of smokeless powders for the old gunpowder made 
from saltpetre. But it is still effected by the wasteful 
process of decomposing sodium nitrate by sulphuric acid, 
prochicing as residue “ nitre-cake,” a })roduct of very little 
value. Several attempts have been made to decompose 
the nitrate in a more profitable way, e.g,, by means of ferric 
oxide, in which case the soda is converted into the 
valuable shape of NaOH, and the ferric oxide is recovered 
as such ; but none of these processes have emerged beyond 
the experimental stage. The old process has been im- 
proved on Hirious sides, chiefly by the elaboration of more 
rational systems of condensation, and by conducting the 
operation in such a manner that it furnishes at once a 
maximum of strong and sufficiently pure acid, which does 
not need to be freed from the lower oxides of nitrogen by 
the process of “ bleaching ” ; also by separating the decom- 
position of sodium nitrate into two stages and conducting 
it as a continuous process, with the employment of com- 
paratively weak sulphuric acid even for the production of 
strong nitric acid (the Khenania-Uebcl process). 

Rekktuskces. — The principal work on achls and alkali is 
Lunge’s S'idphuric Acid and Alkali^ 2nd ed. 3 vola. 1891-96. The 
saino work has also appeared in French (by Lunge and Navillo), 
3 vols. 1879-81, and in German, 2iid*ed. 3 vols. 1893'96. The 
same author has ^iveii a synopsis of the manufacture of sulphuric 
acid un to 1899 m Ins article ** Schwefol ” in Muspratt’s 
4th ea. vii. 1114-1368. Other works are Juki sen, 
dcT SchwefeUdiire/ahriktttian, 1893. — SoitEL, Fahrtcatvon de Vacuie 
mlfuriqiUt 1887. — Annual Iteports on Alkaliy Works^ from 
1864 upwards. — JqjprmU of the Society of Chemical Induetrif^ from 
1882. Yl^Qftx^^^Jahresherichte der cJumischen Technologies 
Chemische Induairie, Zeitschrift fhr angewandte Chernies 

(G.L.) 

AciraftlOp a town and episcoi)al see of the province 
of Catania, Sicily, Italy, 9 miles N. by E. ^rom Catania by 
rail. Tt has a school of the industrial arts and sciences. 
Population, 25,900 fl881); 35,459 (1901). 

Aclandp Sir Henry Wentworth Pyke, 

Bakt. (1815-1900), British medical professor and iiuin of 
learning, was born 23rd August 1815, and was the fourth 
son of Sir Thomas Dyke Acland. He was educated at 
Harrow and Christ Church, was elected Fellow of All Souls' 
in 1841, and, following the medical profession, took his 
Oxford degree of M.D. in 1848, having in 1845 Iwen ap- 
pointed Lee's Header in Anatomy. The revival of medical 
study and the introduction of the study of natural science 
into Oxford were in great measure due to Sir Henry Acland. 
He promoted in every way the foundation of laboratories 
and of the Oxford Museum, formed an extensive series of 
physiological X)repQJ^B.tions on the jdan of John Hunter, 
and did far more to overcome the indifference and re- 
move the susxncion generally prevalent when he com- 
menced his labours than could have been achieved by one 
less generally accex>table from his birth, his amenity, and 
the elevation of his character. “ To Henry Acland,” says 
Buskin, “physiology was an intrusted gospel of which 
he was the solitary preacher to the heathen.” On the 
other hand, as has been well observed, his thorough 
classical training preserved science at Oxford from too 
abrupt a severance from the humanities. In conjunction 
with his intimate friend, Dean Liddell, he revolutionized 
the study of art and archaeology, so that the cultivation of 
these subjects, for which, as Buskin declared, no one at 
Oxford cared before their time, began to flourish in the 


University. He published a memoir on the visitation of 
cholera in 1854, and another on the topography of the 
Troad ; but his claims to remembrance rest chiefly on his 
systematic, sedulous, and successful xiromotion of his 
favourite objects. Ho was Badcliffe librarian (1851), 
Begins Professor of Medicine (1858), and incsident of the 
General Medical Council from 1874 to 1887 ; bo was 
also a curator of the University (lal buries and of the B(m 1- 
loian library. He was created a baronet in 1890. Ho. 
resigned the Begins Profossorsliii> lu 1891, and died in 
October 1900. 


ACOUStICSa — The original article in the ninth 
edition of this Encyckgtvcdiu (hereafter referred to as O. A.) 
contains an account of many of the leading plienomena ol 
acoustics and their elementary tlieory, so that it is only 
necessary hero to 8Ui>plement that ac^coimt by discuss- 
ing certain theoretical points, and by desenbing certain 
phenomena and methods of investigation which liave 
been brought into more prominent notice, or have been 
discovered, in recent years. 

The following elementary method of obtaining the 
velocity of plane waves of longitudinal disturbance m air 
brings into prominence the fact that the velocity 
depends on and varies slightly w^ith the excess 
and defect of x>rcssure from the normal or undis- 
turbed value. The method with aiipropriate modification 
will give the velocity of transverse disturbance in strings 
and longitudinal disturbance in rods. Wc suppose that a 
disturbance, the same at every point in a jilane perpendicu- 
lar to the direction of pro])agatioii, is in some way made and 
started in the air, and that external forces are ap 2 >lied to 
every particle in such a manner that the disturbance is con- 
strained to move on with uniform velocity unchanged in 
form. The force per unit mass can be expressed in terms 
of the x>resBures due to the state of strain together with the 
applied force, and it can also be expressed in terms of the 
acceleration which is obtained from the condition that the 
disturbance moves on unchanged in form with constant 
velocity IT. For this implies that the change in velocit} 
of a particle at a given point during a small time dt is 
equal to the difference in the velocities at a given instant 
at that x>oint, and at a jHiint a distance Left back along 
the line of propagation. ^ 

In Fig. 1 let QP represent tin* disiilacenient curve of the 
disturbance (O. A. § 12). Let NM rcpic- 
seiit two points distant Vdt apart along 
the line of jiropagation. Let AlP, Ny, 
represent at a given instant the diNplace- 
ments of the particles winch were origin- 
ally at rest at M, N, but wliich are now 
displaced in the direction of propagation 
by amounts proj>ortional to MP and NQ. 
liOt Wn represent the velocities of the 
particles. Then the velocity of the M 
}iarticle will change from t/k to un in 
time df, so that the acceleration a is given 
by 

dt ' \M 

since NM=:Ud^ 

But, drawing the tangent PT at P, the velocity at P is tlie 
rate at which the displacomeiit is growing at P as the di^laoc- 
nicnt curve travels along, and I Ids is evidently at the rate TS per 
time taken by the disturbance to travel over 

TS 



Fig. 1. 


0) 


Then 


»,=T«=u. 

“ dt NM 


( 2 ) 


Thin may be written as may express the 

{ iresRuro excess at M in terms of the displaeeniont. For if the 
ayer of air originally between M and N w ere all compressed as 
it is at P, the surface through N w'ould be displaced forward NT, 
wliile that through M would only bo displaced forwrard MP, or there 
would be a compression TS in length MN. Since the disturbaooe 
is purely longitudinal, this im^dies that there is a diminution of 
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(4) 


volume proportional to TS in volume proportional to MN, or if v 
is the decrease of volume per original volume V, 

V _ 

V'“MN' 

But if £ is the elastioity of the air, and if pu is the excess of 
pressure producing the decrease of volume, by definition we have 

from (2) =y.KM .... (3) 

Tliis relation shows that wherever the particle velocity is 
forward is in excess, and that wherever it is backward j}u is in 
defect of the undisturbed or normal pressure. 

Wo may evidently put pM = • 

^ Forming a himilur exprcsHiuii for ps and subtracting 

E 

Pn ‘PM = u(Wif “Mm)i 

and substituting in (1) 

E KAl 

Turning now to the forces acting on tluj layer originally 
between M and N and 1 sq. cm. in cross section, w’o have P+Pk 
at N and P-f jum at M, W'hrcre P is the normal j»roasiir(* There is 
also the applied force. If this is X pci mass 1, and if the normal 
density is p, then the total iorce on jua.sH pMN is 

pN ~ Pm H- XpMN, 

and tlio acceleration is 

pNM ' ■ ■ 

Equating (4) and (5^ wc (ihtaiii 

/> V PN -J>M. J 

If the disturbance is so small that the change in volume may be 
taken as exactly piojiortional to tlic cliange in pressure, then E 
is ooubtaiit. If then X = 0, or there is no external a]»plied force, 

E/p 

(the value found in O A lb) But if the disturbance is great 
wo can no longer assume that E is the same for all changes of 
volume. VVe may, however, siqqtoso that the clmiige of iirosburo 
consists of two terms; (1) a term exactly proportional to the 
change in volume , (2) a t<*Tm, iii general very small, expressing 
the aivergeneo from piojiortionaUty. If wo like, we may regard 
the second term as an a]»j»lied force sujierposod on the force ex- 
pressed in the first term, and tlicn trace the elFect in equation (6). 
The relation between pres.sure and volume m air for sound dis- 
turbance is the adiuhatie relation 

eoiistaiit. 

where 7= ratio of s}»eeific heats. If P change to P+7) and V to 
V-r, 

(1>4 7 ))(V r)’>' = PV^ 


( 6 ) 


( 6 ) 




E.xpanding the right liand and neglecting powers above the 
second, 

J.-Ty .J yj 

(f the second term on the rigliL did not exist, wo should have 
P 71^ , 

and the elasticity would have the euiistant value 

K yV, 

Wo assume now that the elasticity does have this value, and that 
the second term is an applied forc'o superposed 011 the jiressures 
deduced from a constant elasticity which were used in obtaining 
equation (6). In that eijuatioii wo must take the ajiplied force 
on element cross section 1-, length M, as 

p.NM.X = excess of pressure denoted by second term at N, 

- ,, ,, ,, ,, at M. 

/M I 

Now in the denominator of the fraction in (6), pn-PM represents 
pressures deduced from a constant elasticity, so that. 


iminator of the fraction in (6 
id from a constant elasticity, 


Substituting these values in (6) 

= |{l + (T,+l)«} 

^sinoe £=7? and^y^^ is in the limit equal to 

or 


from (3) 




E . 7+1 

p 2 


(7) 



dU/ttae0 


This result implies that the different parts of a wave 
move on at different rates, so that its form nrast change. 
As wo obtained the result on the sup^xisition of unchanged 
form, we can of 
course only apply 
it for such short 
lengths and such 
short times that 
the part dealt 
with does not ap- 
preciably alter. 

We see at once 
that, where ?/~0, 
the velocity has 
its ‘‘normal” 
value, while where 
u is positive the 
velocity is in ex- 
cess, and where f/ 
is negative tlie 
velocity is in de- 




Fit; 


feet of the normal value. If, then, a (Fig. represent 
the displacement curve of a train of waves, 6 will re^ 
present the pressure excess and ]>ariicle velocity, and from 
( 7 ) wo see that while the nodal conditions of 6, with 

p — 0 and w~0, travel with velocity >y/^, the crests exceed 
that velocity by ^ ^ ?/, and the hollows fall short of it by 

with the result that the fronts of the pressure 

waves become steeper and steeper, and the train 6 changes 
into something like c. If the steepness get very great our 
investigation cease.s to apply, and neither experiment nor 
theory has yet shown what happens. Probably there is a 
breakdown of the wave somewhat like the breaking of a 
water-wave when the crest gains on the next trough. In 
ordinary sound-waves the elfect of the particle velocity in 
affecting the velocity of transmission must be very small. 

Experiments, referred to later, have been made to find the 
amplitude of swing of the air jiaitielea in organ pijios. Thus 
Mach found an amplitude 0‘2 cm. when the issuing waves were 
250 cm. long. The amplitude in the pipe was probably much 
greater than in the issuing waves. Lot us take it h.s 0‘1 min. ‘ 
ill the waves — a very extreino value. The maxirnuiii particle 
velocity is 2ir7ta (where n is the frequency and a the amplitude), 
or 2ir«U/\. This gives maximum u = about 80 , which 

would not seriously change the form of the wave in a few wave 
lengths. Meanwhile the waves are B])reading out and the value 
of u is falling in inverse proportion to the distance from the 
source, so that x’ery soon its effect must become negligible. 

But in loud sudden sounds, such as a peal of thunder 
or the report of a gun, the effect may be more considerable, 
and there is no doubt that with such sounds the normal 
velocity is quite considerably exceeded. Thus there is tho 
old observation of Parry (§ 23 , O. A.) that from a distance 
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the report of a gun was heard before the word “Fire.” 
More recently Jaquea {Phil Mag, 1879, vii, p, 219) has 
investigated the transmission of the report from a cannon 
in different directions, finding that it rose to a maximum 
of 1267 at 70 to 90 feet in the rear, and then fell 

off. If, too, the sound be confined in pipes so that the 
intensity cannot diminish rapidly the normal velocity is 
exceeded. Thus Kegnault in his classical ex|)eriments 
{Phil, Mag, 1868, xxxv. p. 161) found that the velocity of 
the report of a pistol carried tlirough a i)ipe diminished 
with the intensity, and his results have b(3en confirmed by 
Viollo and Vautior {Phil, Ma^, 1888, xxvi. p. 77). Possibly 
the prolonged boom into which the report of a gun changes 
at a distance is due to some kind of break-down and 
lengthening out of the original disturbance when the front 
of the pressure wave becomes impossibly steep. 

Some light has been thrown on the curious “ whispering 
gallery ” caiae of reflection of sound by observations made 
a St llayleigh in the circular gallery at the 

e ec on. dome of St. Paul’s Cathedral. An 

old explanation of the effect consisted in ascribing it to the 
concentration of the sound rays after single reflection from 
the surface to a focus conjugate to the source, or to the 
crowding in a caustic (O. A. § 38). Put Lord llayleigh finds 
that “ the abnormal loudness with which a wfliisper is heard 
is not confintsd to the position diametri(;ally oi)posit^ to that 
occupied by the whisperer, and therefore, it would api>ear, 
does not depend materially upon the symmetry of the dome. 
The whisper seems to creep round the gallery horizontally, 
not necessarily along the shorter iy*c, but rather along that 
arc towards which the whisi)erer faces. This is a conse- 
quence of the very unequal audibility of a wdiis|K?r in front 
and .behind the s])eaker, a phenomenon wdiich may easily 
be observed in the open air ” {Sound, ii. § 287). 

L«t Fig, represent a horizontal soctioii of tho dome throinj;h 
tho source 1*. bet OPA l)e tlio radius through 
'x. P, Lot PCJ> Tcprosoiit a ray of sound making 
^ B with the tangent at A. Jjct ON = OP ro.s 0 
/ ^ yA* he llie ppr])cndicular on PQ. Then tho n* 

I ( ov 1/ j fleeted ray QR and tho ray reflected at K, and 
\ / so on, will all touch tho circle drawn witli OX 

i'5 y as radius. A ray making less than B with 
tlie tangent ivill witli its reflections touch a 
larger circle. Iloiico all rays between +B will 
Fig. 3. be eonfiiied in llio space hetw'een the outer 

dome and a eiiolo of radius OP eos B, and tho 
weakening of intensity will he clncfly due to vertical spreading. 

Rayleigh points out that this clinging (ff the sound to 
tho surface of a concave wall docs not depend on the 
exactness of the spherical form. He suggests that the 
propagation of earthquake disturbances is probably affected 
by the curvature of the surface of the globe, which may act 
like a whispering gallery. 

In some cases of echo, when tho original sound is a 
compound musical note, the octave of the fundamental 
tone is reflected much more strongly than that tone itself. 
This is explained by Rayleigh {Sound, ii. S 296) as a 
consequence of the irregularities of the reflecting surface. 
The irregularities send back a scattered reflection of the 
different incident trains, and this scattered reflection 
becomes more copious the shorter tho wave length. 
Hence the octave, though comparatively feeble in the 
incident train, may predominate in the scattered reflection 
constituting tho echo. 

Osborne Reynolds {Proc, R, S. xxii. 1874, j). 531) first 
pointed out that refraction would result from a varia- 
Tempem. tion in the temperature of the air at different 
tun heights. The velocity of sound in air is inde- 
nfnetioa. of the pressure, but varies with the 

temperature, its value at C. being (O, A. § 18) — 


where is the velocity at 0" C., and a is the coefficient of 
expansion *00365. Now if the temperature is higher 
overhead than at tho surface, tho velocity overhead is 
greater. If a wave front is in a given }K)siti(m, as a 1, 
(Fig. 4), at a given instant, the upper part moving faster 
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Fig. 4. 

gains on the low*er, and the front tends to swing round as 
shown by the successive positions in a 2, 3, and 1 , that is, 
the sound tends to come down to the surface. This is well 
illustrated by the remarkable horizontal carriage of sound 
on a still clear frosty morniiig, when the surface layers of 
air are decidedly colder than those above. At sunset, loo, 
after a w’arm day, if the air is still, the cooling of the 
earth by radiation cools the lower layers, and s(»uiid carries 
excellently over a level surface. Ibit usually the lower 
layers are warmer than the ujqier la>L‘rs, and the vehx'ity 
below is greater tliaii the velf>city above. (Vmse(|uently a 
wave front such as h [ tends to turn upw^ard^, as shown in 
the successive positions f* 2, 3, and I Sound is then not 
so w'ell heard along the level, but may still reach an 
elevated observer. On a hot MimiiHU* s day the i»*inpera- 
turo of the surface layers may bo much liigher than that 
of the higher layers, and tlie eflect on the horizontal 
carriage of sound may be very marked. 

It is well knowui that sound travels far better with the 
w*ind than against it. Stokes sliowed that this eflect is 
one of reiractioii, due to variation oi v(4o(‘ity of 
the air from the surface upwards {/i. A, Rep. 

1857, ]>. 22). It is, of course, a matter of 
common observation that the wuiid increases in velocity 
from the surface upwards. An excellent illustration of 
this increase was pointed out by Osier in tho shape of old 
clouds; their upper portions always appear dragged for- 
ward and they lean over, as it were, in tho dneetioii in 
wdiich the wind is going. The same kind of thing iia])pens 
with sound-w\ave fronts when travelling with the wind. 

The velocity of any part of a wavefront relative to the 
ground will be the normal velocity of sound •+• the 
velocity of the wind at that jioint. Since the velocity 
increases as we go upwards, the front tends to swing 
round and travel downwards, as shown in the successive 
jiositions a 1, 2, 3, and i, in Fig 4, when wo must suppose 
tho wind to be blowing from left to right. Rut if the 
wind is against the sound the velocity ot a ]»onit of the 
w*avo front is the normal velocity - the wind velocity at 
the }K)int, and so decreases as wo rise. Then the front 
tends to swing round and travel upwards as show'ii in the 
successive positions b 1, 2, 3, and 4, in J'ig 4, where the 
wind is travelling from right to left. In the first case the 
waves are more likely to reach and be perceived by an 
observer level with tho sonn*e, wiiile in the second case 
they may go over his head and not be heard at all. 

Many of the vvell-kiiowTi jihenonicna of optical diffrac- 
tion may Iw imitated with sound-waves, especially if the 
waves be short. Lord Rayleigh has given various ex- 
amples, and accounts of exjierimeiits anti theory will be 
found in his Sound, vol. ii. 

A simple mode of forming Lissajous figures, to find the 
ratio of the frequencies of two forks, consists in attaching 
two small plane mirrors, one on the prong of 
one fork, tho other on a prong of another 
fork. The two forks are arrangeil so that 
one vibrates in a vertical, the otlier in a horizontal 
jilane, and they are so placed that a converging beam 
of light, received, in one mirror, is reflected to the 

S. I.- 7 
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other and then brought to a point on a screen. If the 
first fork alone vibrates, the point on the screen appears 
lengthened out into a vertical line through the clianges in 
inclination of the first mirror, while if the second fork 
alone vibrates, the ])oint appears lengthened out into a 
horizontal line. If both vibrate, the point describes a 
curve which appears continuous through the persistence of 
the retinal inifiression. The curve is named a Lissajous 
figure after tlie devisor of this method of investigation. 
Lissajous also obtained the figures by aid of the vibration 
microscope, an instrument which he invented. Instead of 
a mirror, the objective of a microscope is attached to one 
prong of the first fork and the eye-piece of the microscope 
is fixed behind the fork. Instead of a mirror the second 
fork carries a bright point on one jirong, and the micro- 
scope is focussed on this. If both forks vibrate, an observer 
looking through the microscojie sees the bright point 
describing Lissajous figures. If the two forks have the 
same fre<|uency, it is easily seen that the figure will be 
an ellipse (including as limiting cases, depending on rela- 
tive amplitude and phase, a circle and a straight line). 
If the forks are not of exactly the same frequency the 
ellipse will slowly revolve, and from its rate of revolution 
the ratio of the frequencies may be determined (Rayleigh, 
Sounds i. § 33). If one is the octavo of the other a figure 
of 8 may bo described, and so on 

Koenig has devised a clock in which a fork of frequency 
64 takes the place of the pendulum ( Wied. Ann. ix. p. 

394, 1880). The motion of the fork is main- 
clock acting through an escape- 
cIocaT" merit, and tlie dial registers both the number 
of vibrations of the fork and the seconds, 
minutes, and hours. Jly comparison with a clock of 
known rate the total number of vibrations of the fork 
in any time may be accurately determined. One prong 
of the fork carries a microscope objective, jiart of a 
vibration microscoiie, of wducli the eye-piece is fixed at 
the back of the clock, and the Lissajous figure made by 
the clock fork and any other fork may be observed. With 
this apparatus Koenig studied the effect of temperature 
on a standard fork of 256 frequency, and found that the 
frequency decreasetl by *0286 of a vibration for a rise of 
1**, the frequency being exactly 256 at 26*2'’ C. Hence 
the frequency may be ]mt as 256 [ 1 - -000113 {t - 26*2)}. 

Koenig also used the apparatus to investigate the effect 
on the frequency of a foi k of a resonating cavity placed 
near it. Ho found that when the pitch of the cavity was 
below that of the fork the pitch of the fork was raised, 
and vice versd. But when the pitch of the cavity was 
exactly that of the fork when vibrating alone, though it 
resounded most strongly, it did not affect the frequency of 
the fork. Those effects have been explained by Lord 
Rayleigh (Sounds i. § 117). 

In the stroboscopic metluid of M‘Leod and Clarke, the 
full details of which will bo found in the original memoir 
(Phil. 'Pram. 1880, j>art i, p. 1), a cylinder 
mad ruled w-ith eijuidistant white lines parallel to 

Clmrk»*a the axis on a black ground. It is set so that 
Mtrobo- it can be turned at any desired and determined 
Mcopjc speed about a horizontal axis, and when going 
fast enough it appears grey. Imagine now 
that a fork with black prongs is held near the cylinder 
with its prongs vertical and the plane of vibration parallel 
to the axis, and suppose that we watch the outer outline 
of the right-hand prong. Let the cylinder be rotated so 
that each white lino moves exactly into the place of the 
next while the prong moves once in and out. Hence 
when a white line is in a particular position on the 
cylinder, the prong will always be the same distance 
along it and cut off the same length from view. The 


most will be cut off in the position of the lines corre- 
sponding to the furthest swing out, then less and less 
till the furthest swing in, then more and^ more till the 
furthest swing out, when the appearance will be exactly 
as at first. The boundary between the grey cylinder and 
the black fork will therefore appear wavy with fixed un- 
dulations, the distance from crest to crest being the 
distance between the lines on the cylinder. If the fork 
has slightly greater frequency, then a white line will not 
quite reach the next place while the fork is making its 
swing in and out, and the waves will travel against the 
motion of the cylinder. If the fork has slightly less 
frequency the waves will travel in the opposite direction, 
and it is easily seen that the frequency of the fork is the 
number of white lines passing a point in a second ± 
the number of waves passing the point per second. This 
apparatus was used to find the temperature coefficient of 
the frequency of forks, the value obtained -■60011 being 
the same as that found by Koenig. Another important 
result of the investigation was that the phase of vibration 
of the fork was not altered by bowing it, the amplitude 
alone changing. The method is easily ada])ted for the 
converse determination of sjiced of revolution when the 
frequency of a fork is known. 

The phonic wheel, invented independently by La Cour 
and Lord Rayleigh (sec J^ound, i. § 68 c), consists of a 
wheel carrying several soft iron armatures fixed 
at equal distances round its circumference. 

The wheel rotates between the poles of an wtaeL 
electro-magnet, which is fed by an intermittent 
current such as that which is working an electrically 
maintained tuning-fork (see infi'a). If tlie wheel be 
driven at such rate that tlie armatures move one place 
on in about tlie jnriod of the current, then on putting 
on the curi*ent the electro-magnet controls the rate of tlio 
wheel so that the agreement of period is exact, and the 
wheel settles down to move so that the electric driving 
forces just supply the work taken out of the wheel. If 
the wheel has very little work to do it may not neces- 
sary to apj)ly driving power, and uniform rotation may be 
maintained by tlie electro - magnet. In an experiment 
described by Rayleigh such a wlieel provided with four 
armatures was used to determine the exact frequency of a 
driving fork known to have a frequency near 32. Thus the 
wheel made about 8 revolutions jier second. There was 
one opening in its disc, and through this was viewed the 
jiendulum of a clock beating seconds. On the pendulum 
was fixed an illuminated silver bead which appeared as a 
bright jioint of light when seen for an instant. Suppose 
now an observer to bo looking from a fixed point at the 
bead through the hole in the yihonic wheel, ho will see the 
l)oad as 8 bright points hashing out in each beat, and in 
succession at intervals of J second. Let us suppose that 
he notes the positions of two of these next to each other 
in the beat of the yieiKlulum one way. If the fork makes 
exactly 32 vibrations and the w'hecl 8 revolutions in one 
pendulum beat, then the positions will be fixed, and every 
two seconds, the time of a complete pendulum vibration, 
he will see the two positions looked at flash out in succes- 
sion at an interval of ^ second. But if the fork has, say, 
rather greater frequency, the hole in the wheel comes 
round at the end of the two seconds before the bead has 
quite come into position, and the two flashes appear 
gradually to move back in the opposite way to the pen- 
dulum. Suppose that in N beats of the clock the flashes 
have moved exactly one jdace back. Then the first flash 
in the new positipn is viewed by the 8Nth passage of the 
opening, and the second flash in the original position of 
the first is viewed when the pendulum has made exactly 
N beats and by the (8 N l)th passage of the hole. Then 
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the wheel makes 8 N + 1 revolutions in N clock beats, and 
the fork makes 32 N + 4 vibrations in the same time. If 
the clock is go^g exactly right, this gives a frequency for 

4 

the fork of 32 + If the fork has rather less frequency 
than 32 then the flashes apjicar to move forward and the 

4 

frequency will bo 32 - In Rayleigh’s experiment the 

32 fork was made to drive electrically one of frequency 
about 128, and somewhat as with the phonic wheel, the 
frequency was controlled so as to be exactly 4 times that 
of the 32 fork. A standard 128 fork could then be com- 
pared either optically or by beats with the electrically driven 
128, and the frequency of the standard determined. 

A very noticeable illustration of the alteration of pitch by 
motion occurs when a whistling locomotive moves rapidly 
past an ol^scrver. As it j^asses, the pitch of the 
^!rtac*ph. quite appreciably. The explanation 

is simple. The engine follows up any wave that 
it has sent forward, and so crowds up the succeeding waves 
into a less distance than if it remained at rest. It draws 
off from any wave it has sent backward and so spreads the 
succeeding waves over a longer distance than if it had 
remained at rest. Hence the forward waves are shorter 
and the backward waves are longer. Since U ~ nk where 
U is the velocity of sound. A, the wave length, and n the 
frequency, it follows that the forward frequency is greater 
than the back%vard frequency. 

The more general case of motion of source, medium, end re- 
ceiver, may ho treated very easily if ^le motions are all in the 
line joining source and receiver. Let S (Fig. 5) be the source at a 
given instant, and let its frequency of vibration, or tho number of 
waves it sends out per second, be n. Let S' bo its position, one 
second later, its velocity being u. Let R be the reeeiver at a 
given instant, R' its jiosition a second later, its velocity being v. 
liot the velocity of tin* air Irom S to R bo u\ and lot U be the 
velocity of sound in still air. If all were still, tho n waves 
cmittea by S in one second would spread over a length U. But 
through the \s ind velocity the first wave is carried to a distance 

Fig, 5. 

U + w’from S, while through the motion of the source the last 
wave IS a distance n from S. Then the n waves occupy a space 
V + w^n, Now turning to tho receiver, let us consider \^hat 
length is occu])ied by the waves which pass him in one second. 
If he were at rest, it wtmld be tho waves in length U I w, for tho 
wave passing him at the beginning of a second would be .so far 
distant at the end of the second. But through his motion v in 
the second, ho receives only the waves in distance + 

Since there are n waves in distance U 4- w - u the number lie 
actually receives is 

U -4- - V 
U H w - u 

If the velocities of source and receiver are equal then the fre- 
quency is not aflbeted by their motion or by tho wind. But if 
their velocities are different, the frequency of tho waves received 
IS affected both by these velocities and by that of the wind. 

The change in pitch through motion of the source may 
be illustrated by putting a pitch-pipe in one end of a few 
feet of rubber tubing and blowing through the other end, 
while the tubing Ls whirled round tho he^. An observer 
in tho plane of the motion can easily hear a change in the 
pitch as the pitch-pipe moves to and from him. 

A musical note has a deflnite pitch or frequency, that 
is, it is a disturbance of deflnite periodicity. Yet notes 
o m same pitch, emitted by different instru- 

ments, have quite different timbre or quality. 
The three characteristics of a longitudinal periodic dis- 
turbance are its amplitude, the length after which it 
repeats itself, and its form which may be represented by 
the shape of the displacement curve. Now the amplitude 
evidently corresponds to the loudness, and the length of 


period corresponds to the pitch or frequency. Hence we 
must put down the quality or timbre as depending on tho 
form. 

The simplest fonu of wave, so far as our sensation goi s. that 
is, the one giving rise to a pure tone, is, we have ev<‘ry mason to 
suppose, one in which tho displacement is represented by a 
harmonic curve or a curve of sines, 

y~aHmm{x - r). 

If we put this in the form 

y“fflMn-^(a’ e), 

wo see that y=-0, for a?— c, e ^ ^4 and so on, that y 

X X 2X 

is 4* from arstc to ^ - from r 4 - to r -i , and so on, and 

that it alternates between the values -f- a and - a. 

The form of tho curve is evnlently ns rci»reseiited in Fig. fi, 
and it may easily be drawn to exact scale Irom a table of sines. 



In this curve ABCD are nodes OA=^r js termed tho epoeh, 
being tho distance from O of the first ascending node. AO is tho 
shortest distance after whicli the curve begins to repeat itself, 
this lentil X is termed the waie length. The maximum 
height of tho curve HM=a is the amplitude If we transfer 0 
to A, e = 0, and the curve may be represented by 

27r 

y — ahin .e. 

A 

If now the curve moves along unchanged in form in the direc- 
tion ABC with uniform velocity U, tlie epoch r = OA at any time 
t will be U/., so that tho value of ?/ may be 1 epresented as 

y = a sin . (1 1 

The velocity perpendicular to the axis of any point on the curve 
at a fixed distance x from O is 


dt 


2Trlbr 27r 
- — I'US 






The acceleration j»erpcndiculai to tho axis is 


(T-y 

dt-' 




27r 


1-0 


= 

which is an equation charaeteristie of simple harmonic motion. 

The chief experimental basis for supposing that a train 
of longitudinal waves with disjdacement cur\ e of this kind 
arouses the sensation of a imre tone, is that tho more 
nearly a source is made to vibrate with a single simple 
harmonic motion, and therefore, presumably, the more 
nearly it sends out such a harmonic train, the more nearly 
does the note heard approximate to a single jiure tone. 


The average energy per vv. of a harmomo train of v aves may 
easily be calculated. If p is the density, tho kinetic energy in a 
length X parallel to ABC, of cross section 1 sq. cm. , is 

. from (2) 

X * 

The potential energy in volume cross section 1 length dz, 
manifested by the strain, may bo calculated since it is equal to 
average pressure x strain produced, 



where p is the pressure excess and v the volume change per unit 
volume. 
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Kow from equation (3) in the investigation of the velooity of 
sound (supra), we see that 


while putting V = 1 


p= - £ 

dx 


dx* 


Inserting these values and integrating the potential energy be- 
tween x^O and aj=X, wo have 

-fVp =^~rY^ax+^N^J>Ydx. 

Jo\ )fU J 0 dx 2j 0 \dxJ 

But diiferentiating (1) above 

00.^1 (x-Vt), 

dx A A 

and as this has equal + and - values over a length x^\ the first 
integral sO. Tho second gives on integration 

“x • 

Then, since E^pXPj the potential energy in one wave length, 
cross section 1, 

X ■ 

The total energy, kinetic + potential, in a length X of cross section 
1 18 equally divided between tho two kinds, and is 

'"X 

If wo regard this energy as travelling on with velocity TJ, tho 
quantity passing across one sq. cm. in one second is if/X limes 
as great, or 

2p7r«U*«a 

X**” * 

This gives tho measure of the intensity of tho sound on the 
supposition that loudness or intensity is to bo measured by 
energy received per sq. cm. per second. From the values of the 
particle velocity and tho pressure excess, it is easy to express the 
intensity in terms of these quantities. 

Any pcrioilic curve may bo resolved into sine or harmonic 
, curves by Fourier’s theorem. 
tSUonm. Suppose that any periodic sound disturbance, 
consisting of plane waves, is being propagated 
in the direction A BCD, Fig. 7. Let it be represented by 



Fig 7. 

A disjdaceinont curve AHBKC. Its periodicity implies 
that after u certain distance the displacement curve exactly 
repeats itself. Let AC be the shortest distance after 
which the repetition occurs, so that CLDME is merely 
AHBKC moved ou a distance AC. Then AC — A is 
the wave length or period of the curve. Let ABCD he 
drawn at such level that the areas above and lielow it 
are equal ; then ABCl ) is the axis of tho curve. Rince 
tho curve repr(?scnt3 a longitudinal disturbance in air it is 
always continuous, at a finite distance from the axis, 
and with only one ordinate for each abscissa. 

Foiirior’s theorem assurt'^ that aueh a curve may bo built uj» by 
tlie superposition, or udihti*>u of ordinates, of a scries of sine 

curves of wave lengths X, ^ ... if tho ainplitudes a, 6, c 

2 it 4 

. . . and the epochs s, /, (/ . . . are suitably adjusted, and the proof 
of the theorem gives rules lor finding those quantities when the 
original curve is known. XVe may therefore put 

y = tt sill + 6 sin ~ (a?-/) sin ^ (a: - + etc. (1) 

whore the terms may be infinite in number, but always have 
wave lengths subnmltiples of the original or fundamental wave 
length X. Only one such resolution of a given periodic curve is 
possible, and each of the constituents repeats itself not only in 
its ow'n wave length X/ 71 , but also evidently in the fundamental 


wave lens^h X. The sucoessive terms of (1) are called the har- 
monies of ths first term. 

It follows from this that any periodic disturbance in 
air can be resolved into a definite series *of simple har- 
monic disturbances of wave lengths equal to the original 
wave length and its successive submultiples, and each of 
these would separately give the sensation of a pure tone. 
If the series wore complete, we should have terms which 
separately would correspond to the fundamental, its octave, 
its twelfth, its double octave, and so on. Now we can 
see that two notes of tho same pitch, but of different 
quality, or different fonn of displacement curve, will, when 
^us analysed, break up into series having tho same har- 
monic wave lengths ; but they may differ as regards the 
members of tho series present and their amplitudes and 
epochs. We may regard quality, then, as determined by 
the members of the harmonic series present and their 
amplitudes and epochs. It may, however, be ' stated here 
that certain experiments of Helmholtz appear to show that 
the epoch of tho harmonics has not much effect on tho 
quality. 

Fourier’s theorem can also be usefully applied to tho disturb- 
ance of a source of sound under certain conditions. Tho nature 
of these conditions will be best realized by considering the case 
of a Btretobed string. It is shown, in O. A. § 66, how tho vibrations 
of a string may be deduced from stationary waves. Lot us hero 
suppose that tne string AB is displaced into tho form AHB (Fig. 
8). Then lot us iniagaie it to form half a wave lenglli of tlio 
extended train ZGAHBKC, on an indefinitely extended stretched 
string, the values of ^ et equal distances from A (or from B) being 
equal and opposite. Then wo may suppose the vibrations of the 
string to be represented by tho travelling of two trains in opposite 
directions each with vt'loeity 

sj tun.sion-r*mas8 per unit length 

each half tho height of the train roprosonted in Fig. 8. For 
the superposition of tlieso trains will give a stationary wave 
between A and B. Now wo may resolve these trains by 

Fourier’s theorem into harmonics of wave lengths X, \ ole, 

2 o 

where X = 2AB and tho condition as to tho values of yean bo 
shown to require that the harmonics sliall all have nudes, coincid- 
ing with tho nodes 

of the fiinda- h 

mental curve. 

Since the velo- 
city is the same 
for all distiirb- 
HiicoB they all 
travel at the same 



Fig. 8. 


speed, and the two trains will always remain of tho same form. 
If then wo resolve AHBKC into harmonics by Fourier’s theorem, 
we may follow the motion of the separate harmonics, and their 
super(>osition will give the form of the string at any instant. 
Further, tho same haniiouics with the same amplitude will 
always bo x>resent. 

We see, then, tliat tho conditions for the application 
of Fourier’s theorem are ecjuivaleiit to saying that all 
disturbances will tmvel along the system with tho same 
velocity. In many vibrating systems this does not hold, 
and then Fourier’s theorem is no longer an appropriate 
resolution. But where it is appropriate, the disturbance 
sent out into the air contains the same harmonic series as 
the source. 

The question now arises whether the sensation produced 
by a jieriodic disturbance can be analysed in correspond- 
ence with this geometrical analysis. Using the term 
note for the sound produced by a periodic disturbance, 
there is no doubt that a well-trained ear can resolve a 
note into pure tones of frequencies eijual to those of the 
fundamental and its harmonics. If, for instance, a note is 
struck and held down on a piano, a little practice enables 
us to hear both the octave and the twelfth with the funda- 
mental, especially if wo have previously directed our 
attention to these tones by sounding them. But the 
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harmonics are most readily hoard if we fortify the ear 
by an air cavity with a natural period equal to that of 
. the jiarmonic to be sought. The form used 
* * by Helmholtz is a globe of thin brass with a 

large hole at one end of a diameter, at the other end of 
which the brass is drawn out into a short, narrow tube 
that can be put close to the ear. But a card-board tube 
closed at one end, with the open end near the ear, will 
often suffice, and it may be tuned by more or less covering 
up the open end. If the harmonic corresponding to the 
resonator is present its tone swells out loudly. 

This resonance is a particular example of the general 
principle that a vibrating system will be set in vibration 
by any periodic force applied to it, and ultimately in the 
])eriod of the force, its own natural vibrations giadually 
dying down. Vibrations thus excited are termed Forced 
Vibrations, and their amplitude is greater the more nearly 
the period oAhe applied force approaches that of the system 
when vibrating freely. The mathematical investigation of 
forced vibrations (Rayleigh, Sound, i. § 46) shows that, if 
there were no dissipation of energy, the vibration would in- 
crease indefinitely when the periods coincided. But there is 
always leakage of energy either through friction or through | 
wave-emission, so that the vibration only increases up to 
the point at which the leakage of energy balances the 
energy put in by the applied force. Further, the greater 
the dissipation of energy the less is the prominence of 
the amplitude of vibration for exact coincidence over the 
amplitude when the i)eriods are not quite the same, though 
it is still the greatest for coincidence. 

According to Helmholtz, the ear probably contains within 
it a series of resonators, with smdl intervals between the 
periods of the successive members, while the 
whole range of audible 
\aMly 99 r, pil'Ch. We need not hero ontcjr into the (ques- 
tion of the structure constituting these re- 
sonators. Each of them is supposed to have its own 
natural frequency, and to be set into vibration when the 
ear receives a train of waves of that frequency. The 
vibration in some way arouses the sensation of the corre- 
sponding tone. But the same resonator will be appreciably 
though less afiected by waves of frequency differing slightly 
from its own. Thus Helmholtz from certain observations 
(Rayleigh, Sound, ii. § 388) thought that if the intensity 
of response by a given resonator in the ear to its own tone 
is taken as 1, then its resq)onse to an equally loud tone a 
semitone different may be taken as about According to 
this theory, then, when a pure tone is received the auditory 
apparatus corres]3onding to that tone is most excited, but 
the apparatus on each side of it is also excited, though by 
a rapidly diminishing amount, as the interval increases. 
Tf the sensations corresponding to these neighbouring 
elements are thus aroused, we have no such perception as 
a pure tone, and what we regard as a pure tone is the 
mean of a grouq) of sensations. The sensitiveness of the 
ear in judging of a given tone must then correspond to the 
accuracy with which it can judge of the mean. 

Determinations of the pressure changes, or extent of 
excursion of the air, in sounding organ q)ij)e8 have been 
made by Kundt {Pogg, Ann, cxxxiv. 1868, p. 
163), Topler and Boltzmann {Poqq, Ann, cxli., 
Hott, or Rayleigh, Sound, § 422a), and Mach {Optisch- 
Akuatischen Verauche), Mach’s method is per- 
haps the most direct. The pipe was fixed in a hori- 
zontal position, and along the top w^all ran a platinum 
wire wetted with sulphuric acid. When the wire was 
heated by an electric current a fine line of vapour de- 
scended from each drop. The pipe was closed at the 
centre by a membrane which prevented a through draught, 
yet permitted the vibrations, as it was at a node. The 


vapour line, therefore, merely vibrated to and fro when the 
pipe was sounded. The extent of vibration at different 
qwirts of the piqie was studied through a glass side wall, 
a stroboscopic method being used to get the position of 
the vapour line at a definite part of the vibration. Mark 
found an excursion of 0*4 cm. at the end of an ojien ])ipe 
125 cm. long. The amplitude found by the other observers 
was of the same order. 

Lord Rayleigh has made experiments by two diflerent 
methods to determine the amplitude (jf vibration in waves 
only just audible {Sound, ii. § 384). It will Minimum 
be sufficient to indicate the second method, umpiitudd 
A fork of frequency 256 was used as the of audible 
source. The energy of this fork with a given *®“"^** 
amplitude of vibration could be calculated from its* dimen- 
sions and elasticity, and the amplitude was observed 
by measuring with a microscope the line into which the 
image of a starch grain on the prong w^as drawn by 
the vibration. The rate of loss of energy w'as cal- 
culated from the rate of dying down of the vibration. 
This rate of loss for each ainjilitude Avas determined 
(1), when the fork was vibrating alone, and (2) when a 
resonator was qdaced with its month under the tree ends 
of the fork. The diftbrence in loss in the two eases 
measured the energy given up to and sent out by 
the resonator as sound. The amplitude of the fork was 
observed when the sound just ceased to be audible at 27*4 
metros away, and the rate of energy emission from the 
resonator was calculated to be 42*1 "^'•/■•oond Assuming 
this energy to be proqiagated in liemisqiherK'al waves, it 
is easy to find the quantity ]>er second going through 
1 sq. cm. at the distance of the listener, and thence from 
the energy in a wave, found above, to determine the 
amqilitude. The result was an amplitude of 1*27 x 10'" 
cm. Other forks gave results not very different. M. Wien 
{Wied, Ann, xxxvi. 1889, p. 834) by another method 
has obtained a smaller value still, though one of the same 
order. He used a globular resonator in which the qiressure 
variations could be determined by a contrivance some- 
thing like a delicate aneroid barometer. From the q)ressure 
changes the amplitude w’as known, and from Helmholtz’s 
theory of the resonator the amplitude in the external 
exciting waves was calculated. All the results show that 
“ the streams of energy required to influence the eye and 
ear are of the same order of magnitude.” 

The simple theory of the vibration of air in qiipes, due 
to Bernouilli, practically assumes that a stationary wave 
is formed with a node at a closetl end and 
a loop at an oq>en end. But (as pointed out ^*;*|^”* 
in O. A. § 85) the condition for a loop at an p/p^,. 
open end, that of no pressure variation, can- 
not be exactly fulfilled. This Avould retiuire that the 
air outside should have no mass in order that it should at 
once move out and relievo the air at the end of the pipe 
from any excess of j^ressure, or at once move in and fill uq> 
any defect. There are variations, therefore, at the open 
end, and these are such that the looq) may be regarded us 
situated a short distance outside the end of the pipe. It 
may be noted that in practice there is another reason for 
pressure variation at the end of the qjijie. The stationary 
wave method regards the vibration in the j)ipe as due to 
a scries of waves travelling to the end and being there 
refiected back down the pipe. But the reiiection is not 
complete, for some of the energy comes out as waves; 
hence the direct and reflected trains are not quite equal, 
and cannot neutralize each other at the loop. 

The position of the looj) has not yet been calculated for an 
ordinary open pipe, but Lord Rayleigh has shown {Sound, 
ii. § 307), that for a cylindrical tube of radius R, provided 
with aflat extended flange, the loop may be regarded as about 
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0‘82 H, ill advance of the end That is, the length of the 
pipe must be inci-eased by0'8:lll before applying HernouilWa 
theory. This ia termed tho ond correction. Using this 
resuit Rayleigh found the correction for an undanged 
open end by sounding two pipes nearly in unison, each 
provided with a flange, and counting the beats. Then the 
flange was removed from one and the beats were again 
counted. Tho change in virtual length by removal of tho 
flange was thus found, and the open end correction for the 
unflanged pipe was 0*6 B. This correction has also been 
found by Blaikley by direct experiment (P/iiL Mag. vii. 
1879, p. 339). He used a tube of variable length and 
determined tho length resounding to a given fork, (1) 
when the closed end was the first node, (2) when it was 
the second node. If these lengths are and /g* f^hen 

^2 \ 2 ^ correction for the open end. 

Tlie mean value found was 0*576 11. 

Helmholtz investigated tho velocity of propagation of 
sound in i)ip 08 , taking into account tho viscosity of the air 
Propaga- (B^^yl^iiSh, Sounds ii. § 317), and Kirchhoff in- 
tloa of vestigated it, taking into account both tho 
wMvaala viscosity and the heat communication between 
plpta, walls of the pipe {Sounds ii. 

§ 350). Both obtained tho value for tho velocity 


TT(l- 




wh(‘ni U is the velocity in free air, B is tho radius of tho 
pipe, N tho froquoncy, and p the air density. C is a con- 
stant, equal to th(j coefficient of viscosity in Helmholtz’s 
theory, but loss simple in Kirchholfs theory. Experiments 
on the velocity in pi]ios were carried out by Schneebedi 
(Pofjg. Aim. cxxxvi, 1869, p. 296), and by Seebeck {Pogg. 
Ann. cxxxix. 1870, j). 104) which accorded with this result 
as far as B is concerned, but tho diminution of velocity 
was found to be more nearly proportional to N * 5. Kundt 
also obtained results in general agrconient with tho formula 
(ItayJoigli, Sound, ii. § 260). He used his dust- tube 
inotliod (C). A. § 93). 


Kuiidt’s diist-tiibf may also Ijo omployed for tho determination 
S /// the ratio ol tho 8 ]) 0 uiliu he.itH of a gas or vapour. 

hsatM* ^ ^ voloi-ity of sound in a gas at prossiiro P 

ratio* dousity p, and if waves of length \ and fio- 

quoni'y N are propagated through it, then tho dis- 
aiioe between the dust-heaps is 

, \ _ IJ _ 1 
* 2'2"N 2N 

wln*n* 7 is tlio ratio of tho two s]M'Cifio lieats. If d is measured 
for two gases in succession for the same frequency N, wo have 

7,. pA\ dj 
7i p,l*afV’ 

where the sufrixos denote tho gases to which tho quantities relate. 
If 7 , is known this gives y.^. Kundt and Warburg applied tho 
method to find 7 for mereury vapour {Poyg. Anti, civil. 1876, ]». 
356), using a double foim of the apparatus in which there are two 
dust-tubes worked by the same sounding rod. This rod is siip- 
)>orted at i and ^ of its length wJioro it enters the two dust tubes, 





Fig. 9 


as represented diagraminatieally in Fig. 9. It is stroked 111 tho 
middle so as to excite its second mode of vibration. The method 
ensures that the two frequencies shall be exactly the same. In 
tho mercury exiieriment tho sounding rod was sealed into tlie 
dust- tube, which was exhausted of air, and contained only some 
mercury and some cpiartz dust to give tho heaps. It w^as placed 
in a high tomperatnre oven, where the mereury was evaporated. 
The second tube containing air was outside. When a known 
temperature was attained the sounder was excited, and d^ and d^ 
could be measured. From the tenqieratiire, was know'll, and 
yjyi could then be found. Taking 7 , = 1*41, 7 , was determined 


to he l-ee. Rayleigh and Ramsay (Phil. Trans, A. 1895, part i. 
p. 187) also used a single dust-tube with a sounder to fipn y for 
argon, and again tho value was 1*68. 

When a system is set vibrating and left to itself, the 
vibration gradually dies away as tlie energy leaks out 
either in the waves formed or through friction. 

In order that the vibration may be maintained, 
a periodic force must be applied either to aid the 
internal restoring force on the return journey, or 
weaken it on the outgoing journey, or both. Thus if a pen- 
dulum always receives a slight impulse in the direction of 
motion just about the lowest point, this is equivalent to an 
increase of the restoring force if received before passage 
through tho lowest point, and to a decrease if received after 
that passage, and in either case it tends to maintain the 
swing. If the bob of the pendulum is iron, and if a coil is 
plac^ just below the centre of swing, then, if a current passes 
through tho coil, while and only while tho bbb is moving 
towards it, the vibration is maintained. If tho current is 
on while the bob is ruceding, the vibration is checked. If 
it is always on it only acts as if the value of gravity were 
increased, and does not help to maintain or check the 
vibration, but merely to shorten the period. 

In a common form of electrically maintained 
fork, tho fork is set horizontal with its prongs *' 

in a vertical plane, and a small electro-magnet 
is fixed between them. The circuit of the electro-magnet 
is made and broken by tho vibration of the fork in 
different ways - say, by a wire bridge attached to the 
lower prong which dips into and lifts out of two mer- 
cury cups. The mercury level is so adjusted that the cir- 
cuit is just not made when the fork is at rest. When it 
is set vibrating contact lasts during some part of the out- 
ward and some ])art of the inward swing. But partly 
owing to tlio delay in making contact through the carriage 
down of air on the contact piece, and partly owing to the 
delay in establishing full current through self-induction, 
the attracting force does not rise at once to its full value 
in the outgoing journey, whereas in tho return journey 
the mercury tends to follow U]) the contact piece, and the 
full current continues up to the instant of break. Hence 
the attracting force does more work in the return journey 
tlian is done against it in the outgoing, and the balance is 
available to increase the vibration. 

Ill the organ j)ij)e-- as in the common whistle — a thin 
sheet of air is forced through a narrow slit at|lho bottom 
of the embouchure anil impinges against the top 
edge, which is made very sharj). The disturbance 
made at the commencement of tho blowing will no doubt set 
the air in the pipe vibrating in its own natural period, just 
as any irregular air disturbance will set a susjiended body 
swinging in its natural period, but we are to consider how 
tho vibration is maintained when once set going. When the 
motion due to the vibration is up along the pipe from tlie 
embouchure, the air moves into tho pipe from the outside, 
and carries the sheet-like stream in with it to tho inside 
of the sharp edge. This stream docs work on the air, 
aiding the motion. When the motion is reversed and the 
air moves out of the pipe at the embouchure, the sheet is 
deflected on to the outer side of the sharp edge, and no 
work is done against it by the air in the pipe. Hence 
the stream of air docs work during half the vibration 
which is not abstracted during the other half, and so goes 
on increasing tho motion until the supply of energy in 
blowing is equal to the loss by friction and sound. 

The maintenance of the vibration of the air in the 
singing tulie (described O. A. § 89) has been 
explained by Bayleigh (Sound, ii. § 322 h) 
as due to the way in which the heat is com- 
municated to the vibrating air. When the air in a 
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pipe open at both ends is vibrating in its simplest 
mode, the air is alternately closing into and out from 
the centre, paring the quarter swing ending with 
greatest nodal pressure, the luetic energy is changed to 
potential energy manifested in the increase of })resaure. 
This becomes again kinetic in the second quarter swing, 
then in the thi^ quarter it is changed to ]:K)tentia] energy 
again, but now manifested in the decrease of pressure. 
In the last quarter it is again turned to the kinetic form. 
Now suppose that at the end of the iirst (piarter swing, at 
the instant of greatest pressure, heat is suddenly given to 
the air. The pressure is further increased and the poten- 
tial energy is also increased. There will be more kinetic 
energy formed in the return journey and the vibration 
tends to grow. But if the heat is given at the instant of 
greatest rarefaction, the increase of pressure lessens the 
difference from the undisturbed pressure, and lessens the 
potential enIJrgy, so that during the return less kinetic 
energy is formed and the vibration tends to die away. 
And what is true for the extreme points is true for the 
half periods of which they are the middle points ; that is, 
heat given during the compression 1ml f aids the vibration, 
and during the extension lialf daiiqia it. Now let us 
apply this to the singing tube. Lot the gas jet tube be 
of somewhat less than half the length of the singing tube, 
and let the lower end of the jet tube bo in a wider tube 
or cavity so that it may be regarded as an “open end.'' 
When the air in the singing tube is singing, it forces the 
gas in the jet tube to vibrate in the same period and in 
such phase that at the nozzle the pressure in both tubes 
shall be the same. The lower end of the jot tube, 
being open, is a loop, and the node may be regarded as 
in an imaginary prolongation of the jet tube above the 
nozzle. It is evident that the pressure condition wdll \ye 
fulfilled only if the motions in the two tubes are in the 
sjune direction at the same time, closing into and opening 
out from the nodes together. When the motion is uj>- 
wards gas is emitted ; when the motion is downwards it is 
checked. The gas enters in the half period from least to 
greatest pressure. But there is a slight delay in ignition, 
partly due to expulsion of incombustible gas drawn into 
the jet tube in the previous half period, so that the most 
copious supply of gas and heat is thrown into the quarter 
]Kiriod just preceding greatest pR'ssure, and the vibration 

15 maintain^. If the jet tube is somewhat longer than 
half the sounding tube there will be a node in it, and now 
the condition of equality of pressure Requires opposite 
motions in the two at the nozzle, for their noiles are 
situated on opjiosite sides of that point. The heat com- 
munication is then chiefly in the quarter vibration just 
preceding greatest rarefaction, and the vibration is not 
maintained. 

Wlien a flame is just not flaring, any one of a certain 
range of notes sounded near it may make it flare while 
the note is sounding. This was first noticed by 
SeBMitivg Leconte (Phil, xv. 1858, p. 235), and 

by Barrett (Phil. Mag. xxxiii. 1867, p. 
216). Barrett found that the best form of 
burner for ordinary gas jiressure might be made of glass 
tubing about | inch in diameter contracted to an orifice 
iiich in diameter, the orifice being nicked by a jiair of 
scissora into a V-shape. The flame rises up from the 
burner in a long thin column, but when an appropriate 
not*^ is sounded it suddenly drops down and thickens. 
Barrett further showed by using smoke jets that the flame 
is not essential Tyndall (Sounds Lecture VI. § 7 et seq.) 
describes a number of beautiful exi)eriments with jets at 
higher pressure than ordinary, say 10 inches of water, 
issuing from a pinhole steatite burner. The flame may be 

16 inches high, and on receiving a suitably high sound it 
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suddenly drops down and roars. The sensitive ].oint is at 
the orifice. Lord Rayleigh (Sound, ii. g 370), using as a 
source a “bird-call,” a whistle of high frequency, formed 
a series of stationary waves by reflection at a Hat surlace. 
Placing the sensitive flame at diflerent ])arts of this train* 
ho found that it was e.xcited, not at the nodes wlieic the 
pressura varied, but at the loops whcie the was the 

greatest and when* there wtis little ])ressiire < hange In his 
Sound (ii. chapter xxi.) he has given a iheor\ of the sensi- 
tiveness. When tiie \elocity of the j(»t is gradual!} incieased 
there is a certain range of velocity for which the jet is un- 
stable, 80 that any deviation from the straight rush-out tends 
to increase as the jet moves up ]f then the jet is just on 
the i>oint of instability, and is subjected at its base to alter- 
nations of motion, the sinuosities impressed on the jet 
become larger and larger as it flows out, and the flame is 
as it were folded on itself. Another form of sc?nsitivc! jet 
is very easily made by jmtting a piece of fine wire gauze 
2 or 3 inches above a pinhole burner and igniting the 
gas above the gauze. On adjusting the gas so that it 
burns in a thin column, just not roaiing, it is extra- 
ordinarily sensitive to some particular range of notes, 
going down and roaring when a note is sounded. If a 
tube bo placed over such a flame it makes an excellent 
singing tube. 

If a jet of water issues at an anglt' ti> the htn izontal 
from a round pinhole orifice under a lew inches pressure, 
it travels out as an ajiparently smooth cylinder 
for a short distance, and then breaks up jltM. 

drops which travel at diflerent rates, collide, 
and scatter. But if a tuning-fork of aiipropriate fre- 
quency be set vibrating with its stalk in (*ontact with 
the holder of the pipe from which the jet issues, the 
jet appears to go over in one continuous thread. Inter- 
mittent illumination, howwer, with frecpiency equal to 
that of the fork show^a at once that the jet is leally broken 
up into drops, one for each vibration, and that these move 
over in a steady procession. The eyJindncal form of jet is 
unstable if its length is more than tt limes its diameter, and 
usually the irregular disturbances it receives at the orifice 
go on growing, and ultimately break it u]) irregularly into 
drops w'hich go out at diflerent rates. But, if quite 
regular disturbance.s are inqu-essed on the Jet at intervals 
of time which depend on the diameter and sj)eed of out- 
flow (they must be somewhat more than tt times its diameter 
apart), these disturbances go on growing and break the 
stream up into e(}iuil drops, which all move with the same 
velocity one after the other. An excellent account of 
tlieso and other jets is given in Boys* Soap Puhhks, 
Lecture HI. 

The formation of beats (as desenbed in O. A. § 102) may 
be illustrated by considering the disturbance at any point 
duo to two trains of waves of equal amplitude a 
and of ne.arly equal frequencies n^. If wo 
measure the time from an instant at w'hich the two arc 
in the same phase the resultant disturbance is 
y = a sin 27r?i^t + a sin 2irnJ> 

= 2a cos 7r(nj^ — n.j)f sm 27r - ^ “f, 

which may bo regarded as a harmonic disturbance of fre- 
quency ( 7 i^-f 7/^)/2 but with amplitude 2a cos 
slowly varying with the time. Taking the square of the 
amplitude to represent the intensity or loiidiiess of the 
sound v’hich woidd be heard by an ear at the point, this is 

4a^ cos^ 7r(77, - n,j)/ 

= 2a2{ 1 -I- cos 27r(Uj - n.y)/}, 

a value which ranges lietween 0 and 4«“ with frequency 

— n.^ The sound sw’ells out and dies down 
times per second, or there are tq - Uy beats per second. 
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If, instead of considering one point in a succession of 
instants, we consider a succession of points along the line of 
propagation at the same instant, we evidently have waves 
of amplitude varying from 2a down to 0, and then up to 
2a again in distance If the difference of 

frequency of the two tones is so great that the beats are 
not heard separately, and if the two sounds are of sufficient 
loudness, then a tone is heard of the same frequency, 

- Tij, as the beats. This tone was first discovered by 
Serge "in 1740, and independently a few years later by 
Tartini, after whom it is named. It may easily be heard 
when a double whistle with notes of different pitch is 
blown strongly, or when two gongs arc loudly sounded 
close to the luMirer. It is heard, too, when two notes on 
the liarinoniiim are loudly sounded. Fonncrly, it was 
generally supjMJsed that the Tartini tone was due to the 
belts tiiein selves, that the mere variation in the amplitude 
was equivalent, as far os the ear is concerned, to a super- 
position on the two original tones of a smooth sine dis- 
placement of the same periodicity as that variation. This 
view has still some sniiporters, and among its recent 
advocates are Koenig and Hermann. But it is very diffi- 
cult to suppose that the same sensation would be arou.sed 
by a truly periodic displacement represented by a smooth 
curve, and a displacement in which the period is only in 
the amplitude of the to-and-fro motion, and which is 
represented by a jagged curve. No (3Xplanation is given 
by the supposition ; it is merely a statement which can 
hardly be accepted unless all other ex})lanations fail. 

Helmholtz has given a theory which certainly accounts 
for the production of a tone of the frequiincy of the beats, 
and for other tones all grouped under the name 
combination tones. The only question is 
whether the intensity of the tones hefird is 
accounted for by the theory. Combination tones may lie 
produced in three ways: — (1) In the neighbourhood of 
the source ; (2) in the receiving mechanism of the ear ; 
(3) in the medium convoying the waves. 

(1) Wo inay illustrato the lirst method by taking a case dis- 
cussed ]»y llelmlioltz o/ Tone^ A])]> xvi.) where the 

two sources aro leeds or pipes hlowii from the same \Mnd -chest. 
J jet US supjiusn tliat witli coiisiaiit excess ol pressure, ji), in the 
wnml-eliesl, the iiiiiplitiide jnoduced is proportional to the pressure, 
so lliat the l>\o tones issuing may he ropieseiiled by pasiu2irai^ 
iiml siii27r«.j/. Now as each source lets out the W'iiid periodi- 
cally it allects the pressure in the chest so that W'c cannot re- 
gard this as constant, but may take it as better re])resented by 
p sill (‘JTT/q^ f r) 1"/*^ sin (‘.iir/iyi -h/). Thou the issuing dis- 
turbance will he 

i?’ + {'lirn ,/ -f c) f sin (2ir7t.j< /)} {« sin 27r?q^ •+■ b siu 2ir/t.j/} 

pft sill 27r/q^ I pfc sill 2iriio< 

cos * - cos {\7ruif + e) 

I (!os/ cos {‘imi./ +/) 

+ -,^-cos |27r(^/q - \ r] - cos { 2 ir(» 2 -f- njj)^ + f } 

•+ “ cos [27r(n2 - n.j,)f ~i } - ~ coy {27r(7q -t- w„V -f / } (1 ) 

Thus, accompanying tlie two original i»iirc tones there are (1) tlio 
octave of each ; (2) a tone ot* ticipieiicy (»i ; (Jl) a tone of 

frequency (/ij + j). The seeoii<t is ti'riiied by Helmholtz the ihffvr- 
encf Umt^ and the third the xummnHtm tone. The amplitudes of 
these tones are proportional to the products of a and b multiplied 
by X or p. These combiuatiou tones will in turn react on the 
jiressuro and })roduco new combination tones witli the original 
tones, or w'lth each other, and such tones may ho termed of the 
second, third, etc. order. It is evident that wo may liavc tones 
of frequency 

hill Irn^ /i?q -/*/?» /i/q + 

W'hcre h and k arc any integers But inasTnucli as the sucoossivo 
orders aro jiroportioiial to X X® X®, or p p® P®, and X and fi are 
small, they are of rapidly decreasing importance, and it is 
not certain that any beyond those in equation (1) correspond 


to our actual sensations. The oomhination tones thus pro- 
duced in the source should have a physical existence in the 
air, and the amplitudes of those represented in (1) should 
be of the same order. The conditions assumed in this inves- 
tigation are probably nearly realized in a harmonium and in a 
double siren of the form used by Helmholtz (O. A. § 51), and 
in these cases there can be no doubt that actual objective tones are 
produced, for they may be detected by the aid of resonators of the 
frequency of the tone sought for. If the tones had no existence 
outside the ear then resonators would not increase their loudness. 
There is not much dilticulty in detecting the difference tone by 
a resonator if it is held, say, close to the reeds of a harmonium, 
and Helmholtz succeeded in detecting the summation tone by the 
aid of a resonator. Further, Rucker and Kdser, using a siren as 
source, have succeed od in making a fork ot the appropriate pitch 
res{)ond to both difference aua summation tones {FMl. Mag. 
xxxix. 1895, p. 341). But tliere is no doubt that it is very 
ditiicult to detect the summation tone by the ear, and many 
workers have doubted the jiossibility, notwithstanding the evidence 
of such an observer as lielmholtz. Probably the lact noted by 
Mayer {Phil. Mag. ii. 1878, p. 500, or Rayleigh, Sounds §386) that 
sounds of considerable intensity when hoard by tlicmselves are 
liable to be completely obliterated by graver sounds of sufficient 
force goes far to explain tins, for the summation tones aro of 
course always accompanied by such graver sounds. 

(2) The second mode of production of combination tones by 
the mechanism of the receiver is discussed by Helmholtz (S&naa- 
tions of Tonc^ App. XII.) and Rayleigh (jS'onnd, § 68). It 
depends ou the restoring force due to the displacement ot the 
receiver not being accurately pronortional to tiie displacement. 
This w'ant of proportionality will nave a periodicity, that of the 
impinging waves, and so wnll produce vibrations just as does the 
variation of pressure in the case last investigated. Wo may see 
how this occurs by supposing that the restoring force of the 
receiving muclianism is represented by 
Xr + /la;®, 

wliere x is the displacement and is very small. Let an 
external force F act on the system, and for simplicity suppose its 
jieriod is so great compared with that of the mechanism that we 
limy take it as practically in equilibrium with the restoring force. 
Then 

F=Xaj + /M*®. 


Now iua^ is very small comjiarod with Xaj, so that x is nearly equal 
to F/X, and as an ap])roximation, 


F=Xj; + 


X^’ 


F F® 

or 

Suppose now that F=rt sin 27r7i2/ -h h sin the second term will 
evidently produce a series of coiiibiiiatioii lories of periodicities 
2 a„ 202 , - /tg, and as in the fust method. There can bo 

no doubt that the ear is an iiiisymmetrical vibrator, and that it 
makes combination tones, m sonie such way as is here indicated, 
out of two pure tones. Fiobably in most cases the combination 
tones wlueh wo hear are thus made, and possibly, too, the tones 
detected by Koenig, and by him named “ beat- tones. ” He found 
that if two tones of fre([uencie 8 p and q are sounded, and if q 
lies between Nyi and (N + l);!, then a tone of frequency either 
(N + 1 )j» - < 7 , or of frequency 7 - N 77 , is hoard. The difKciilty in 
Helmholtz's tlicory is to aeeoiiiit for the audibility of such boat 
tones when they aro ot a higher order than the tirst. Riickor 
and Kdser quite failed to detect their external existence, so that 
apparently they are not produced in the source. If wo are to 
assume that the tones received by tin*, ear are piiro and free 
from partmls, the loudness of the beat-tones would appear to 
show that Helmholtz’s tlieory is nut u complete account. 

(. 3 ) The third mode of produetiori of combination tones, the 
jiroduction in the medium itself, follows from the varying velocity 
of different parts of tho wave, as investigated at tlie beginning of 
this article. It is easily shown that after a time wo shall have 
to superpose ou the original disjilacement n displacement nropor- 
tioual to tho square of th(‘ particle velocity, and this will intro- 
duce just tho same sot of combination tones. But probably in 
practice there is not a sufficient interval between source and 
hearer for these tones to grow into any importance, aiul they 
can at most bo only a small addition to those formed in the 
source or the ear. 


AiTTfioiiTTiKs. — TjOrd Rayleigh, Souud, 2nd ed. London, 1894, 
is tho standard treatise on the phenomena of Acoustics ; the last 
chapter, on ** Facts and Theones of Audition,” is a most valu- 
able summary of the present state of knowledge of audition and 
the different theories held. — Helmiioutz, SfiTisations of Tonc^ 2nd 
Eng. ed. London, 1885, deals more with tho physiological aspect. 
*-Sbdley Taylor, Hound and Music, London, 1873, is a general 
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account of Helmholtz's Theory of Consonance and Dissonance 
(briefly stated in 0. A. § 106, but not discussed in this supple- 
ment). — POTNTINO and Tuombon, Sounds London, 1899, is an 
elementary mathematical account of the phenomena of Acoustics. 

(j. H. P.*) 

Aequi, a town and episcopal see of the province of 
Alessandria, Piedmont, Italy, 21 miles S.8.W. from Ales- 
sandria by rail. Tlio castle of the Paleeologi is now con- 
verted into a prison. Here is a technical school. Its 
sulphur baths attract annually about 4000 visitors. Popu- 
lation (1901), 13,786. 

Aero (Arab. A1cka\ a survival of the Biblical Acco^ and 
ancient Ake^ the chief town of a Palestine saujak which 
includes Haifa, Naasarcth, and Tiberias. From its com- 
manding position on the sea-shore of a broad fertile plain 
over which the coast road from Syria to Egypt has always 
passed, and whence there is easy access to the rich lands of 
Galilee and the Trans-Jordanic countries, it has been called 
** the Key of Palestine,” and its history is i)rincipally that 
of its many sieges. It was occupied in turn by Assyrians, 
Babylonians, Persians, and Greeks, but never by the 
Hebrews, and was assigned on the division of Alexander’s 
kingdom to Ptolemy Soter, after whom it was called 
Ptolemms. One of its mediaBval names, Acon^^ has been 
preserved in that of the church of St Nicholas Aeons, in 
Lombard Street, London. It exports wheat, maize, olive 
oil, cotton, Ac., but the trade is gradually ])assing to Haifa, 
where theni is a safer roadstead. The town will be con- 
nected by a branch lino with the Haifa-Damascus railway 
now Ixjing constructed. Population, 11,000 (Moslems, 
8000 ; Christians, Jews, and others, 3000). 

ActinOJBOfta See Anthozoa. 

ActOVIy a parish and urban district (coextensive) in 
the suburbs of London, in the Ealing parliamentary division 
of Middlesex, about 7 miles W. of St Paurs, with three 
railway stations. Many distinguislied persons have lived 
there, among them Kichard Baxter, Sir Matthew Hale, 
Henry Fielding, and Lindley the botanist. A n»creation 
ground of 21 acres was opened in 1887, and there are a 
cottage hospital, a free library ( 1 900), and a Thomas Aske 
girls^ school (1901). Are<i, 2305 acres. Population (1881), 
17,110; (1891), 24,206; (1901), 37,744. 

Acton, John Emerioh Edward Dal- 
borgf Aoton, 1st Barox (1831-1902), son of Sir 
Ferdinand Acton, Bart., was born at Naples, 10th January 
18.34. His mother, who after her husband’s death in 18.37 
niarned Earl Granville, was the daughter of the duke of 
Dal berg, which caused Lord Acton, after studying under 
(-ardinal Wiseman at the Homan Catholic college at Oscott, 
to receive the most valuable j.>art of his education in 
Bavaria. Under the inspiration of Dellinger, in whose 
house he lived for a considerable time, ho imbibed not 
only that love of history, but that disiiosition to treat his- 
tory as a science in a thoroughly impartial spirit, and to 
render a profound investigation of c^nou and of inter- 
national law auxiliary to historical research, which after- 
wards distinguished him. Such a spirit must be one of 
esjiecial hostility to ultramontane pretensions ; and Lord 
Acton, although a sincere Catholic, made it for a time hus 
especial mission to combat these in the JJome and Foreiffn 
lieviewy which he conducted from 1862 to 1864 with a 
vigour insuring its condemnation and virtual suppression 
by the Homan Catholic hierarchy. Nothing daunted, 
Lord Acton and his friends acquired the North Jirifuh 
RevieWy hitherto an organ of the Free Church of Scotland, 
and c^ried it on actively for several years in the interest 
of a high-class Liberalism both in temporal and in ecclesi- 
astical matters. Lord Acton contributed several valuable 
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articles, and in 1870 proceeded to Rome to take such 
part as was possible to a layman in opiKising the promul- 
gation of the dogma of pai>al infallibility. He was active 
as a writer under his own name and as an iuspircr of the 
writings of others, but the calamity so much dreaded by 
Liberal Catholics was not to be averted. The Old Catholic 
separation followed, but Lord Acton held aloof. He had 
been raised to the iieerage in 1 869, but his great knoA\ 
ledge and breadth of view were too little enhstctl in 
the service of the House of Lords In 1871, however, ho 
came forward conspicuously as a supporter <il Mr (j! lad- 
stone in the controversy on “ Vaticanism,’’ pointing out in 
a series of letters to the Tintea various actions and char- 
actt^nstics of individual j>oi>e8 by no means easy to recon- 
cile with the doctrine of jiapal infallibility. For many 
years little came from his js.*n except an article on the 
divorce of Henry VIII. in the Qtia7*tcrly Hcvieiv for 1877, 
and an essay on modern German historians, <*ontributed to 
the first number of the English IJistorical Revmr in 1880. 
In 1895, however, his acceptance of the Hegius Frofessor- 
ship of Modern History at Cambridge, vacant by the death 
of 8ir John Seeley, drew from him an inaugural lecture 
on “ The Study of History,” wdth notes disjilaying a vast 
erudition, by no means merely historical. Lord Acton 
continued to lecture at Cambridge^ and, at the instance of 
the university, undert(K>k the editorshif) of a great modern 
history by various writers from the middle of the ITith 
century to the present day. Lord Acton was an Honorary 
Fellow of All Souls’ college, Oxford, and was a lord -in- 
waiting from 1892 to 1895. He died on 19th June 1902. 

Acts of the Apostles. — in this article wo 
shall deal with such additions to our knowledge as have 
lieenmade since 1875, when the article in the ninth edition 
of this work was published. 

I'erU — The apiiaratus criticus of Acts has grown con- 
siderably of recent years ; yet mainly in one direction, 
that of the so-called “ Western ” text. This term, which 
our growing knowliidge, especially of the Syriac and other 
Eastern versions, is rendering more and more unsatis- 
factory, stands for a text wdiich used to Iw* connected 
almost exclusivfdy witJi the “ c(‘centric ” Vodtx Bezrr, But 
it is now recognized to have been very widespread, both 
in east and west, for some 2b0 years or more from about 
the middle of the 2nd century. The process, however, of 
sifting out the readings of all our present witnesses — 
MSS., versions, fathers — has not yet gone far enough to 
yield any sure or final result as to the history of this text, 
so as to show what in its extant foinis is primary, 
secondary, and so on. Bt'ginnings have been made 
towards gi’ouping our authorities ; but the w^ork must go 
on much further Ixjfore a solid basis for the reconstruction 
of its primitive form can be said to exist. The atteiiijits 
so far made at sucdi a reconstruction, as by Blass (1895, 
1897) and Hilgeufeid (1899), are quiti' arbitiary. And 
the like must be said of the most recent contribution to 
the problem, that of August Pott,’ thoiigli he has ht*lped 
to define one condition of success — the classifi(‘ation ul the 
.strata in “ Western ” texts — and has taken some steps in 
the right direction, in connexion with the complex pheno- 
mena of one witness, the Harklean Syriac. 

Assuming, however, that the oiiginal form of the 
“ Western ” text had been reached, tJi(» (|U(»stion of its his- 
torical value, I.C., its relation to the original text of Acts, 
yet remains. On this |K)int the high(\st claims have 
recently been made by Blass. Ever since 1894 he has 
held that both the W^estern ” text of Acts (wdiicli he styles 
the text) and its rival, the text of the great uncials 

^ Ikr €thendldndiaclte Text der A posteJgeschidUe u. dU Wtr-qudl^, 
T^ipzig, 1900. 


S. I. — 8 
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(which he styles the a text), are due to the author’s own 
hand. Further, that the foniicr is the more original of 
the two, being related to the latter as fuller first draft to 
severely pruned copy. But even in its latest form, that 
“ (i stands nearer the drumlschrift than a, but yet is, like 
a, a copy from it,^’ tlie theory is really untenable. In 
sober eoiitiust to Blass’ sweejung theory stand the views 
of Prof. W. M. Bamsay. Already in Tke Church in the 
limrvan Empire h(f lield that the CtnUr Jiezoi rested 

on a recension made jn Asia Minor (somewhere Ixstween 
Ephesus and S. (lalatia), not lat(»r than alM)ui the middle 
of the 2nd century. Though some at least of the altera- 
tions in (Juiivx Jh'Zff arose through a gradual process, and 
not through the action of an individual reviser,” the 
revision in (|Ucsstion was the work of a single reviser, who 
in his changes and additions expressed the local interpre- 
tition ]>ut upon Acts in his own time. His aim, in suiting 
the text to the views of his day, was partly to make it 
more intelligible to the public, and ]jartly to make it more 
complete. To this end h(*. “ added some touches where 
surviving tradition seemed to contaiin trustworthy addi- 
tional particulars,” such as the statement that l^aul taught 
in the lecture-room of ’Pyrannus “ from the fifth to the 
tenth hour.” In his later work, on St Paul the Travell&i' 
and five EontJdn Citizen (1895), llamsay’s views gain both 
in precision and in breadth. The gain lies chiefly in 
seeing beyond the Bezan text to the “ Western ” text as a 
whole. But when he w'rih's that, “wherever the Bezan 
text is confirrnod by old versions and by certain (Ireek 
MSS., it seems to mo to deserve very earnest considera- 
tion, as at least pointing in the direction of an original 
reading subji'cted to wide.spread corruption,” he goes 
beyond the mark. Such agreement need not mean more 
than that th(» reading is aglo.s.s belonging to the “ Western ” 
text, as it arose under conditions which Eamsay himself 
excellently describes 

On the whole, then, the text of Acts as printed by 
Westcott and Hort, on the basis of the earliest MH8. (nH), 
Booras as near the autograjih as that in any other part of 
the New Testament ; whereas the “ Western ” text, even 
in its carlio.st traceabh* forms, is secondary. This does 
not mean that it has no historical value of its owm. It 
may well contain some true supplements to the original 
text, derived^ from local tradition or happy inference ; 
certain of these may even date from the cud of tlie ist 
century, and the larger part of them are jirobably not 
later than the middle of the 2nd. But its value lies 
mainly in the light cast on the ecclesiastical tradition in 
certain (quarters during the epoch in (piestion. Tlie nature 
of the readings themselves, and the distribution of the 
witness for them, alike point to a process involving several 
stages and several originating centres of diffusion. The 
classification of groups of “ Western ” witnesses has already 
begun. Wien co!nph‘.ted, it will cast light, not only on the 
origin and growth of tliis typo of text, but also on the exact 
value of the remaining witnesses to the original text of Acts. 

Plan and Ohject €)f Arts. — Here the Tubingen school 
did its chief work in putting the. nee<lful question, not in 
returning the correct answer. Their answer could not be 
correct, because, as Kitsch 1 shows, their iiremises wore j 
wrong. Still the attitude created by the Tubingen theory 
largely per8i.sta as a biassing element in mucli that is 
written about Acts. On the whole, however, tliere is a 
disposition to look at the book more objectively, and to 
follow up the hints as to its aim given by the author in 
his opening verses. Thus (1) his second narrative is the 
natural soiiuel to his first. As the earlier one set forth in 
orderly sequence the providential stages by 

which Jesus was led, “ in the power of the Spirit,” to 
begin the establishment of the consummated Kingdom of 
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God ; BO the later work aims at setting forth on similar 
principles its extension by means of His chosen repre* 
sentatives or apostles. This involves emphasis on the 
identity of the power, i.c., divine and not ^merely human 
power, expressed in the great series of facts from first to 
last, and so upon (2) the Holy Spirit, as directing and 
energizing throughout the whole struggle with the powers 
of evil to be overcome in cither ministry, of Master or 
disciples. But {^) the continuity is more than similarity 
of activity, resting on the same divine energy. The work- 
ing of the energy in the disciples is conditioned by the 
continued life and volition of their Master at His Father’s 
right hand in heaven. Tlie living link between Master 
and disciples is the Holy Spirit, “ the Spirit of Jesus.” 
Hence the jw-ins taken to exhibit afresh (i. 2, 4 f. 8, ii. 
1 ff., cf, Luke xxiv. 49) the fact of such spiritual solidarity, 
whereby their activity means Ilis continued action in the 
world. And (4) the scope of this action is ‘Nothing less 
than humanity as gathered within the Eoman empire. It 
was foreordained that Messiah’s witnesses should be borne 
by divine power through all obstacles and to ever-widening 
circles, until they reached and occupied Kome itself for 
the God of Israel- now manifest (as foretold by Israel’s 
own prophets) as the one God of the one race of mankind. 
(5) P^urther, as we gather from the ]»aral1el account in 
Luke xxiv. 46-48, the divinely appointed method of 
victory is through suffering (Acts xiv. 22). This thought 
explains the large space devoted to the tribulations of the 
witnes.ses, and their constancy amid them, after the tyjie 
and sample of their vtctorious Lord. Jt forms one side 
of the virtual apolofpa f(^r the absence of that outward 
prosjierity in which the i>agan mind was apt to see the 
token of divine ai>proval. Another side is the recurring 
exhibition of the fact that these witnesses were persecuted 
only by those whose action should create no bias against 
the ]wrsecutod. ’Flieir foes were chiefly Jews, whcotj 
op|)osition was due ]>artly to a stiff-necked disindination 
to bow to the wider reading of their own religion - to 
which the Holy Spirit had from of old been pointing — 
and partly to jealousy of those who, by preaching the widtT 
Messianic hlvaiigel, were winning over the Gentiles, and 
particularly jiroselyti's, in such great num]»ers. 

Such, then, seem to be our author’s main niotifi. 
They make up an account fairly aderpiate to the mani- 
foldness of the book ; and yet they all nin up into one 
central idea, viz., the divine character of the Christian 
religion, as evinced by the manner of its extension in the 
empire. This view has the merit of giving the book a 
practical religious aim —a sine qud imi to any theory of 
an early CiJhristian writing. Though addressed to men of 
pagan birth in the first instance, it is to them as inquirers 
or even recent converts, such as “ Theophilus,” that the 
appeal is made. In spite of all difficulties, this religion 
is worthy of ])ersonal belief and acceptance. Such is the 
moral of our author’s work. Yet among the conditioning 
features of the occasion, which impressed him with the 
need of such an ajipeal, was doubtless the existence of 
persecution now actually carried out by the Koman 
authorities, sometimes perhaps of their own motion. To 
meet this special i)er])lexity our author holds up the 
picture of early days, when the great protagonists of the 
Gospel constantly enjoyed protection at the hands of 
lloman justice, it is implied tliat the present distress 
was but a passing phase, resting on some misunderstand- 
ing ; meantime, the sj)ectacle of apostolic constancy 
should yield strong consolation to the tried. 

From this standpoint Acts no longer seems to end 
abruptly. Whether as exhibiting marvellous divine lead- 
ing and aid, or as recording the impartial and even kindly 
attitude of the Koman state towards the Christians, the 
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writer has reached a climax. He winhed,” as Harnack 
w^ remarks, to point out the might of the Holy Spirit 
in the apostles, Christ’s witnesses ; and to show how this 
might carried Ihe Gospel from Jerusalem to Home and 
gained for it entrance into the pagan world, whilst the 
Jews in growing degree incurred rejection. In keeping 
with this, verses 26-28 of chapter xxviii. are the solemn 
closing verses of the work. But verses 80, 81 are an 
appended observation.” So far, so good ; but objection 
may be taken when Harnack goes on to say that this 
observation does not admit of explanation from the plan 
of the work, “ but rather from the almost independent 
interest which, not so much the life of Paul, as the mar- 
vellous manner of the realization of Paul’s journey to 
Home had incidentally acquired for the author.” To 
many it will seem that the writer is ending ui) most fitly 
on one of his keynotes, in that he leaves Paul preaching 
in Home itself, “ unmolested.” The full force of this is 
missed by those who, while rejecting the idea that the 
author had in reserve enough Pauline history to furnish 
another work, yet hold that Paul was freed from the 
imprisonment amid which Acts leaves him.^ But for those, 
on the other hand, who sec in the writer’s own words in 
XX. 38, uncontradicted by anything in the sequel, a broad 
hint that Paul never saw his Ephesian friends again, the 
natural view is open that the sequel to the two years’ 
preaching was too notorious to call for ox[)lic*it record. 
Nor would such silence touching Paul’s sjieedy martyrdom 
be disingenuous, any more than on the theory that martyr- 
dom overtook him several years latgr. Our author would 
view Paul’s death as a mere exception to the rule of 
Roman policy heretofore illustrated, due to the influence 
of a sort of madman, such as Nero was naturally bold 
to be in the latter ]mrt of his reign. Not oven by ilio 
] loman authorities were some of his acts regarded as pre- 
cedents ; and so our author could honestly refrain from 
recording what he viewed as a mere freak of Neronian 
caprice, especially as it would be already known to his 
contemporaries. 8ucli silence would be the more natural 
if ho were writing in Rome, a con(?lusion to which certain 
things are often thouglit to point. 

Date, — External evidence now points to the existence 
of Acts at least as early as the opening years of the 2nd 
century. As evidence for the Third Gospel holds almost 
equally for Acts, its existence in Marciou’s day (120-140) 
is now assured. Further, the traces of it in Polycarp and 
Ignatius,’^ when taken together, are highly probable. And 
what is still more important, it is prol)able that Acts was 
already known in Home by c. a.p. 96. For it is widely 
admitted tliat the resemblance of Acts xiii. 22, and 1 
Clem, xviii. J , in features not found in the Psalm (Ixxxix. 
20) quoted by each, cannot bo accidental. 

Acts xili. 22. ^ 1 Clem. win. 1. ^ 

i^€ip€P t6v AavelS ip Kal Ti Bi ivl r<p ftefiap- 

€iirfP fiapTvp'tftrait KOpoP Aavdd rvprj/jL^Ptp AaivlB ; irpbt 6 p etirfu 
rbp TOM 'JefffftUt &pBpa Kurd rijp 6 K&poe ApSpa xarA rifp 

KdpSiap /40M [Apdpa from 1 xapdlop fiov^ AavrlB top tov 

Sam. xiii, 14, ApAptairop x.r.X.]. Tecro-a/, ip iXiei aitapiip ixpitra 

atrrBp. 

Here the Greek Bible has simply ll^pov AavdS rov 
^oPAoi/ fiov. Nor should the reference in either case to 
*])avid as a man witnessed to by God, be overlooked, 
tending as it docs to exclude the idea that the likeness 

^ UnleSB we arbitrarily separate (in the face of the aucieiit Lalm 
veraiou ) hrl rb rip/jM TTjt Bbireufs i\0ufp, from Kal luipTvprfyrat iirl tup 
iiyefibptap ofhtitt dvriWdyri roD Kbc'fioitt 1 Clement v. 7 gives no support 
to this idea ; while the next chapter seems clearly to put Panrs death 
not later than the Neronian persecution of a.d. 64. 

* Polyc. ad Phi/ipp, i. 2, Acts ii. 24 ; ii. 1, Acts x. 42 ; ii. 3. 
Acts XX. 35 ; vi. 8, Acts vii. 52. 

’ Ign. ad Magn, v. 1, Acts i, 2B ; ad Smyrn, iii. 8, Acts x. 4 1 


between the passages is due to some third source. The 
dependence seems clearly to Ik> on the side of 1 (Jlcmcnt, 
especially in view of possible echoes of Acts \x. 35, whi< h 
it contains in three distinct places (ii. 1, xiii. ], xlvi. 7, cj, 
Polyc. ii. 3). There is, then, high proliability tliat Acts 
was current in Antioch and Smyrn.i not Jalei than c 
A.D. 115, and in Home as early c. a.d. 96. 

With this view internal evidence agrees. In s])ite <,t 
Blass’ advocacy of a date prior to a d. 70, the bulk of 
critical opinion puts this theory firmly iiRid<' ’J’lms tbe 
prologue to the Gofeiiel of which Acts is the sequel, alrcrul} 
implies the dying out of the generation of eye-wilnesM‘s 
as a Inidy. Of recent years, too, the relations of GhunJi 
and Empire have been brouglit to liear, esjiecially by 
Hamsay. And his dating, a.d. 81 or soon after, fits in with 
a strong consensus of critical opinion lioth in England and 
abroad — Harnack, for instance, placing A( ts hetwx'cn 80 
and 93, while Zalin prefers 75 to 80. So that a.d. 80 
may be taken as a fair average date, wliile any yeai- 
between it and 71 is ojien. Of tlic^ n‘asons for a 
date in one of the earlier decades of the second century, as 
argued by the Tubingen school and its heirs, .several arv 
now really untenable. Among these are tJie sup})osed 
traces of 2nd-century gnosticism and “ hierarchical ” ideas 
of organization ; but especially the argument fr(»ni the 
relation of the Homan state to tbe Christians, wliich 
Hamsay has completely reversed and turned intij proof 
of an origin prior to Pliny’s correspondence with Trajan 
on the subject. Another fact, now' generally admitted, 
renders a 2nd -century date yet more incredible* . and 
that is, the failure of a WTiter devoted to l^aul’s nieiiKiry 
to make palpable use of his Epistles. Instead of this he 
WTites in a fashion that seems to traverse certain facts 
recorded in them. If, indeed, it were proved that Acts 
uses the later works of Josc'phus, we should have t() jilaee 
the hook aliout a.d, 100. But this is far from lx.*ing the 
case, a critic like Harnack decisively rejecting tli(‘ alleged 
dejiendence. 

tSources, — So far from the recognition of a ]>lan in A< t.s 
being in itself inimical to a serious quest after the materials 
used in its comixisition, one may say that it ]>oints the 
way thereto, while it keeps the literary analysis within 
scientific limits. Thus the more one realizes the theologieal 
standpoint of the mind pervading the book as a wliole, the 
more one feels that the speeches in the first part of Acts — 
and indeed elsew'here, too— aie not “free eoin positions *' 
of our author, the outcome of dramatic idealization sucli 
as ancient historians like Thucydides or Polybius allowed 
themselves. The Christology, for instanci*, of the early 
Petrine speeches is such as a Gentile Christian writing 
c. 80 a.d. simply could not have imagined, even had the 
idea of adopting J udteo-Cliristian categories been present 
to his mind. Thus w'e are forced to assume the use of 
a certain amount of early Judn^o - Christian material, 
analogous to that imjdied also in the s|H'cial paits of the 
Third Gosiiel. One critic, at h'ast, Paul Feme {Dine vm- 
kanonUche IJeherlkferumi deK Lnka.^^ 1891), suggests that 
a single document explains this material in both works, as 
far as Acts xii. ; while others maintain that more than 
one such source underlies Acts i.-xii., or evem i.-xv. (c.//., 
a source embodying the traditions of the largely Gentile 
Church of Antioch). Yet if our author w'as an Antiochene 
and a careful inquirer (Luke i. 3), this may exjJam all. 
It cannot, indeed, be said that definite results have here 
been attained as yet. But the study is a new one, and 
the resources of analysis, the linguistic in jmrticular, are 
by no means exhausted. One important analogy for the 
W'ay in whicli one author may be supposed to have handled 
his sources exists ; and that is tlie manner in which he 
uses Mark’s narrative in conquling his own Gospel. 
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Guided by such an objective criterion, and safeguarded 
by growing insight into the author’s pl^tic aim, we need 
not despair of reaching large agreement as to the main 
scope of the sources lying behind the first half of Acts. 

In the second or strictly Pauline half we are confronted 
by the so-called “we” passages. Of these two main 
theories are possible ; that which sees in them traces of an 
e/arlier document -whether entries in a travel -diary, or 
a more or less consecutive narrative written later; and 
that which would regard tin? “ we ” us due to the author’s 
breaking instinctively into the first pcirson plural at those 
points in the history at which he himself had been present. 
On the former }iy|)o thesis, it is still in debate whether the 
“ we ” document does or d(W8 not lie behind more of the 
narrative than is delinitely indicated by the formula in 
question (c.// , cc xiii -w., xxi. 19-xxvi.) 

Authorahip. — Was the author of the “we” passages, 
in any form, also the author of Acts as it now stands ? 
And if so, was that author’s name Luke, as ecclesiastical 
tradition lias stwulily affirmed from the time when its 
voice first reaches us? Few deny that Luke, t.c., Paul’s 
companion of that name, was tln^ author of the “we” 
jiassiiges. Tlie tradition connectiiig him with Acts is too 
early and unaiiinious tt) lie mistaken, especially s(*eing that 
his name was not promiiu^nt enough to ac(‘ouiit for such 
an ascription by “ spontein‘oiis generation.” Hence those 
who would see m the “we” passiiges traces of an earlier 
travel-document written by Timothy or Silas, seem bound 
in a special degree to make Luke the author of Acts as a 
whole, in this case, however, they liave yet to explain 
how so 8kill(‘d a A^rittT, one elsewhere master of his sources 
as to literary loim, <'oul<l leave these stsctioiis couched in 
the first pennon oi tlie lye-witness. And it may fairly be 
said tluit, if tlu^ w«'ight of exjH'rt ojiinion is against the 
theory of literary negligence, it inclines also against the 
th(*ory of pious fi.nni the rc'teution of the first |Kwm 
with intent to di'ceivc*. The net result is, that unity of 
authorship betwc'eii tin' “we” jiassages and the rest of 
Acts seems the one tenable view; ami this involves the 
Lucan authorship of both.^ As to such historical dilli- 
oulties in Acts as at pr(\sent i)er]»lpx tin* student of the 
apostolic ag(*, one must leiiiembiT in most <’ascs the 
possibilities of mistake intervening between the facts and 
the accounts reaching its autlior at second or even third 
liand. Yet it must be strongly emphasized that recent 
historical rose.irch at the hands of experts in classical 
antiipiity lias tended steadily to verify such parts of the 
narrative as it can test. That is no new result ; but it 
lias come to light in greater degrcie of recent years, and 
notably during tht; last decade. The proofs of our author’s 
trustworthiness exteml also to the theological sphere. 
What was said abovt* of the" Christology of the Petrine 
speeches, applu'S also to the whole cuncc'ption of Messianic 
salvation, the eschatology, th(* idea of Jesus as equipped 
by the Holy S[)irit for Jlis Messianic work, found in 
these 8]>eethes, as also to titles like “Jesus the Nazarene” 
and “the Jtighteous One ” both in and beyond the Petrine 
speeches. ’Phi'S!' and other cases in which we are led 
to discern JuiLeaii witness bi'hind Acts, do not indeed giv(^ 
to such witness the value of shortliand notes or even of 
abstracts based thonMin. Hut they do supi>ort the theory 
that our author meant to givt' an unvarnished account 
of such words and deeds as had come to his knowledge. 
The f>er8|H'ctivo of the whole is no doubt liis own ; and 
as his witnesses proliably furnished but few hints for a 
continuous historical narrative, this jierspective, especially 

^ Thia accords excellently with the reforenoo in Col. iv. 14 to 
Luke os a physiciau. For a good account of the argument from the 
medical language of Acts, see Kuowlmg, Expositor's (Sreck TestammU 
vol, li. 9-11. 
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in things chronological, may sometimes be faulty. Yet 
when one remembers that by 80 a.d. it must have been 
a matter of small interest hy what tentative stages the 
Messianic salvation first extended to the Gentiles, it is 
surely surprising that Acts enters ii to such detail on the 
subject, and is not content with a summary account of the 
matter such as the mere “logic” of the subject would 
naturally suggest. In any case the very difference of 
the perspective of Acts and of Galatians, in recording the 
same epochs in Paul’s history, argues such an independence 
in the former as is compatible, in the case of an admirer 
of the apostle, only with an early date, when as yet 
Galatians might easily be unknown beyond the district to 
which it was addressed. ^ 

QuellenkHMf then, a distinctive feature of recent re- 
search upon Acts, is a solvent of many diliiculties in the 
way of treating Acts as an honest narrative by a com- 
panion of Paul. It will account, for instance, for such 
discrepancies as lie on the surface of the three accounts of 
Saul’s conversion ; while the fidelity with which our 
author uses his materials is shown by his not assimilating 
the accounts in I’aul’s speeclies to the earlier narrative in 
chapter ix. In addition to Quiellenkritik^ we may also 
count among recent gains a juster methcxl of judging such 
a book. For among the results of the Tubingen criticism 
was what Dr Sanday calls “an unreal and artificial 
standard, the standanl of the 19th century rather than 
the Ist, of Germany rather than Pfilestine [may we not 
add Antioch or Romii ?], of the lamp and the study rather 
than of active life.” • In the recovery of a more real 
standard, we owe much to men like Mommsen, Ramsa}, 
and Blass, trained amid other methods and traditions than 
those which had brought the constructive study of Acts 
almost to a deadlock. 

Litrhatitke.— It would take too imicb space to give an account 
of the extoiiKivo and vaiicd literatuie that gathcrc<l round Acts 
during the last (piaiter of the 19tli century. It may bo found in 
two recent and rcprcBpnttiUvo comiuentaiies, viz., Wendt’s last 
edition of Meyer (1899), and that by R. ,1. Knowhng m The 
Expositor's iirrek Testa me nt^ vol. u. 1900, V. B.) 

AdftbeUB^rf an imiiortant commercial town in Asia 
Minor, situated on the old military road from Constantinojile 
to the east, and 1)^ miles distant from a station of the 
same name on the Anatolian railway. It was founded iii 
1540 and enlarged in 1608 by the settlement in it of an 
Armenian colony. There are silk and linen industries, 
and an export of tobacco, walnut -wood, cocoons, and 
vegetables for the Constantinople market. Imports are 
valued at £80,000, and exports at £480,000. Popula- 
tion, 18,000 (Moslems, 10,000; Christians, 8000). 

Adalla, or Antalia, classical Attahuiy mediuivul 
Satalia, the cliief town and seaport of a sanjak of tlie 
Konia vilayet in Asia Minor. It is situated at a re-entering 
angle, in a flat limestone terrace which terminates seaward 
in a cliff about 120 feet high, and had an inner and outer 
barlx)ur. The town lif»s jiartly within and jiartly without 
the old walls, in which may still be seen the I’erga Gate, 
built by Hadrian, a tower erected by the Empress Julia, 
and many Greek and Ijatin inscrijitions. There are several 
mosques and medresses (or schools) built by the Seljiik 
sultans of Itilm, and a few remains of Roman and Byzan- 
tine buildings. 

Attalcia was fouudod, 159-1. S8 ii.c., to facilitate trade between 
the Pergamene kingdom and Syria and Egypt. Under the Homans 
it was an important town, connected by highways with Laodioea 

^ Nor should one forget the numerous but subtle ogreements between 
Acts and Galatians which Ramsay has shown to he involved in the 
now victorious “South Galatian” theory, that sees in St Paul's 
“ Galatians ” the members of the churches whose foundation is described 
in Acts xiii. xiv. 
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and Pisidian Antioch, and the centre of a large fM»-borne trade. 
It became the metropolie of Painphylia, and in 1148 it gave timelv 
shelter to ^e harassed troops that Louis VIl. of France was lead- 
ing to Palestine. Afterwards it passed to the Seljdk Turks, 1206 ; 
to the Venetians, 1807 ; to the Mongols, the Genoese, and finally to 
the Osmanli Saltan Murad II. (1421-51). Adalia has lost much of 
its trade since the opening of railways from Smvmato the interior, 
but it still exports cereals, timber, valonea, liquorice root, and 
cotton ; the exports in 1899 were valued at £152,156, the imports 
at £120,078. It is the seat of a British vice-consulate. Popula- 
tion, 30,000 (Moslems, 24,000 ; Christians, nuuiy apparently of 
Jewish origin, 6000). 

AcIftlYlftWay a country of West Africa, now divided 
between the British colony of Nigeria (which includes 
the chief town, Yola) and the German colony of Cameroon. 
Recent estimates place the height of the granite range of 
Alantika, the loftiest point in the country, at only 6000 
feet. The i)agan n^o tribes have been dominated by the 
Mahommedan Fullas, so widely spread over West and 
Central Africa, for about four centuries. There are also 
in the country to-day large numbers of Haussas, who con- 
tinue to push southwards as traders, as well as Arabs and 
Kanuri. The Emir of the state of Yola formerly claimed 
rights of suzerainty over the whole of Adamawa, but the 
country now consists of a number of separate sultanates 
which are gradually l>cing brought under the inilueuce of 
the British and Germans. The town of Garua on the 
Upi^er Benue is one of the i)rincipal trade centres in the 
north, and tliat of Yoke one of the priiiciiml in the south. 
After Barth, the first traveller to penetrate Adamawa was 
the German, E. 11. Flegel (1882), bufthe country has since 
been traversed by many oxjieditions, especially that of 
Ik'chtritz and Passarge (1893-9i). (See especially Pas- 
SAKGE. Admuma. Berlin, 1895.) 

AdaimSi u town in Berkshire county, in the north- 
western part of Massachusetts, U.S.A., having an area of 
23 square miles. It includes a portion of the valley of 
Hoosac river, extendi ug to the Iloosac range on the east, 
and on the west to Greylock mountain, the highest point 
in th(* state, having an altitude of 3505 feet. The valley 
portion is level and contains several villages, the largest 
of wbicli bears the same name as the town. Adams 
\illage is on a branch of the Boston and Albany railroad, 
is irregularly laid out, and has an altitude above sea of 
798 feet. The town was incorporated in 1778, The 
]>oi)ulaiion in 1880 was 5591 ; in 1890 it was 9213, and 
in 1900 it was 11,134. 

Adam^ Charles Francis (i 807-1886), 

American diplomatist, son of John Quincy Adams, and 
grandson of .1 ohii Adams, was born in Boston on the 1 8th of 
August 1807. His father, having been appointed minister 
Uy Russia, took him to St Petersburg, where he acquired 
a perfect familiarity with French, learning it as his native 
tongue. After eight years spent iii Russia an«l England, 
ho attended Harvard College, and graduated there at 
eighteen. Then he lived two years in the White House, 
Washington, during the presidency of his father, studying 
law and moving iu society, where he met Webster, Clay, 
Jackson, and Randolph. Returning to Boston ho devotecl 
ten years to business and study, and wrote for the 
Americfin Jieview, Ho also undertook the management of 
his fathers pecuniary aftairs, and actively supported him in 
lus contest in the House of Representatives for tho right 
‘»f jictition and the anti-slavery cause. Tn 1848 he was 
prominent in politics as a “ Conscience Whig,” ]>residing 
over the Buifalo (!3onvention which formed the Fi*ee Soil 
party and nominated Van Buren for president and himself 
for vice-president. As a member of tho House of Repre- 
sentatives in that Congress which sat from 3rd Deceinlier 
1860 to 4th March 1861, he represented Massachusetts in 
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the committee of thirty-three at tho time of the secession 
of seven of the Southern States. His selection by tho 
chairman of this committee to present to the full committee 
certain propositions agreed upon by twothirds of thti re- 
publican members, and his calm and able speech of .3 1 si 
January 1861 in the House, served to make him consi»icu- 
ous before Congress and the country, 'I’ogether with 
Seward, he stood for the rcjiiiblican policy of coiicossiou , 
and, while he was criticized severely, and charged with in 
consistency in view of his record as a (Jonscieiicie Whig, he 
was of the same mind as Lincoln, willing to (‘oncede non- 
essentials, but holding rigidl} to tho principle, pro]>erly 
understood, that there must be no extension of slavery. 
He believed that as the republicans were the victors they 
ought to show a spirit of conciliation, and that the policy 
of righteousness was likewise one of expediency, since it 
would have for its result the holding of the border slave 
States with the North until 4th March, when the re- 
publicans could take possession of the Govermiif'iit at 
Washington. With the incoming of tJie new adininistia- 
tion Secretary Seward secured for Adams the a]q»oint- 
ment of minister to Great Britain. So inucli sympathy 
was shown in England for the southern cause tliat 
his path was beset w^ith difficulties; but liis mission 
was to prevent the interference of Great Britain in the 
struggle; and while the work of Lincoln, Sew^ard, and 
Sumner, and the cause of emancijuition, tended to this 
end, the American minister was insistent and unyield- 
ing, and knew how to present his case forcibly and 
with dignity. He laboured with energy and discretion 
to prevent the escajHi of the Alabama , and, when iiii 
successful in this, he persistently urged u})on the British 
Government its responsibility for the destruction of 
American mercliant vessels by that cruiser. His reserve 
and frigidity, enforced by lus diplomatic ability and high 
cliaracter, procured him the resiiect of the English, and 
were of marked assistance to him in Lis ministerial and 
social duties. In many emergemdes he displayed c<»olness 
and courage of a high order. In his own diary lie show.s 
that underneath the calm exterior were serious trouble* 
and keen anxiety ; and, in fact, the strain which lie uiidei 
went during the Civil w’ar made itself felt in later years. 
Adams was instrumental in getting Earl Russell to stop 
the Alexandra^ and it W'as liis industry and pertinacity in 
argument and remonstrance that induced Russell to ordei 
the detention in Scptemlx»r 1 863 of the two ironclatl rams 
intended for the Southern Confederacy. Adams remained 
in England until May 1868. His last im])Ortant work 
was as a member of the Tribunal of Arbitration at Geneva, 
which disposed of tho Ala fttima claims.” His knowledge 
of the sulyeet, and his fairness of mind, enabled him to 
render his country and the cause, of in tei national arbitra- 
rion valuable serviei.*. He died at Boston on the 21st of 
Noveuilxir 1886. 

All excrlleiit hiogrupliy of him Jiai> been wiitten liv bis boii, 
Charles F. Adams, m tho Amcric^tn SUiteKinen seius 1^'**^ 

Ills labours in editing works and meinoiis, bis ]niv.ite sjumm bos and 
boiiorarv degrees, seo Mrmoir m Masmekusetts Jlistoncaf l<unLty 
October 1899. (j, K K.) 

Adams, John Couch (is 19- 1892 ), Biitish 

astronomer, w^as born at Lid cot fannliouse, Eineasi, 
Cornwall, on 5th June 1819. His hither, Tiiomas Adams, 
was a tenant farmer ; his mother, Tabitha Knill Grylls, 
inherited a small estate at Badharlick. From the village 
school at Laneast he went, at the age of twelve, to Devon- 
port, where his mother^s cousin, the Rev. John Couch 
Grylls, kept a private school. His jiromise as a mathe- 
matician induced his yiarents to send him to the University 
of Cambridge, and in October 1839 he entered as a sizar 
at iSt John’s College. He graduated B.A. in 1843 us the 
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senior wrangler and first Smith’s prizeman of his year. 
While still an undergraduate he hapfiened to read of 
eertaiii unexplained irregularities in the motion of the 
planet Uranus, and determined to investigate them as soon 
as possible, with a view to ascertaining whether they 
might not be due to the action of an undiscovered planet 
licyond it. Klecttul follow of his college in 1843, he at 
once iiroceeded to attack the novel problem. It was this : 
from the ob8t^rved iKjrturbations of a known planet to 
deduce by calculation, assuming only Newton’s law of 
gravitation, the mass and orbit of an unknown disturbing 
body. By S<ipteml)or 1 845 he obtained his first solution, 
and handed to I’rofessor Challis, the director of the 
(Cambridge Observatory, a jiapor giving the elements of 
what lie dcscrilied as “ the new jilaiiet.” On 21st October 
1 845 he left at Oreonwich Observatory, for the information 
of Airy, the astronomer royal, a similar document, still 
preserved among the archives. A fortnight afterwards 
Airy wrote a.‘‘king a question about a ixiint in the solution. 
Ailams, who thought the point trivial, did not reply, and 
Airy for some months took no stejw to verify by telescopic 
.search the results of the young mathematician’s investiga- 
tion. Meanwhile, Le Verrier, on 1 0th November 1845, 
presented to the French Academy a memoir on Uranus, 
showing that the existing theory failed to account for its 
iijotioii. Unaware of Adams’s work, he attempted a like 
imjuiry, and on Ist Juno 1816, in a second memoir, gave 
the iKJsition, but not the mass or orbit, of the disturbing 
body whose existence was jiresumed. The longitude ho 
assigned iliffored by only 1 “ from that predicted by Adams 
in the document which Airy possessed. The latter was 
striK'k by the coincidence, and mentioned it to the Board 
of Visitijrs of the Observatory, Challis and Herschel lieing 
present. IlerscJiel, at thi* ensuing meeting of the British 
Association I'arly in 8t‘ptember, accordingly ventured to 
predict tliat a new planet would shortly Ixi discovered. 
Meanwhile Airy liad in July suggested to Challis that the 
planet should be sought for with the Cambridge equatorial. 
The Htiai-ch was begun l>y a laborious method at the end 
of the month. On 4tli and 12tli August, as afterwards 
appeared, the planet was actually observed ; but owing to 
1 he want of a ]>ro|»er star-iuaj) it was not then recognized as 
planetiiry. J^e Verrier, still ignorant of these occurrences, 
[)i*escnted on 31st August 1846 a third memoir, giving 
for the first time the mass and orbit of the new body. He 
communic-ated his results by lett<jr to Dr Galle, of the 
Herhii Observatory, who at once examined tlie suggested 
region of the heavens. On 23rd Seiitemlier he detcjcted 
near the i>redicted place a small star unrecorded in the 
map, and next evening found that it liad a projjer motion. 
No doubt remained that “ J^e Verri(‘r’s planet” had been 
discovered. On tlu» ainiouiieeiiieiit of tJie fact Herschel 
and Clmllis made known that Adams had already calculated 
the }»laiiet’s eleimmts and position. Airy at length jmb- 
lishod an account of the circumstances, and Adams’s 
memoir was printed as an aiqiendix to the Nautical 
Ahmtnar, A keen controversy arose in France and 
England as to the merits of the two astronomers. In the 
latter country much surprise was express(*d at the apathy 
of Airy; in Franco the claims made for an unknown 
Englishman were n^sented as detracting from the credit 
due to Le Verrier’s achievement. As the indisput- 
able facts became known, the world recognized that 
the two astronomers had independtmtly solved the 
problem of Uranus, and to each ascribed an equal 
glory. The new planet, at first f*.alled Le Verrier by 
Arago, receivcjd by general consent the neutral name of 
Neptune, Its mathematical prediction was not only an ; 
unsurpassed intellectual feat ; it showed also that Newton’s i 
law of gravitation, which Airy had almost called in i 


question, prevailed even to the utmost bounds of the solar 
system. 

The honour of knighthood was offered* to Adams when 
I Queen Victoria visited Cambridge next year ; hut then, as 
on a subsequent occasion, his modesty led him to decline it. 
The Eoyal Society awarded him its Copley medal in 1848. 
In the same year the members of St John’s College com- 
memorated his success by founding in the University an 
Adams prize, to be given biennially for the best treatise 
on a mathematical subject. In 1851 he became president 
of the Eoyal Astronomical Society. His lay fellowship at 
St John’s College came to an end in 1852, and the exist- 
ing statutes did not permit of his re-election. Pembroke 
College, which iiossessed greater freedom, elected him in 
the following year to a lay fellowship, and this he held for 
the rest of his life. In 1858 he became professor of 
mathematics at St Andrews, but lectured only for a 
session, when he vacated the chair for the Lowndean 
professorship of astronomy and geometry at Cambridge. 
Two years later lie succeeded Challis as director of the 
Observatory, where be resided until his death. In 1863 
he married Miss Eliza Bruce, of Dublin, who survived 
him. 

Although Adams’s researches on Neptune were those 
which attracted widest notice, the work he subsequently 
performed in relation to gravitational astronomy and 
terrestrial magnetism was not less remarkable. Several 
of his most striking contributions to knowledge originated 
in the discovery of errors or fallacies in the work of his 
great predecessors in astronomy. Thus in 1852 he pub- 
lished new and accurate tables of the moon’s parallax, 
which superseded Burekhardt’s, and supplied corrections 
to the theories of Damoiseau, Plana, and Pont^coulant. 
In the following year his memoir on the secular accelera- 
tion of the moon’s mean motion disproved the validity of 
Laplace’s famous explanation, which had held its place 
unchallenged for sixty years. At first, Le Verrier, Plana, 
and others abroad clisjmted the soundness of Adams’s 
startling result, but further inquiry established beyond 
(|uestion that he was right, and his memoir produced 
nothing less than a revolution in this branch of theoretical 
astronomy. The Boyal Astronomical Society in 1866 
awarded him its gold medal for these rescarcjhes. The 
great meteor shower of 1866 turned his attention to the 
Leonids, whose probable path and period had already been 
discussed by Professor TI. A. Newton. Using a powerful 
and elaborate analysis, Adams ascertained tliat this cluster 
of metiHirs, which belongs to the solar system, travesrses 
a nearly circular orbit m 33 J years, ami is subject to 
definite jinrturbatious from the larger planets, .Jupiter, 
Saturn, and Uranus. These results were published in 
1 867. Ten years later, when Mr G. W. Hill of Washington 
brought out a new and bciautiful method for dealing with 
the problem of the lunar motions, Adams announced in a 
brief notii'c his own work in the same field, whicih had 
followed a parallel course. His results confirmed and 
supplemented Hill’s. In 1874-76 he was president of the 
Royal Astronomical Society for the second time, when it 
fell to liim to present the gold medal of the year to Le 
Verrier. The determination of the constants in Gauss’s 
theory of terrestrial magnetism occupied him at intervals 
for over forty years. The calculations involved great 
labour, and were not published during his lifetime. They 
were edited by his brother, Professor W. Grylls Adani.s, 
and ap|)ear in the second volume of the collected Scientific 
Pajiurs, Numerical computation of this kind might almost 
be described as his pastime. The value of the constant 
known as Euler’s, "and the Bernoullian numbers up to the 
62nd, he worked out to an unimagined degree of accuracy. 
For Newton and his writings he had a boundless admira* 
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tion ; many of liis papers, indeed, bear the cast of Newton’s 
thought. He laboured for many years at the task of ar- 
ranging and ca^oguing the great collection of Newton’s 
unpublished mathematical writings, presented in 1872 to 
the University by Lord Portsmouth. The account of these, 
issued in a volume by the University Press in 1888, is by 
his hand. The post of Astronomer Koyal was offer^ him 
in 1881, but he preferred to pursue his peaceful course of 
teacliing and research in Cambridge. lie was Britisli 
delegate to the International Prime Meridian Conference at 
AV^ashington in 1884, when he also attended the meetings 
of the British Association at Montreal and of the American 
Association at I’hiladelphia. Five years later his health 
gave way, and after a long illness he died at the (Cambridge 
Observatory on 2l8t January lt>92, and was buried in St 
C iles’ cemetery, near hi s home. An i n ternational comm ittee 
was formed for tlie purpose of erecting a monument to 
his memory in Westminster Abliey; and there, in May 
1895, a portrait medallion, by Albert Bruce Joy, was 
placed near the grave of Newton, and adjoining the 
memorials of Darwdn and of Joule. His bust, by the 
same sculptor, stands opposite tliat of Hcrschel in the hall 
of St John’s College, Cambridge, of which both were fellows, 
llerkomor’s portrait is in Peinbrokcs College; and Mogford’s, 
painted in 1851, is in the combination room of St John’s. 
Another bust, taken in his youth, lielongs to the lioyal 
Astronomical So(‘iety. A memorial tablet, with an in- 
scription by Archbishop Benson, is jJaced in the (Cathedral 
at Truro ; and Mr Passmore Edwards erected a public in- 
stitute ill his honour at Launceston, near his birthidace. 

The HcieiUific Papers of John Couch AdxtviSy 4to, vol. i. (3896), 
and vol. ii. (1900), edited by William (Jiylls Adams and Ralph 
Allmi Sampson, with a memoir by Dr J. W. L. Ghushor, and hia 
hectares on the Lunar Tit^eoryy edited by Professor Sampson, have 
been published by the Cambridge University Press. M *) 

AdanOi (l) a Turkish vildyet in the S.K. of Asia 
Minor, whicli includes the ancient Cilicia. TJie mountain 
districts are rich in mineral wealth, and the fertih' eoast- 
])lain is well watered by the rivers that descend from the 
'raurus range. Imports and exiiorts pass through ISIersina. 
Pop. 405,000 (Moslems, 158,000; Ansarieh, &c., 73,000; 
(^hristians, 174,000). (2) The chief towui of the vilayet, 

Mtuated in the alluvial plain fin the right liauk of the 
Sihuii, aSuj'us, which is navigable for small craft to its 
mouth. It is connected with Tarsus and Mersina by a 
railway built in 1887, and has good buildings, river-side 
(|uays, cotton-mills, and an American mission with church 
and schools. Adana, which retains its ancient name, rose 
to iiiiiK)rtanco as a station on the Boman military road to 
the east, and was at one time a rival of Tarsus, During 
the Middle Ages it often changed hands and suffered many 
vicissitudes. It is the seat of a British vice-(;onsul. Pojui- 
lation, 31,000 (Moslems, 14,000 ; Christians and Ansarieh, 
17,000). 

Addiirrat. Bee Abyssinia. 

Addls-abbaba. See ABYSsmA. 

Adelaide, the capital of Bouth Australia, 7 miles 
from the mouth of the Torrens river, in 34*^ 57' S. lat. and 
138** 38' E. long. Built on a broad plain running between 
a range of mountaiuj and the gulf of St Vincent, it is con- 
nected by mil with the sea at several points liesides Port 
Adelaide — 7^ miles away, including Largs Bay, where 
the gloat oc^n liners anchor. It is also the terminus 
of an extensive railway system, of which the main line 
runs through Melbourne, Sydney, and Brisbane to Itock- 
hainpton. Of late years the population, and more especi- 
wly t^t of the outlying suburbs, has rapidly increased. 
The city generally contained in 1901 38,981 inhabitants; 
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the city and suburbs within a 10-mile radius, 162,094. 
The principal suburbs are Burnside, 7763; Glenelg (like 
Semaphore, a resort on the coast of the gulf), 3946 ; 
Hindmarsh, 9984 ; Kensington and Norwood, 12,562 ; 
I’ort Adelaide, 20,062 ; St Peter’s, 7605 , Tlicliartun, 
5297 ; and Unley, 1 8, 1 1 9. The streets are generally broad, 
well kept, and well drained ; horse tramcars run through 
the principal thoroughfares ; and arrangements ha\e 
been made with a private company to liglit oeiUin parts 
of the city with electricity. A university was established 
in 1874, and mceives a Government grant of £3200 ]»ei 
annum. It has also lieen magnihi'ently endow'cd by Sir 
Thomas Elder, a former citizen, who presented £30,000 
for a medical school, £20,000 for arts and science 
faculties, £20,000 for a chair of music, and £25,000 for 
the general funds of the university. Other educational 
institutions include a technical college with over 300 
scholars, and a school of mines and industries with over 
800. There are extensive Government buildings and law 
courts, a fine museum and free library, an institute contain- 
ing a libmry, an art gallery containing several splendid 
s]>ecimens of modern art, a town hall, a stock exchange, two 
Imndsome markets — one the profierty of the corporation, 
a hospital, two theatres, an academy oi’ music, city baths, 
two lunatic asylums, and seveml charitable institutions. 
The general post office also deserves siiecial mention, 
lieing one of the finest in Austmlasia. The laigi* hall 
of the exhibition building is largely used for the ]mri)ose of 
entertaininente. Among the monuments are one to Colonel 
Light, the founder of the colony, statues of Queen Victoria 
and Robert Burns, and copies ol the Farnese Hercules and 
Canova’s Venus. The city is surrounded by juiik lands, 
and also contains botanic gardens and a fine collection of 
zoologies siiecimens. Near Glenelg stands Morpetliville 
racecourse. The thermometer in summm' frcijuently stands 
as high as 110*' F. in the shade, hot winds blowing the 
while from the interior, but during the rest of the } ear the 
climate is mild and pleasant. During a p(*nod of about 
thirty years the mean annual rainfall has lw*en 20* 1 inches. 

Tho Adelaide city govorunioiil is legarded as more progtcssivo 
than that of any other Australian capital. Tho iimDicii>al 
council consists of a mayor and mx aldermen, elected by tho whole 
body of ratepayers, ana twelve councillors elected by six wards. 
In no other Australian city is the mayor elected by the ratepayers 
gouerHlly. The drainage is managed on a carefully - planned 
system. For the water-supply theie are three stoiage reservoirs, 
with a ca]meity of about 8, .550, 000,000 gallons ot water, and several 
service reservoirs. Tho telephone system is owned by the state. 
South Adelaide is tho princi|)al business pail of tlie eitv, wliieh is 
tlie central share-market m Australia for the West Australian gold- 
fields, and also for the silver-mines ol Hrokeii Hill, and the copper- 
mines of Wallaroo, Hurra Hurra, and JMouiita in South Australia. 
Viewed from the standpoint of trade Port Adelaide is the third 
port of Australia. In 1900 the minorts W’ere valued at £4,739,483, 
and the ex]K>rts at £4,363,971. This suburb is also an iui])ort- 
aut mauntacturiug centre. Altogether four daily new spapers are 
issued in Adelaide. (,). i). f.) 

Adolsborff (Slovene, Pogf4>j7i^j)y a market town in 
the Austrian du^y of Carniola, chief tow^n of the district 
of tho same name. J^opulation of commune (1890), 3597, 
of whom 140 were German and the remainder Slovenes; 
(1900), 3636. The total length of the iia.ssage.s in the cido- 
brated stalactite cavern, about a mile from the towm, is now 
over 54 miles. The connexion with the Ottokar Grotto 
w^as esteblished in 1890. The Magdalene Grotto, about an 
hour’s walk to the north, is celebrated for the extraordinary 
subterranean amphibian, tho prote.m anffuinvsy first dis- 
covered there. It is about a foot in length, lives on snails 
and worms, and is provided with both lungs and gills. 

Adanf a seaport and territory in Arabia, politically 
part of British India, under the governor of Bombay. The 
seatiort is situated in 12* 45' N. lat. and 45* 4' E. long., 
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on a peninsula near the entrance to the Bed Sea. It was 
first occupied by the British in January 1839. From time 
to time additional land on the mainland has been acquired 
by cession or purchase, and the adjoining island of Porhn, 
lying in the actual mouth of the strait, was permanently 
occupied in 1857. Further inland, and along the coas^, 
most of the Arab chiefs are under the political control of 
the British Government, which pays them regular allow- 
ances. The areti of the ijeninsula is only 15 square miles, 
but the total area of British territory is returned at 
80 square miles, including Perirn (5 square miles). In 
1891 tlie population was 44,079, of whom no less than 
30,914 were males. Jn 1901 the ]x>pulation was 41,222, 
showing a decrease of G per cent. The average den- 
sity is 515 |)erHons jHsr square mile. The ^oss revenue 
jfi 1897-98 was Ks. 38,07, 539, and the municifial income 
Hs. 1,93,922. There arc 42 schools, with 1949 pupils, 
being 5*6 per cent, of the population. There are three 
]>rmting pre.ssos, of which one is in the jail, and the 
other two belong to a Kuro[>ean and a Parsi firm of 
iiierehants. In 1900 Aden suffered from an epidemic 
outbreak of plague. 

Ailtiu is Htioiigly fortifiKl, with a permauoiit garrison of one 
British and one iiativo regimi*nt, two batierws ot artillery, and one 
company of engineers The adiniiiistratioii is conducted by a 
political resident, who is also the military coTninandaiit. All food 
roijuires to he nnpoited, and the wator-siipply is largely derived 
from condensation. A little water is obtained from wells, and 
some from an acniednct 7 miles long, constructed iii 1867 at a cost 
cfl* £.30,000, besnles uii irregular supply from tlie old reservoiis. The 
importonco of Aden as a nort ol call for steaniers and a coaling 
station has grown iniinunsely siiico the oficnirig of the 8uoz Canal. 

It also conducts u coiisidcrahlu trade with the interior of Arabia, 
and WMth the 8oma)i coast of Africa on the ojipusite side of 
the Red Soa. The submaiine cables of the Eastern Telegraph 
Ooinpany hcie div<'igo — on the one hand to India, the Far East, 
and Australia, and on the otiier hand to Zanzibar and the Cape. 
The number of steamers visiting the port lose liom in 1871-72 
to 121 \ in 1881-82 In 1897-1)8 the t<jtal number ol merchant 
vessels that entered and cleared w'as 2496, of which 1080 with a 
tonnage ot ‘2,121,013 wore stoaineis. Tlic number that called to 
dischaige or take cargo was 816. In adiiitioii, 129 Britisli and 
ioroigu men-of w’ar and troofiships called at the port lii 1897-98, 
the total volume of trade amountod, in tens of rupees, to 8,188,393, 
wliich is clussilicd into foreign, Indian, and inland. Of the 
foieigii, the imports amounted to K\. 2,8dl,193, and ihe exports 
to Kx 3,31.'»,02S OJ the Indian, the impoits w’ere llx. 1,250,054, 
and the ex]»urts Rx. 258,800. Of the iiilaml, the imports were 
Rv. 337,640, ami the exiiorts U\. 1'1.'5,678 The jtrineipal artieles 
of inqiort are collee, cotton- piece goods, &e., grain, hides, eoal, 
opium, cotton-twist and yam. The exports are, in the mam, a 
repetition 0 1 the impoits. Of the total iiiqiorts, nearly one-third 
oome from the east coast of Africa, and aiiotiicr thiid from Arabia. 
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Of the total extorts, nearly one-third again go to the east coast 
of Africa. In 1897-98 the share of the United Kingdom was only 
18 |)er cent, of the total imports, and 6 per cent of the total 
exports. In that year the receipts of the port.trust amounted to 
Rs.2,48,975, and the expenditure to R8.2,70,511. The numlier of 
vessels that called at Porim was 556, of which 396 were British. 

(j. S. Co) 

Adorn&i a town of Italy, Sicily, prov. Catania, 
situated at the S.W. foot of Mount Etna, 22 miles N.W. 
from Catania by tho circum-Etna railway. It has a square 
Norman tower (now converted into a prison) and a monas- 
tery (1157), both built by the Norman count Boger of 
Sicily ; some slight remains survive of the ancient 
Bikelian city of Iladranum^ and of its famous temple to 
Hadranus. Adem6 is famous for its oranges, and has 
fiour-mills. Population (1871), 14,613; (1881), 19,180; 
(1901), 25,873. 

Adlquala. See Eritrea. 

AdIrondCiCkSf a group of mountains in north- 
eastern New York, TJ.S.A., a portion of tho Appalachian 
system of eastern North America, occupying the eastern part 
of the region between Lake ('hamj)lain and Lake Ontario, 
north of the Mohawk Valley. They do not form a con- 
nt^cted mnge, but consist of many summits, isolated or in 
groups, arranged with little appearance of system. The 
highest peak, Mount Marcy, altitude 5344 feet, is near the 
eastern part of the group, and about it are many summits 
exceeding 4000 in height. These mountains, consisting 
mainly of somewhat liomogeneous granite rocks, are the 
result of long -continued erosion, carried on in a greatly 
elevatiid region, by which tlH‘ softer areas have sufiered the 
most and the harder the least. In recent geologic times 
this area, with the exception of the higher summits, was 
covered by the Laureiitian glacier, whose erosion, while 
perhaps having little eftect on tho larger features of the 
country, has greatly modilied it in details, producing many 
lakes and ponds, togetluT with rapids and falls in the 
streams. The ri‘gion is heavily forested with spruce, pine, 
and broad-leavtui treexs, forming the only continuous forest 
ar(»a remaining in the slate. In order to preserve these 
forests from divstrurtion the state withholds its lands from 
sale, and as ojiportunity oilers, increase's its holdings by pur- 
ehasi$. In 1 900 the ai ea of state lauds comprised 1 ,250,000 
acres. The Adirondack region, with its mountains, lakes, and 
forests, presents niiieli beautiful, and even grand, scenery, and 
is greatly frequented in summer as a resort and sanatorium. 

Adl-Usrri. See Kuitrea. 
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Bums II Empire. 

I. rpHE Adiiumiitratu'e -That the navy is the 

I only it*al del’i'iice of the Britisli islands has been 
recognized by hhiglish ]ieople ever since the days of King 
OfFa, who dii‘d in 796, h'living to his sueeeasors the admir- 
able lesson that “In* who would b(‘ secure on land must l>e 
supreme at sea.” The truth of tin* lesson thus learnt is 
.sanctioned by all the i*\]K'rienee of h'nglish history, and 
Barlianient has ifjieatedly <'nforeed the fact. The navy is 
tho only force that can s.ifeguar(l tht' Britisli islands from 
hostile descents ; it is tlie only forct' that can protect 
their vast sea-borne commerce and food snp]>lies; by 
giving safety to th(» home country it st»ts British trcnqis 
fri'e for operations abroad, ami makes th(*ir pixssage st'ciire ; 
and thus, as also by giving emnmand of the sea, the fleet 
is the means by whiidi tin' empire is guarded and has 
become a true imperial bond. 

British naval administration is conducted by the Board 


of Admiralty, and the function of that Ixiard is the main- 
tenance and expansion of the fleet in accordance 
with the jiolicy of the Government, and the 
supplying of it with trained officers and men ; Admiralty, 
its distribution througliout the world ; and its 
jireservation in reailiness and efficiency in all material and 
personal respects. The character of tho Admiralty Board 
is peculiar to the British constitution, and it possesses 
certain features which distinguish it from other dejiart- 
ments of the State. The business it conducts is very 
groat and eoin]»h'\, and the machinery by which its work 
IS done has grown with tho expansion of that business. 
The whole system of naval administration lias lioen 
developed historically, and is not the product of the 
organizing skill of one or a few individuals, but an organic 
growth ]ios.sessing marked and special cliaracteristics. The 
Admiralty Board derives its character from the fact that 
it represents the Lord High Admiral, and that its powers 
and operation depend much more ujion usage than upon 
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those instruments which actually give it authority, and 
which, it may be remarked, are not in harmony among 
themselves. The executive operations are conducted by a 
scries of civil ^departments which have undergone many 
clmnges before reaching their present constitution and 
relation to the Board. The salient characteristic of the 
Admiralty is a certain flexibility and elasticity with which 
it works. Its members are not, in a rigid sense, heads of 
dejiartinonts. Subject to the necessary and constitutional 
supremacy of the Cabinet Minister at their head, they are 
jointly and co-equally “commissioners for executing the 
office of High Admiral of the United Kingdom, and of the 
territories thereunto belonging, and of High Adiniml of 
the colonies and other dominions.” The members of the 
Board are in direct and constant communication with the 
First Lord and with one another, as also with the civil 
departments which work under their control. It was 
enjoined by James 1. tliat the princiiml officers and corn- 
mi ‘^siuners of the navy should be in constant communica- 
tion among themselves, consulting and advising “by 
common council and argument of most voices,” and should 
live as near together as could conveniently be, and should 
meet at the navy office at least twice a week. This system 
of intercommunication still exists in a manner which no 
system of minutes could give ; and it may be remarked, as 
illustrative of the flexibility of the system, that a Board 
may l)c foniied on any emergency by two Lords and a 
secretary, and a decision arrived at then and there. Such 
an emergency Board was actually constituted some years 
ago on board the Admiralty yacht in order to deal on the 
instant with an (*vent which had jiftt occurred in the fleet. 
At the same time it must be remarked that, in practice, 
the First Lord l)eing i)ersonally responsible under the 
Orders in Council, the operations of the Board are 
dci)endent upon his direction. 

The present system of administering the navy dates from 
the time of Henry VIll. The naval business of the 
country had so greatly ex^ianded in his reign 

* that we find the Admiralty and Navy Board re- 

organized or established ; and it is worthy of remark that 
there existed at the time an Ordnance branch, the navy 
not yet being dei)endent in that matter upon thti War De- 
partment. ^ The Navy Board administered the civil de 2 >art- 
ments under the Admiralty, the directive and executive 
duties of the Lord High Admiral remaining with the 
Admiralty office. A little later the civil administration 
was vested in a Board of princqml officers subordinate to 
the Lord High Admiral, and we can henceforth trace the 
work of civil administration being conducted under the 
navy and victualling boards apart from, but yet subject 
to, the Admiralty itself. This was a system which con- 
tinued during the time of all the great wars, anti was not 
abolished until 1832, when Sir James Grahaui, by his 
reforms, i)ut an end to what ajijieared a divided control. 
Whatever may have been the demerits of tliat system, it 
sufficed to maintain the navy in the time of its greatest 
achievements, and through all the wars w'hich were 
wged with the Sjwiniards, the Dutch, and the French. 
The original authority for the present constitution of the 
Admiralty Board is found in a declaratory Act of the 
2 William and Mary, c, 2, in which it is enacted that “ all 
and singular authorities, jurisdictions, and jiowers which, 
by Act of Parliament or otherwise, had be(*n lawfully 
vested ” in the Lord High Admiral of England had always 

' The Board of Ordnance wae originally instituted for the navy, but 
eventually fell into military hands, to the detriment of the navy — the 
only navy of any nation that has not ftill authority over its own 
?*^*?®®* 1653, according to Oppeuheim, it was, owing to its 

y efficiency, placed under the Admiralty. In 1632 it atipears to have 
oe» independent, but ‘‘still retained that evil pre-eminence in sloth 
and incapacity it had already earned and has never since lost.” 


65 

appertained, and did and should ajiiiertaiu to the com- 
missioners for executing the office for the time being “ to 
all intents and i)urix).ses as if the said commissioners were 
Lord High Admiral of England.” The Admiralty commi.s- 
sion was dissolved in 1701, and reconstituted on the death 
of l^ince George of Denmark, Lord High Admiral in 1709. 
From that time forward, save for a short jieriod in 
1827-28, when the Duke of Clarence was Lord Higli 
Admiral, the office has remained in commission. 

It is unnecessary to describe in detail tins many changes 
which have jiassed over the system of naval admmi.slrution 
up to the present time. When Lord St Vincent accejiti-d 
office under the Addington ministry in 1801, it fell to 
him to deal with a vast system (if w^aste, extravagance, 
and malversation of imblic funds. The woik of reform 
was too vast even for this strong administrator to accoin* 
idish, and the great seaman became the object of a torrent 
of virulent abuse embodied in an extraordinary |)amj)lilet 
literature. When the Addington ministry fell he left 
office, but the work he had done bore good fruit later. 
The investigations wdiich were conducted at that time 
w^ere essentially the basis of the reorganization effected by 
Sir James Graham under the arliiiinistratioii of h!larl Grey. 
That reorganization involved the abolition of the Board of 
2 >rincipal officers and commissioners of the navy, and the 
commissioners for victualling, the whole business of naval 
administration being concentrated under the immediate 
direction of the Board of Admiralty. The “Act to amend 
the laws relating to the business of the civil departments 
of the navy, and to make other regulations for more 
effectually carrying on the duties of the said departments ” 
(2 William IV. c. 40), vested in the Admiralty Board all 
the jiowers of the commissioners of the civil departments, 
and provided for the creation of five seiiarate and iii- 
dcjicndent responsible superintendents of dejiartiuents 
under the Admiralty collectively, and the sevt»ral Lords 
individually. These new officers were the surveyor of the 
navy, the accountant-general, the storekeeiier-gcneral, the 
controller of victualling and trans[)orts, and the ])hy.sician 
of the navy, whose title in 1843 became director general 
of the medical deiiartmeut of the navy, A number of 
changes have since been made;, but the general ^irinciplc 
remains the same, and the constitution of the Admiralty 
Board and civil de 2 >artTnents is clescrilied lielow. Thcv 
Board consisted of the First Lord and four Naval Lords 
with a Civil Lord, who were accustomed to meet sometimes 
daily, but at all times frequently ; and the system develojied 
provided for the sub-division of lalxuir, and yet for the 
co-ordinated exertion of effort. 

A fresh system, at variance with Admiralty tradition and 
practice, was introduced by Mr Childers in 1869. But 
those changes have now almost entirely been reversed. The 
system of intercoinmunicatiou in the Board was j^aralyM^d 
by an attempt to lay down definite rules of practice and 
to define what was essentially indefinable. When Mr 
Goschen succeeded Mr (ffiilders he found it necessary to 
modify the system , and since that time it may be said that 
the Admiralty Board has resumed, broadly, the character 
which it hod after the reorganization of Sir James Graham. 
The merits of that system, as conducing to elasticity and 
flexibility of w^orking, have lieen pointed out ; and, w’hat- 
ever its disadvantages, it is not to be denied that the system 
has worked well in practice, and has certainly won the 
approval and the admiration of many statesmen.- Lord 
George Hamilton said, before th(i Koyal Commission on 
civil establishments, 1887, that “It hiis this advantage, 

* The Duke of Somerset, Lord Halifax, Sir J. Graham, Sir F. Bariug, 
and others stated that “the adiniuistrative system contrasted most 
favourably with any department they had been connected with,” as 
did the more recent commission under Lord Hartmgtoii’a presidency. 

S. I. --9 
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that you have all departments represented round a table, 
and that if it is necessary to take quick action, you can 
do in a few minutes that which it would take hours under 
another system to do ” ; and the rejwrt of the Royal Com- 
mission of 1889 remarked that “ The constitution of the 
Board of Admiralty appears to us well designed, and to be 
placed under present regulations on a satisfactory footing.** 

The special cluircicWristics of the Admiralty Board 
which have been described are accomjjanied by a very 
j)eculiar and noteworthy feature, which is not 
Powm. ^itiiout relation to the untrammelled and un- 
defined operations of the Admiralty. This feature arises 
from the discrepincy bc»tween the Admiralty patent and 
the Orders in Council, for the Admiralty is not adminis- 
tered according to the terms of the imtent which invests 
it with authority, and its operations raise a singular point 
in constitutional law. 

The legal origin of the powers exercised by the First 
Lord and the Board itself is in<leed curiously obscure. 
Under the i)atent the full power and authority are con- 
ferred uix>n “any two or more** of the commissiouers, 
though, in the patent of Queen Anno, the grant was to 
‘‘any three or more of you.” It was under the Act 2 
Will. IV. c. 40 that two Lords received the necessary 
authority to legalize any action of the Board ; biit already, 
under an Act of 3 George IV., two Lords had been 
cin})owered to sign so long as the Board consisted of six 
members. We therefore find that the legal authority of 
the Board under the patent is vest€»d in the Board ; but 
in the Order in Council of 14th January 1869 the sole 
responsibility of the First Lord was officially laid down, 
and in the Order in Council of 19th March 1872 the 
First Lord was made “ resjiousible to your Majesty and to 
Parliament for all the business of the Admiralty.** As a 
matter of fact, the authority of the First Lord, independent 
of his colleagues, had existed in an undefined manner from 
ancient times. Before a select committee of the House 
of Commons in 1861 the Duke of Somerset stated that 
he considered the First Lord responsible, that he had 
always “acted under that impression,** and that he 
believed “all former First Lords were of this qunion**; 
while Sir James Graham said that “the Board of 
Admiralty could never work, whatever the pattmt might 
be, unless the First Lord were supreme, and did exercise 
constantly supremo and controlling authority.** It is not, 
therefore, surprising to find that there has been undoubt- 
edly direct government without a Board. Thus, in the 
operations conducted against the French cLaiinel ports in 
1803-4, Lord Melville, then First Lord, took steps of 
groat importance without the knowledge of his colleagues, 
though h(i afterwards bowed to their views, which did not 
coincide with his own. Again, when Lord Gambier was 
scut to Copenhagen in 1807, he was instructed to obey all 
orders from the King, through the jirincipal Secretary of 
State for war, and in this way received orders to attack 
Copenhagen, which were unknown to all but the First 
Lord. In a similar way the secretary of the Admiralty 
was despatched to Pans in 1813 wnth instructions to issue 
orders as if from the Board of Admiralty wIkmi directed 
to do so by the foreign secretary who accompanied him, 
and these orders resulted iu Napoleon’s c^ipture. These 
instances were cited, except the first of them, by Sir James 
Graham before the select committee of the House of 
Commons in 1861, iu order to illustrate the elastic powers 
uuder the i>ati*iit which enabled the First Lord to take 
immediate action in matters that concerned the public 
safety. It is not surprising that this peculiar feature of 
Admiralty administration ^ould have attracted adverse 
criticism, and have led some minds to regard the Board 
<ib “a fiction not worth keeping up** — a view expressed 
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by Mr Baxter, parliamentary secretary in 1871. There 
have been instances of the power of the First Lord being 
misused, and in relation to the loss of the Captain in 
1870, it seemed a legitimate conclusion t(f draw from the 
evidence before the House of Lords committee that Mr 
Childers, being himself nominally responsible for sending 
this vessel to sea, constituted himself a judge of the case, and, 
exempting himself from blame, distributed censure among 
a number of |>ersons, while he placed the chief weight on 
the Controller, who had been by a former board specially 
released from this responsibility.^ The truth is that there 
existed antecedently to the Admiralty patents, and now 
concurrently exists with them, an undefined power based 
upon usage enabling the First Lord to act independently 
of his colleagues. This is a feature of administration that 
evidently springs from necessity and political expediency. 

The ciise of the Captain had a l^neficial effect upon 
Admiralty administration. It caused the Board to be 
reinstated in its former position, and gave once more to 
the system those advantages of intercommunication and 
consultation which have been alluded to. It cannot bo 
said, however, that the question of ultimate responsibility 
is well defined. The Duke of Somerset, Sir James 
Graham, and Sir Charles Wood, afterwards Lord Halifax, 
held the view tliat the First Lord was singly and personally 
responsible for the sufficiency of the fleet. Sir Arthur 
Hood expressed before the House of Commons commit- 
tee in 1888 the view that the Board collectively were 
responsible ; whilst Sir Anthony Hoskins assigned the re- 
sponsibility to the Firtji Lord alone with certain qualifica- 
tions, which is a jufet and reasonable view. 

II. Admiralty Organization , — Under the organization 
which now exists, the Board of Admiralty consists of the 
First Lord, the first and second Naval Lords, the Additional 
Naval Lord and Controller, tln^ junior Naval Lord, and the 
Civil Lord, who are commissioners for executing the office 
of Lord High Admiral, and with them are the parliamentary 
and financial secretary and the permanent secretary. As 
has been ex]>iained, the First Lord is responsible under the 
Orders in Council to the Crown and to Parliament for all 
Admiralty business. In the hands of the other Lords and 
secretaries rest duties very carefully defined, and they 
direct the civil deiMirtments which are the machinery of 
naval administration. The first Naval Lord, the second 
Naval Loid, and the junior Naval Lord are responsible to the 
First Lord in relation to so much of the business concerning 
the personnel of the navy and the movements and condition 
of the fleet as is confided to them, and the Additional Naval 
Lord or Conti oiler is responsible iu the same way for the 
material of the navy ; while the jjarliainentary secretary 
has charge of finance and some other business, and the Civil 
Lord of all shore works— ?>., docks, buildings, J:c.~and 
the permanent secretary of special duties. Th(^ First Lord 
of the Admiralty is the cabinet minister through whom 
the navy receives its political direction in accordance with 
imperial policy. He is the representative of the navy in 
Parliament, which looks to him for everything concerned 
with naval affairs. The members of the Board are his 
advisers ; but if th(‘ir advice is not accepted, they haves no 
remedy except protest or resignation. It cannot be denied 
that the responsibility of the nu*mbcrs of the Board, if 
their advice should be disregarded, must cease, and it is 
sufficiently obvious that the remedy of resignation will 
not always commend itself to those whose position and 
advancement depend upon the favour of the Government, 


* The late Admiral Sir Cooper Key, when director of naval ord- 
nance during Mr Childers's administration, observed to the writer that 
no First Lord of the Admiralty knew so little of the working of the 
Admiralty as Mr Childers, because, owing to the discontinuance of Board 
meetings, he lost the great advantage of hearing the diacuuiou. (r.v.h.) 
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Something will be said a little later concerning the work- 
ing of the system and the relation of the First l^ord to the 
Board in regaft’d to the navy estimates. In addition to 
general direction and supervision, the First Lord has special 
charge of promotions and removals from the service, and 
of matters relating to honours and rewards, as well as the 
apiK}intments of dag officers, captains, and other officers of 
the higher ranks. With him rests also the nomination to 
naval cadetships for the m%jor part and assistant clerkships. 

Apart from the First Lord, the first Naval Lord is the most 
important officer of the Board of Admiralty. It seems to 
be unquestionable that Sir James Graham was right in 
describing the senior Naval Lord as his ** first naval ad- 
viser.” Theoretically, the first Naval Lord is responsible for 
the personnel of the fleet ; but in practice he is necessarily 
concerned with the material also as soon as it is put into 
commission, and with the actual commissioning of it. It 
is correct to say that he is chiefly concerned with the 
H inployment of the fleet, though his advice hiis weight in 
regard to its character and sufficiency, and is always 
sought in relation to the shipbuilding programme. 
Broadly speaking, the first Naval Lord’s duties and authority 
•cover the fighting efficiency and employment of the fleet, 
and upon him and upon the Controller the naval busi- 
ness of the country largely falls. He directs the opera- 
tions of the admiral superintendent of naval reserves in 
regard to ships, the hydrographer, the director of naval 
oidnance, so far as the gunnery and torpedo training 
1 ‘stablishments are concerned, an^ the naval intelligence 
department, and he has charge of all matters relating to 
discipline. The mobilization of the fleet, both in regard 
to personnel and niaterial, also falls to him, and among a 
mass of other business in his department are necessary 
pivparations for the protection of trade and the fisheries. 
It will thus be seen that the first Naval Lord is the chief 
officer of the Board of Admiralty, and that the operations 
of the other members of the Board all have relation to his 
^^ork, which is no other than preparation for war. It 
may here be remarked that it ajqiears most necessary to 
change the Naval Lords frequently, so tliat there may 
always be iu the Board some one who possesses recent 
touch with the service afloat. 

The second Naval Lord may be regarded as the coadjutor 
of the first Naval Lord, with whose operations his duties 
are very closely related, though, like every other member of 
the Board, he is subordinate only to the First Lord. The 
duties of the second Naval Lord are wholly concerned with 
the personnel of the fleet, the manning of the navy, and 
mobilization. In his hands rests the direction of naval 
education, training, and tJie affairs of the royal marine 
forces. The training establishments and colleges are iu 
his hands. He appoints navigating officers and lieutenants 
to ships (unless they be to command), sub -lieutenants, 
midshipmen, and cadets, engineer officers, gunners, and 
boatswains, and supervises the management of the reserve. 
In his province is the mobilization of the personnel, 
including the coastguard and the loyal naval reserve. 
Necessarily, the first and second Naval Lords work together, 
and upon occasion can replace each other. It was explained 
to the House of Lords committee in 1871 — and the con- 
dition still prevails — that the two senior Naval Lords-— at 
that time Admiral Sir Frederick Grey and Vice-Admiral 
Eden — were in constant communication in relation to the 
complements of ships and the manning of the fleet, and 
that each knew intimately the other’s work, and when neces- 
sary coidd take charge of it with perfect confidence.^ 

Most important are the duties that fall to the Additional 

' drawback is, that a Kaval Lord can only go on leave by 
tnrowing all his work on a colleague already overweighted with work. 


Naval Lord and Controller. He lias charge of everything 
that concerns the material of the fleet, and his operations 
are the complement of the work of the first Naval Lord. 
A great number of civil dejiartments are dir<*cted by tin* 
Controller, and his survey and supervision ext^end to the 
dockyards and building establishments of the fleet. He 
submits plans to the hmrd for new ships, and is respons- 
ible for carrying into effect its decisions in regard to all 
matters of construction and equipment. The building 
operations both in the dockyards and in private yards 
are therefore under his supervision. In regard to all 
these matters, the director of naval construction and the 
engineer -in -chief are the heads of the civil de}>artnients 
that carry on the w'ork. Again, the controller is resjious- 
ible in regard to armament — both gunnery and torjiedo — 
and it is the work of his department to stie to all gunnery 
and torpedo fittings, and to magazines, shell-rooms, and 
electric apparatus. The officer in iinniediate charge of 
this branch of the Controller’s work, under his direction, is 
the director of naval ordnance. In regard to work at the 
dockyards the Controller is aided by the director of 
dockyards. He supervises this officer in preparing the 
programme of work done in the dockyards, the provision 
of the material required, and its appropriation to })arti- 
cular work in accordance with the iirogranimc. Other 
officers who conduct great operations under the authority 
and responsibility of the Controller are the director of 
stores, who maintains all necessary supplies of coal and 
stores at home and abroad, and examines the store 
accounts of sliips, and the inspector of dockyard expense 
accounts, who has charge of the accounts of dockyard 
ex|ienditure and seeing that outlay is charged as directed. 
In regard to the navy estimates, the Controller, through 
his subordinates, is responsible for the pieparation and 
administration of votes 8 and 9 (those for shipbuilding 
and naval annainents), except in regard to some sub- 
headings of the former, and thus in the year 1900-1 for 
the expenditure of something like .£15,000,000. 

The juniorNavalLord has in his hands the very important 
duties that are concerned with the transport, medical, and 
victualling services, as well as the regulation of LospiUls, 
the charge of coaling arrangements for the fleet, and other 
duties that conduce to the practical efficiency of the navy. 
He also appoints chaplains, naval instructors, medical 
officers (except in special eases), and officers of the account- 
ant branch. A vast business in regard to the internal 
economy of ships greatly occuj»ies the junior Lord. He 
has charge, for example, of uniforms, prize-money, 
bounties, naval savings banks, and pensions to seamen 
and marines, and the widows of naval and marine officers. 
The work of the junior Naval Lord ])laees under his diiectioii 
the director of transports, the director-general of the Medical 
Department, the director of victualling, and, in regard to par- 
ticular matters, the director of stores, the accountant-general, 
the chaplain of the fleet, and the Intelligence Department, 
so far as the junior Lord’s department is concerned. 

The Civil Lord suiiervise^, through the director ot works, 
the Works Department, dealing with Admiralty buildings 
and works, construction and labour, contracts, and jiur- 
chases of building stores and land. He is also lespous- 
ible for the civil stafl^ of the naval establishments, except 
in regard to certain officials, and for duties connected 
with Greenwich Hospital, compassionate allow'ances, chant- 
able funds, and business of like character. The accountant- 
general, in regard to these matters, is directe*! by linn, and 
the director of Greenwich Hospital is under his authority 

The }>arliamentary and financial secretary is responsible 
for the finance of the department, the navy estimates, and 
matters of expenditure generally, and is consulted in 
regard to all matters involving reference to the Treasury 
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His position in regard to estimates and exwnditure is very 
important^ and the accountant-general is nis officer, while 
he has financial control over the director of contracts. 
The financial secretary also examines proposals for new 
expenditure. 

A most important official of the Board is the permanent 
secretary, whose office has been described as the “ nerve- 
centre ” of the Admiralty, since it is the channel through 
which papers for the Lords of the Admiralty pass for the 
inter -coinmunicatioii of departments and for the corre- 
spondence of the Board. The tradition of Admiralty 
procedure largely rests with the i>ermanent secretary, and 
it is most important that he should be chosen from one of 
the branches, and .should have served in as many of them 
a.s possible, in order that he may possess a thorough 
knowledge of the theory and practice of the Admiralty 
Hystcni. In addition to the secretarial duties of the 
)»ermanent secretary’s department, the permanent secre- 
tary has charge of the military, naval, and legal brancjhe.s, 
each under a principal clerk, the civil branch, and the 
record office. The various branche.s deal with matters 
concerning the commissioning of ships and the distribu- 
tion of the fleet, and the manning and discipline of the 
navy, with other associated inatter.s, being the channcLs 
for the operations of the Naval Lords. Jt is a highly 
important function of the de}»artinent of the permanent 
secretary to jireserve the inter-related working of the 
various departments, and to keej) unbroken the thread of 
administration when a u(‘w Board is constituted. 

The following U a li.st of the First Lords and tirst Naval Loids 
since 183‘2 : — 

Pint Lords. Senior KavaJ Lordu, 

8ir JaiiicH K. O. (Iraham, Bari., Hear • Adm. Sir Thonias M. 

November 1830. Hardy. 

Lord Auckland, June 1834. (1) Rcai-Adiu. Sir Thomas M. 

Hardy. 

(2) Keut'-Adm. the Hon. George 
II. L. Dundait. 

(3) Hear - Adm. Sir Charlos 
Adam. 

Earl de (Jroy, December 1834. Vicc-Adm..Sir.Tohn P. Beresfuid, 

K.C,B. 

Lord Anekluiid, April 183.5 Rear- Adm. Sir Charlea Adam. 

The Karl of Minto, G.C.B., Rear- Adm. Sir Charles Adam. 
September 1835. 

The Karl of Haddington, Sep- Adm. Sir George Cockburii, 
tember 1841. G.C.B. 

The Kiirl orKllcnborough, Jann- Adm. Sir George Cockbum, 
ary 1846 G.C.B, 

The Karl of Auckland, July (1) Viee • A<bn Sir Charles 
1846. Adam, K.C. B. 

(2) Rear -Adm. James W. 1). 
Dundas, C.B. 

Sir Franeis Thornhill Baring, (1) Rear -Adm. James W. D. 
Bart., January 1849. Dunda.s, C.B. 

(2) Rear - Adm. the Hon. M. 
Fit^hardinge Berkeley, (.\B. 
The Duke of Northumberland, Kear-Adm. Hyde Barker, C.B, 
K.G., February 1852. 

Sir James R G. Graham, Bart., (1) Viee - Adm Hyde Parker, 
January 1853. C.B 

(2) Rmiu - Adm. the Hon. M. 
Kit/haidinge Berkeley, C.B. 
Sir Charles Wood, March 18.55. (1) Rear • Adm. the Hon. M 

Fit/.hanlinge Berkeley, C.B. 
(2) Hear-Adni the Hon. Sir 
Rieliard S. Dundas, K.C.B. 

Sir John Pakington, Bart , Viee-Adm. William Fanshawo 
Mareli 1858. Martin. 

The Duke of Somciset, June (1) Viee -Adm. the Hon. Sir 
1859. Riehard S. Dundas, K.C.B. 

(2) Rear -Adm. the Hon. Sir 
Fredoriek W. <Jroy, K C.B. 

Sir John S. Pakington, Bart, Viee-A<lin. Sir Alexander Milne, 
G.C.B., July 1866. K.C.B. 

Kt. Hon. Henry Thomas Lowry Vicc-Adm. Sir Alexander Milne, 
Corry. March 1867. K.C.B. 

Rt. Hon. Hugh Culling Eardlcy Vice-Adm.Sir Sydney C. Dacres, 
Childers, &c6mber 1868. K.C.B. 


First Lords, Senior Ncmal Lords, 

Rt Hon. George J. Goschon, (1) Vice -Adm. Sir Sydney 0* 
March 1871. Dacres, K.C.B. 

(2) Adm. Sir cAlexander Milne, 
G.C.B. 

Hi. Hon. George Ward Hunt, (1) Adm. Sir Alexander Milne, 
March 1874. G.C.B. 

(2) Adm. Sir Hastings R. Vel- 
verton, G.C.B. 

Rt. Hon William Henry Smith, (1) Adm. George 0. Wellesley, 
August 1877. C.B. 

(2) Adm. Sir Astley Cooper 
Key, K.C.B. 

The Earl of Northbrook, May Adm. Sir Astley Cooper Key,. 

1880. ‘K.C.B. 

Lord George Hamilton, July Vice-Adm. Arthur W. Aclaud 

1885. Hood, C.B. 

The Marquis of Hix>on, K.G., Adm. Lonl John Hay, K C.B. 
February 1886. 

Lord George Hamilton, August (1) Adm. Sir Arthur W. Acland 

1886. Hood, K.C.B 

(2) Adm. Sir R. Vesey Hamil- 
ton, K.C.B. 

(3) Adm. Sir Anthony H. Hos- 
kins, K.C.B. 

Earl Spencer, K.G., August (1) Adm. Sir Anthony H. Hos- 
1892. kin.s, K.C.B. 

(2) Adm. Sir Frederick W. 
Richards, K C.B. 

Rt. lion. George J. Goscueu, (1) Adm. Sir Frederick W. 
July 1895. Richards, K.C.B. 

(2) Vice-Adm. Lord Walter 
Kerr, K.C.B. 

The Kail of Selboruo, November Adm. Lord Walter Kerr, K.C.B^ 
1900. 

111. Jhmmss and •JiespfmsidllLtt/, — The mauner in 
which the Admiralty Board conducts the great operations 
under its charge has In'en indicated. It would be imiios- 
aible here to describe it in detail, though something con- 
cerning the civil departments, which are the machinery 
of naval administration, will be found below. It will, 
however, indicate the character of Admiralty administra- 
tion if we ex}>lain to some extent the conditions whi(‘h 
surround the pro]jaration of the estimates and the 
shipbuilding jirogramme, the more so because this matter 
has lieen the battle-ground of critics and supporters of 
the Admiralty. It has already been pointed out that the 
Naval Lords, if they dissent from the estimates that are 
presented, have no remedy but that of protest or resigna- 
tion. Into the (Mintroversies that have arisen as to the 
responsibility of the several' Lords it is unnecessary to- 
enter here. The Admiralty Board possesses, in fact, the 
cliaraeter of a council, and its members can only be held 
responsible for their advice. It has even been contended 
that, in the circumstances, it should not be incumbent 
upon them to sign the navy estimates, and there have 
been instances in which the estimates have been pre- 
sented to Parliament without the signature of certain 
Naval Lords. It is in any case obvious, as has boon ex- 
plained above, that the ultimate responsibility must 
always rest with the First Lord and the Cabinet, by whom 
the policy of the (Jountry is sha^iod and directed. In the 
report of the Hartington Commission to iiapiire into the 
civil and profe.ssional administration of the Naval and 
Military Departments, and the relation of these depart- 
ments to each othtT and to the Treasury, the following 
recommendation occurs : On the First Lord alone should 
rest the responsibility of deciding on the provision to be- 
made for the naval requirements of the empire, and the 
existence of a council should be held in no degree to 
diminish that responsibility.” 

Two conditions primarily rule the determination as to- 
the strength of the navy. They are, the foreign policy of 
the Cabinet, and, on the ground of practical expediency, 
the amount of money available. “The estimates a^ 
strength of thp navy,” said Eear-Admiral Hotham before* 
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the select committee on the naTy estimates, 1888, *<are 
matters for the Cabinet to determine,” “ Exi)onse,” said 
Sir Anthony Qoskins, “governs everything.” The needs 
of the empire and financial considerations, as it is scarcely 
necessary to remark, may prove to be antithetical condi- 
tions governing the same problem, and in practice it 
follows that the Admiralty Board directs its ojierations in 
accordance with the views of the Government, but limited 
by the public funds which are known to bo available. 
Such considerations suggest a practical limitation of re- 
sponsibility, so far as the several Lords of the Admiralty 
are concerned, but it may be presumed to be their duty 
individually or collectively to place their views before the 
First Lord; and Lord George Hamilton told the select 
committee of 1888 that, if his colleagues should represent 
to him that a certain expenditure was indispensable for 
the efficiency of the service, he would recognize that all 
financial considerations should be put on one side. The 
commissioners reported that this was the only common- 
sense view of the matter, and that it was difficult to see on 
what other footing the control of navy expenditure, con- 
sistently with responsibility to Parliament, could be j)]accd. 

Two practical considerations are bound up with the 
shipbuilding programme — the carrying forward of the 
work in hand and the new construction to be begun, since 
it is absolutely necessary that proper provision should be 
made for the employment and distribution of labour in 
the dockyards, and for the purchase of necessary materials. 
Through the direcitor of naval construction and the 
din^ctor of dockyards, the ControHer is kept informed as 
to the progress of work and the amount of labour 
recpiired, as also in regard to the building facilities of the 
yards. These matters, in a general way, must form a 
subj('ct of discussion between the first Naval Loid and the 
Controller, w^ho will report on the subject to the First Lord. 
The accountant-general, as the financial officer of the 
Board, will lie called upon to place the proposed estimates 
upon a financial basis, and when the vie^^s of the Cabinet 
are known as to the amount of money available, the 
several departments charged with the duty of preparing 
the various votes will proceed ’VNith that work. The 
financial basis alluded to is, of course, found in the 
estimates of the previous year, modified by the new 
conditions that arise. There has been in past times a 
haphazard character in our shipbuilding programmes, but 
with the introduction of the Naval Debmce Act of 1 889, 
which looked ahead and was not content with hand-to- 
mouth provision, a better state of things has grown u}>, 
and, with a larger sense of responsibility, a policy char- 
acterized by something of continuity has Ix'on developed. 
Certainly the largest factor in the better state of things 
has been the growth of a strong body of public opinion as 
to the supreme value of the navy for national and im|)erial 
welfare. No Government could have carried forward the 
great ^s ork which has been accomplished for the British 
navy within the last ten years without the impulsion and 
the support of public opinion. 

Another important and related matter that comes 
before the Board of Admiralty is the character and design 
of ships. The naval members of the Board indicate the 
classes and qualities desired, and it is the practice that the 
sketch-design, presented in accordance with the instnictions, 
is fully discussed by the first Naval Lord and the Controller 
and afterwards by the Board. The design then takes 
further shape, and when it has received the^ final sanction 
of the Board it ^nnot be altered without the sanction of 
the same authority. A similar procedure is found in the 
other business of the Admiralty Board, such as shore- 
works, docks, and the preparation of offensive and de- 
fensive plans of warfare — the last being a very important 


matter that falls into the ojjerations of the Naval Intelli- 
gence Department, which luis be4jn descrik'd, though not 
with ^rfect accuracy, and certainly in no large sense, as 
“the brain of the navy.” Tliat department is under the 
direction of the first Naval Lord. 

The shipbuilding programme may be describt‘d as the 
corner-stone of the executive business of the Admiralty, 
because upon it depends very largely the preparation of 
all the other votes relating to numbers, stores, victualling, 
clothing, ifcc. But if the Admiralty Board is ies]»onsible 
through the First Lord for the preparation of the. estimates, 
it is also charged with the business of sui)ervi8ing ex- 
penditure. In this matter the financial secretary jilays a 
large part, and is directed to assist the spending de^iart- 
ment of the Admiralty in their duty of watching the pro- 
gress of their liabilities and disbursements. Some notes 
on Admiralty finance will bo found below (parts iv., vii.). 
The shipbuilding votes set the larger machinery of the 
Admiralty in motion. The executive departments, excei>t 
iu regard to the hulls and machinery of .ships and the 
special requirements of the director of works, do not inako 
purchases of stores, tliat work resting with the diiector of 
navy contracts. Most of the important executive and 
spending branches are in the department of the Controller, 
and it will bo well, while we are dealing with the inalerial 
side of the navy, to describe briefly their character and 
duties. The civil branches of the navy tributary to 
the Controller are those of the director of naval construc- 
tion, the engineer-in-chief, the directors of naval ordnance, 
of dockyards, and of stores, and the inspector of dockyard 
expense accounts. The first duty of the Controller is, as 
has been explained, in relation to the design and con- 
struction of ships and their machinery, and the executive 
officials who have charge of that work are the director of 
naval construction and the engineer-in-chief, whose opera- 
tions are closely inter -related. A vast administrative 
stride has been made in this particular branch of the 
Admiralty, The work of design and construction now go 
forw’ard together, and the Admiiulty designers are in close 
touch with the work in hand at the dockyards — a condi- 
tion which did not exist twenty-five years ago. This has 
been largely brought about by the institution, in 1883, of 
the royal corps of naval constructors, ivhose members 
interchange their duties between the designing of ships at 
the Admiralty and practical work at the dockyards. It 
is through the director of naval construction that many of 
the spending departments are set in motion, since ho is 
responsible both for the design of ships and for their con- 
struction. It deserves to ho noticed, however, ' that a 
certain obscurity exists in regard to the relative duties of 
the director of naval construction and the director of 
dockyards touching constructive w^orks in the yards. 
The former officer has also charge of all the work given 
out to contract, though it is the business of the dock- 
yard officials to certify that the conditions of the con- 
tract have iHjen fulfilled. In all this work the director 
of naval construction collaborates with the eiigineor-in- 
chief, who is an independent officer and not a subordinate, 
and whoso procedure in regard to machinery closely 
resembles that adopted iu the matter of con tract -built 
ships. 

The director of naval ordnance is another oflicer of the 
Controller’s Department whose operations are very closely 
related to the duties of the director of naval construction, 
and the relation is both intimate and sustained, for in the 
Ordnance Department everything that relates to guns, ^in- 
mountings, magazines, torpedo apparatus, electrical fittings 
for guns, and other electrical fittings is centred. A 
singular feature of this branch ot administration is that 
the navy long since lost direct control of ordnance matters, 
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through the duties connected with naval gunnery, formerly 
in the hands of the master-general of the ordnance, and 
tliose of the Board of Ordnance — a department common to 
the sea and land services — ^being vested in 1855 in the 
Secretary of State for war, A more satisfactory state of 
things lias grown up through the appointment of the 
director of naval ordnance, taking the place of the naval 
oflicer who formerly advised the director of artillery at the 
War Office. Expenditure on ordnance has also been 
transferred from the army to the navy estimates, and a 
Naval Ordnance Store Dejiartment has been created. It 
cannot be said that the condition is yet satisfactory, nor 
can it bo until the navy has control of and responsibility 
for its own ordnance. The assistant-director of torpedo<;s 
is an officer instituted at the Admiralty within recent 
years, and his duty is to assist the director of naval 
ordnance in all torix^do matters. 

As to the ojierations of the director of dockyards little 
need bo said here. (See Dockyards.) This officer re- 
placed the surveyor of dockyards in 1885, at about 
which time the inspector of dockyard expense -accounts 
was instituted. It is upon the director of dockyards 
that the responsibility of the Controller devolves in regard 
to the management of dockyards and naval establish- 
ments at home and abroad, and to the |)erfonnance of 
work in these establishments, ship and boat building, 
maintenance, ropiirs, and refits. In this department the 
programme for work in th(» dockyards is prepared, as well 
as certain sections of the navy estimates. 

We now come to the Storeys Department, with the 
director of stores as its chief. This officer, about the year 
1 869, took over the storekeeping duties previously vested 
in the storekeejitir-genoral. The Naval Store Department 
is charged with the custody and issue of naval, as distin- 
guisluid from victualling and ordnance stores, to be used 
in naval dcxjkyards and establishments for the building, 
fitting, and repairing of warships. It has, however, no 
concern with stores that belong to the Department of 
Works. The business of the director of stores is also to 
receive and issue the stores for ships of all classes in 
commission and restirve, and he deals with a vast array of 
objects and materials nocessfiry for the fleet, and with coals 
and coaling. He frames the estimates for his dejiartincnt, 
but his purchases are made through the director of navy 
contracts. In jiractice the main business of the Stores 
Department is to see to the provision of stores for thtj 
navy, and to the jiroper supply of these at all the estab- 
lishmemts, and for this jmrpose its officials direct the 
movements of 8toreslii]>s, and arrange for the despatcli of 
colliers, the director being charged to bo “ curefiil to pro- 
vide for His Majesty’s ships on foreign stations, and for 
the necessary supplies to foreign yards.” Another im- 
portant business of the director of stores is the examina- 
tion of the store accounts of ships as well as some other 
accounts. Although the director of stores is really in the 
department of the CJontroller, ho is suiKsrvised m regard to 
the coaling of the fleet by the junior Naval Lord. The 
inspector of dockyard expense* -accounts has Ijeeii alludeil 
to. He is the officer charged witli keeping a record of 
expenditure at the dockyards and of supervising expense 
accounts. 

IV. The. Math^l of the Kavy — Jieceni Administration, 
— Having now described the administrative system of the 
navy, taking the prejiaration of the shipbuilding pro- 
gramme as an illustr^ition, it will htt well here to recall the 
It 'Cent history of naval administmtion in that regard. 
The shipbuilding programme is the beginning of the 
]>ractical work of administration, because the Government 
liaving shaped its policy and indicated its requirements 
and the possibilities that present themselves, the material 
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elements of naval power are created, and the personal ele- 
ments, with all that concerns the training of officers and 
men, follow according to the necessities implied the 
existence of that materiel. This is not to say that the 
ship is more important than the company who are in her, 
but only that the materiel of the navy constitutes the 
conditions for which the personnel are embodied, organ- 
ized, and trained. It will be obvious from what follows, 
in regard to the shipbuilding programmes of recent years, 
that the development of the fleet, conducted by the 
Admiralty under the authority of the First Lord and the 
Cabinet, has been largely influenced by the voice of public 
opinion. A Government in power has strong inducement 
to keep down expenditure and taxation, and the stimulus 
of a strong body of public opinion ai^pears to be necessary 
in order to insure that the navy shall bo maintained in 
adequate strength. This is a matter which cannot be over- 
looked in any account of naval administration. In the 
spring of 1870 Mr Childers assured Parliament that the 
navy was sufficient for any duty it was likely to Ins called 
on to perform —as did Lord Cardwell for the army. In 
June, when the Franco-German war broke out, ;£2,000,00() 
was voted to put the armed forces in a state of efficiency, 
although the war did not directly affect Great Britain. 

At the time of the Husso-Turkish war great uneasiness- 
was manifested in the United Kingdom as to the sufficiency 
of the navy, and on 25th January 1878 a vote of credit 
of .£6,000,000 was |)assed by the House of Commons to 
enable the Adminilty to make good the deficiency. 

The existing programme was pushed forward, and a 
numlier of ships were liought, but consistent policy was still 
absent from the proceedings. Again, when the estimates of 
1 884-85 were presented uneasiness still existed, and Lord 
Northbrook said in the House of Lords that it would be an 
oxtravjigance to spend £2,000,000 in the construction of 
Jarg(5 ironclads, and that the gn^at difficulty the Admiralty 
would have to contend with, if they were granted 
£.3,000,000 or £4,000,000 for the puri)ose referred to, 
would be to decide how they should spend the money. 
It is true that at the time the minds of naval constructors 
wen* not settled as to the type of vesscjl desirable*, and 
that then* were many fluctuations of opinion in regard to 
naval j)olicy. But at about the same time akrin was 
spreeul by the action of Ilussia upon the Afghan frontiei, 
in relation to w^hat was known as the “ Panjdeh incident,” 
and Lord Northbrook introduced a special shipbuilding 
programme. He explained, in March 1885, that in the 
navy estimates for the year there would be an increase of 
£800,000 for building 8hii)s by contract and carrying (jut 
the ]>rogrammo announced in the previous J)ecemlx*T. In 
addition the navy (‘stimates of the year showed the furtlier 
increase of £700,000, making a total augmentation, ex- 
clusive of supplementary estimates, of about £1,500,000. 
The country had been profoundly moved by the political 
situation abroad, and from that time may bo said to 
date the great exjiansion of the fleet which has fbe Naval 
taken place since the introduction of the Naval Defence 
Defence Act of 1 889. A iiowerful agitation 
was conducted by the press, and at length the necessity 
of a great expenditure was recognized by the Government, 
in the previous year Ijord Charles Beresford, being dis- 
satisfled with the provision made for the navy, had resigned 
his seat at the Admiralty Board, projicsing a programme 
of additional ships which ho considered to be necessary. 
Many articles were contributed to the press, and a meeting 
was convened in the City of London by the Lord Mayor, 
so that pressure was put upon the Government and the 
Admu’alty, and a five years’ programme was introduced hy 
Lord George Hamilton, then First Lord. As a ground of 
decision in regard to the naval strength required, the 
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Admiralty, after the naval manoeuvres of 1888, had 
directed three admirals — Sir William Dowell, Sir R. Vesey 
Hamilton, and Sir F. Richards — to furnish a report. 
They arrived A the following conclusion : “ It will not 
be found practicable to maintain an effective blockade of 
an enemy’s squadrons in strongly fortified ports by keeping 
the main body of the fieet off the port to bo blockaded, 
without the blockading battleships l^ing in the proportion 
of at least five to three to allow a sufficient margin for 
casualties, to which the enemy’s vessels in a secure harbour 
would not be exposed, and the necessary periodical absence 
of a portion of the blockading squadron for the purpose 
of replenishing fuel, making go^ defects, kc, A still 
larger proportion might be necessary if the area to be 
covered by the blockaders was extensive.” It may be said 
that this report was at the base of the Naval Defence 
Act programme and of those which have followed it, and 
it has constantly been appealed to by writers and speakers, 
though it is a question whether recent developments of 
foreign navies do not indicate the necessity of a larger pro- 
portion of British shqis. The Naval Defence Act, 1889, 
52 Viet, cap. 8, being “ an Act to make further provision 
for naval defence and defray the expenses thereof,” marked 
the beginning of a larger conception on the ])art of the 
Government and the Admiralty of the needs of the British 
empire, and it may be said to have formed the practical 
beginning of the existing efficient navy. Ships were in 
existence — the Admiral class, for example -of an earlier 
date, but it is nevertheless true that the vessels put 
in hand under the Naval Defence Act marked a real 
beginning. The preamble of the Act was as follows : “ It 
is expedient that a sum not exceeding £21,000,000 bo 
granted for the purpose of building, arming, equipping, 
and completing for seii vessels of Her Majesty’s navy ; and 
that it is expedient that a sum not exceeding £10,000,000 
be issued out of the consolidated fund in seven years, 
ending the 31st of March 1896; and that a sum not 
oxcee<llng £11,000,000 be issued out of the moneys to be 
j»rovid(Hl by Parliament for the naval service during the 
financial years ending the 31st of March 1894.” A subse- 
<iuent measure supplemented the Act of 1889, and was 
described as the Naval Defence Act 1893, 56 k 57 Viet, 
cap. 45 : “An Act to make further provision for the coni- 
l)letiori .ind equipment of shijis under the Naval Defence 
Act I8S9, and to amend that Act,” and the new provision 
made was for a grant of moneys not exceeding £1,350,000. 
Thi» programme of the Naval Defence Act was for the 
building of ton battleships, of which eight were of the 
first class, and displaced 14,150 tons, while two, which 
were then doscribed as of the second class, but are now 
ranked of the first, were of 10,500 tons. The eight larger 
battleships built under the Act were the Royal Sovereign^ 
Rmprias of India^ //ooef, Ramillies^ Repuhe^ RcBohiiimi^ 
Revtrige^ and Royal Oak^ and the two smaller ships the 
Centurion and Barjleur. These are all ships of high 
freeboard, the larger ones with four 13*5 -inch and the 
smaller with as many 10-inch guns in their barbettes, and 
in the matter of protection they marked a great advance 
upon their predecessors. The Naval Defence Act also 
provid«‘d for the building of nine first-class cruisers — the 
Royal Arthur and the Crescent (7700 tons), and the 
Edgar ^ Endymion^ Gibraltar^ Grafton^ Hawke ^ St. George^ 
and Theseus^ as wdll as thirty-three second-class cruisers. 
The second-class cruisers were to be of 3400 tons, but 
before the programmes could bo carried out the dimensions 
of several of them were inci*eased to 4360 tons. The end 
of the financial year 1894-95 saw the completion of five 
second-class cruisers and four torpedo gunboats, which 
i^ought to an end the work provided for under the Naval 
Defence Act. The vessels were soon completed for sea. 


71 

and most of them were commissioned for the manoeuvres 
of 1895. The limit of five years, which had originally 
been fixed for the completion of these vessels, had been 
somewhat exceeded. 

Meanwhile provision had been made in the x>rogramme 
of 1892-93 for the laying down of the liattleship Renotvn, 
displacing 12,350 tons and lying midway Nmvmipro^ 
between the Royal Sovereign and Centurion grmmmtu, 
classes, as well as for certain destroyers and t^92»i902. 
other torjiedo craft. It was on 23rd Juno 1893, ofi* 
the coast of Tripoli, Syria, that the lamentable cata 
strophe occurred in which the Victoria^ flagship of Hu* 
George Tryon, commander-in-chief in the Mediterranean, 
was lost through collision with the Camperdown. This 
incident, combined with a strong feeling that after th(‘ 
close of the principal work of the Naval Defence Act no 
adequate provision had been made, caused Earl Siicncer, 
then First Lord of the Admiralty, to introduce a new pro- 
gramme. In December 1893 Sir William Harcourt had 
told the House of Commons that the professional advisers 
of the Admiralty — meaning the Naval Lords — were of 
opinion that the navy was in a satisfactory state, and that 
its supremacy was for the moment absolute, and added 
that he would undertake to say that the “ superiority of 
the British navy was never so great as it is now.” It was 
commonly believed that the Naval Lords thereupon resolved 
to resign, but two days later Sir William Harcourt made 
a statement which modified the impression he had given. 
The agitation of that time materially strengthened the 
hands of Lord Spencer, and the programme of 1893-94 
provided for the laying down of two new battleships — the 
Mc^esHc and Magnificent — of 14,900 tons, afterwards 
first and second flagships of the Channel squadron, asw*e11 
as three second-class cruisers — the Talbot^ Eclipse^ and 
Minerva — and two sloops. Two first-class cruisers— -the 
Powerful and Terrible — belong to the same year, and 
after being deferred were given out to contract in 
December 1893. They were the first large vessels (*f 
the British fleet to be provided with water-tube boilers, 
these being of the Belleville type. The shipbuilding pro- 
gramme of 1894-95 included seven battleships, six cruisers 
of the second class, and two sloops. The battleships were 
of the Majestic class, and received the names of Prince 
George^ Victorious^ Coesar^ Hannibal^ Illustrious, Jupiter, 
and (14,900 tons). The second-class cruisers were 

the Venus, Diana, Dido, Isis, Juno, and Doris, dis- 
placing 5600 tons. All these were built by contract, as 
was the case with tw*o of the battleships of that year. 
The shipbuilding work jmt in hand under this }>rogramme 
gave full occupation to the building yards, and the con- 
structive scheme embodied in the estimates of 1895-96 
did not include any battleships. There were four fiist- 
class protected cruisers of 11,000 tons, resembling in 
various ways the Powerful and Royal Arthur classes — 
the Diadem, Andronveda, Europa, and Kiobe — all pro- 
vided with Belleville boilers, and calculated for a speed 
of 20*5 knots; four second-class cruisers of 5750 tons — 
the Arrogant, Furious, Gladiator, and Vindictive ; tw'o 
third-class cruisers of 2135 tons - the Pelorus and Pro- 
serpine \ and tw*enty torj>edo-boat destroyers. The w ork 
j conducted under the programme so far described was 
carried out with great rapidity. The Majestic and Magni- 
ficent, built rcsjHjctivoly at Portsmouth and Chatham, were 
commissioned w’ithin twenty-tw’o and twTnty-four months 
from the laying of the keel, thus surpassing all previous 
records, and the Prince George at Portsmouth •and the 
Victorious at Chatham maintained this rapidity of con- 
struction. Moreover the progress made with these vessels 
did not interfere with the maintenance of the progress 
intended cither on new shipbuilding or in keeping up the 
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flea-going and fighting efficiency of shipfl in reserve or 
commission. Good progress was also attained with the 
remaining five ships of tho Majestic class, though in subse- 
quent years, owing to strikes in tho engineering trade and 
some other circumstances, the work was much iinjKided. 
Tho programme of 1896-97 included five battleships, of 
which three —the Goliath^ Canopus^ and Ocean — were 
built in the dockyards, and two — the Albion and Glory 
—by contract on the Thames and the Clyde. They 
are of a new class, dis]ilacing 12,950 tons, standing mid- 
way between the Renown and the Majestic, The pro- 
gramme also included four first-class protected cruisers of 
the Diadeni class (11,000 tons) — the SpaHiate^ Argonaut^ 
Amphitrite^ and Ariadne; three second-class cruisers of 
5600 tons — the Hermes^ Highjlyei\ and IIyaxnnth\ six 
third-class cruisers of 2135 tons— the Pomone^ Promethens^ 
PegafObs^ Pyranim^ Pactolus^ and Perseus; and twenty- 
eight torpedo-boat destroyers. Of the first-class cruisers, 
tho Spartiate was laid down at Pembroke, and the others 
in private yards. The vessels under construction during 
this year comprised thirteen l)attleships, ten first-class 
cruisers, sixteen second-class cruisers, seven third-class 
cruisers, and a number of destroyers ; and the expenditure 
involved considerably exceeded that incurred in any 
firovious financial year, and the numbers and type of the 
new ships laid down were exceptional. Tho progress 
made was in many ways good, the Mars and Jupiter^ for 
example, being delivered by the contractors five months 
within tho contmet date. Some of tho ships were, how- 
ever, greatly retarded by the dispute in the engineering 
trade. The Caesar^ Illustrious^ and Hannibal were de- 
layed, and some of the ships of the Canopus class, though 
ni.pidly pushed forward until the engineering dispute 
l)egan, were, owing to the non -delivery of structural 
porticjns, much retarded. Progress with certain of the 
cruisers was also im|)edod. In the shipbuilding pro- 
gramme of 1897-98 four battleships were included — ^tho 
Vengeance^ of the Catwpus class, built at Barrow, and the 
Formidable^ Imphmible^ and Irresistible {Majesties with 
some improvements), constructed in the dockyards. Tho 
]>rograinmo also included three third-class cruisers, two 
sloops, four gunboats, two torpedo-boat destroyers, and 
a new royal yacht, which was built at Pembroke. In 
addition, Mr Ooschon, then First Lord, announced in 
July 1897 that in consequence of tho proposed additions 
to the navies of foreign Powers, he had received an 
additional sum of X500,000 from tho chancellor of tho 
exche(|uer, wherewith it was proposed to begin the con- 
stniction of four armoured cruisers of an entirely new 
design, which, it was said, would bo capable both of 
commerce [irotection and of taking their place in the line 
of battle, Thi'se wens the Cressy and Abo'ukir, built at 
Glasgow, the Hogm at Barrow, and tho t^xUlej at Clyde- 
bank — all displacing 12,000 tons. This extensive pro- 
gramme was very seriously affected by the prolonged 
labour disputes, which lasted from July 1897 until 
February 1898, and Mr Goschen coiife8sc.d that tho Board 
was unable to foresee the t^xact amount by which the 
anticipated expenditure on new constructions would fall 
short. Tho difficulties arising from the labour dispute 
affected tho production of machinery, gun -mountings, 
armour, and almost every important class of material, and 
in the dockyards the work was delayed by the inability of 
the contractors to deliver tho material they had under- 
taken to sujiply. The commencement of the armoured 
cruisers was also delayed by the introduction and trial of 
new types of 12-inch and 6-inch guns. Nevertheless tho 
estimates of 1898-99 proposed to build three battleships 
of 15,000 tons and of the Formidable class — tho LondUm., 
Venerable^ and Btdtoark ; and to put in hand also two 
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armoured cruisers of the Cressy class — ^the Euryalus and 
Ba4schamte; and two others — the Dralce and King Alfred — 
of a still larger type, displacing 14,100 tjpns, as well as 
four sloops. The year 1898-99 was also marked by the 
introduction of a supplementary shipbuilding programme. 
It was explained by the First Lord, in July 1898, that tho 
programme at first presented was considered adequate at 
the time, and was based on tho principle that the British 
navy must be equal in number, but superior in power, to 
the fleets of any two countries. Mr Goschen stated that 
it was impossible to conceal the fact that the action of 
Bussia, and tho programme on which she had entered, was 
the cause of this further strengthening tho fleet. Mr 
Goschoii’s explanation was enforced in these words : 
“ What, then, is our position ? Wo know of six Bussian 
battleships to be laid down this year, including one already 
begun. We have now verified where those six ships are 
to be built. Of those I took two into account in my 
original estimate, so that tho balance against us was four. 
Accordingly, I must ask the House to sanction four battle- 
ships beyond my original estimate. The new Bussian 
programme also provides for four cruisers from the com- 
mencement of this year, and we propose to commence an 
equal number — that is to say, four cruisers in addition 
to those provided for already.’* The supplementary pro- 
gramme, therefore, provided for the laying down of four 
battleships and four armoured cruisers, as well as twelve 
destroyers, and tho total liability involved was about 
X8, 000,000, to be spread over about three and a half 
years. The four now battleships were the Duraxin^ Cornr 
toallis^ Exmouth^ and Russell^ all built by contract, dis- 
placing 14,000 tons, and intermediate in size between the 
Formidable and Canopus classes with superior sjjoed and 
thinner armour, tho latter Infing due to improved processes 
of steel- production. Tho armoured cruisers were the 
Leviathan and Good ILgte^ both of the Dmke class (14,100 
tons), and the Bedf(yrd and Monmouth of a smaller type 
(9800 tons). Shipbuilding progress was still impeded, 
work being much disarranged owing to the unprecedented 
activity in mercantile shipbuilding which followed the 
labour dispute, and serious delay resulted from tho in- 
ability of the shipbuilding contractors to procure the 
necessary materials. The ships could not thus be laid 
down nor carried forward so advantageously as had been 
honied, and further delay occurred owing to the intro- 
duction of the Krupp process of armour, which made 
necessary the reconstruction of steel-producing plant. The 
programme of 1899-1900 included two other battleships — 
the Mofntague and Albemarle (14,000 tons) — of the Duncan 
class, and two armoured cruisers — the Kent and Essex 
(9800 tons) — of the Bedford class, all to be built in the 
dockyards, as well as three smaller cruisers, two sloops, 
and two first-class tor|)edo boats. Once more it proved 
that abnoniial activity in shipbuilding and DeUtysin 
engineering seriously affected building progress, construe- 
and checked expenditure on ships, machinery, 
and armour. Delay in the delivery of material, difficulties 
in securing adequati) numliers of workmen, and other cir- 
cumstances caused the aggregate earnings on contract 
work to fall short of the estimated amount by about 
jBI, 400,000, although the estimate had been calculated 
on the basis of actual earnings in past years of ships 
of similar character, and on close investigation of the 
possible output of armour. Progress in the dockyards 
was also impeded, and was further affected by the fact 
that a large number of the ships were designed for ex- 
ceptionally high speed, and were therefore to be provided 
with propelling machinery of great power. The ship- 
building programme of 1900-1 included two battleships — 
tho Queen and Prince of Wales ; six first-class armoured 
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cruisers — ^the Cornwall^ Suffolk^ Cumherlafid^ Lancaster^ 
Donegal^ and Berwick; one second-class cruiser (an im- 
proved Heimie$\ two sloops, two light-draught gunboats, 
and two torpedo boats. The programme of 1901-2 in- 
cluded three battleships, six armoured cruisers, two third- 
class cruisers, ten destroyers, five torpedo boats, two sloo]»s, 
and five submarine Imts. Shortly after the estimates 
were presented the Admiralty Boiler Committee made an 
interim report, in which the Belleville boiler was con- 
demned, and a trial of other water-tube types recom- 
mended. 

It may be useful to add a note concerning the spending 
of the money. Within the Controller’s Department, as has 
been ex 2 )lained, are centred the more imj^ortant 
spending branches of the Admiralty. While the* 
work of designing ships and jireparing plans is in 
progress, the director of stores, the director of dockyanls, 
and other officials of that de|)artment concerned are 
making prei)aration for the work. The necessary stores, 
comi)rising almost every imaginable class of materials, are 
brought together, and the director of stores is Bjiccially 
charged to obtain accurate information in regard to re(|uire- 
ments. lie is not, however, a purchasing officer, that work 
being undertaken by the director of navy contracts, who is 
eoiicerned with the whole business of supjjly, except in 
regard to hulls and machinery of ships built by contract, 
and the special requirements of the director of works. 
At the same tune, the civil departments of the Adnnialty 
Ixnng held responsible for the administration of the votes 
they compile, it is their duty to wat(4i the outlay of money, 
and to sec that it is well expended, the accountuiit- 
geiKTal being directed to assist them in this work. The 
system is closely jointed and well administered, but it 
possesses a very centralized character, which interferes to 
some extent with flexible working, and with the progress 
of necessary rejiairs, esi>ecially in foreign yards. In so 
far as ships given out to contract are concerned (and the 
.same is the case in regard to projielling machinery built 
by contract), the director of navy contracts jilays no part, 
the ]irofessional busine.ss b(‘ing conducted through the 
Controller of the navy, who is advi.sed thereon by the 
director of naval construction and the engineer -in-chief. 
The work conducted in private establishments is closely 
watched by the Admiralty officials, and is thoroughly 
tested, but, mutaiis mutavdis^ the system in regard to 
contract-built ships is practically the same as that which 
prevails in the dockyards. 

V. Personnel , — No work of the Admiralty is more 
imjiortant than the supjily of trained officers and men to 
the fle(‘t. The provision of these in adeejuate number, the 
organization of the training service, the constitution of 
the reserve, and many other questions connected with the 
pay, promotion, and retirement of officers and men 
impose a great duty upon the Admiralty Board. The 
work mainly lies in the province of the second Naval Lord, 
who has charge of the work of manning the fleet, and 
educating and training the personnel, together with the 
aflairs of the? royal marine light infantry and the royal 
marine artillery. Within his purview are all training 
establishments, including those for engineer students, the 
naval colleges, and the royal marine schools. The First 
Lord of the Admiralty has spt'cial charge of promotions 
and removals of naval and marine officers to or from the 
service, and of the appointments of flag officers, captains, 
all officers to command shijis, commanders to the coast- 
guard, superior officers to the medical service, staff 
appointments to the royal marines, and civil aj)point- 
ments and promotions, excej)! where these fall under the 
Controller and the Civil Lord. The first Naval Lord 
appoints commanders (second in command), and the 
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second Naval Lord navigating officers and lieutenants, sub- 
lieutenants, midshipmen, cadets, engineer officers, and 
others, while the appointment of chaplains, naval in- 
structors, junior medical officers, paymasters, and other 
officers of the accountant branch falls to the junior Naval 
Lord. The incrt?asc of the materiel of the fleet has led to 
large additions being made to the numbers of officers and 
men, and the conditions of service have lx.*en in some 
ways modified. The general regulations are published in 
the Quarterly Navy List^ so that it is unnecessary to refer 
to them here. The great scarcity of lieutenants caused 
the Admiralty, in the year 1895, to institute a supple- 
mentary list of naval lieutenants and suli-lieutenants, who 
were appointed under special conditions from the mercan- 
tile marine, and are not promoted beyond the rsiiik of 
lieutenant unless for distinguished st»rvice, but are retired at 
forty-five years of age. Changes have also been introduced 
in the conditions and service of the royal naval reserve, 
and it may be said that the system of training is still 
under trial and that it is not yet definitely I'stablished. 
i The number of officers, seamen, boys, coastguard, and 
loyal marines borne on the books of His Majesty’s shi2)s 
and at the royal marine divisions are fixed yearly by 
vote A of the navy estimates. The following table shows 
the annual increase in the miinber in these ranks and 
ratings during the ten years 1 890-1 900 : — 



Total Numl>ar 

111 crease 

Year 

iMiriie at cud 

dui int; 


of Vuar 

Year. 

1890-91 

67,748 

1764 

1891 92 

71,423 

3676 

1892-93 

74,420 

77,976 

2997 

1893-94 

3556 

1894.9r> 

83,117 

5141 

1895-90 

88,674 

5557 

1890-97 

94,376 

5702 

1897-98 

100,052 

6676 

1898-99 

. 106,002 
. 111,019 

5950 

1899-1900 . 

5017 


The total force voted for the year 1900-1 w\as 
114,880, being an addition of 220 officers, 3050 petty 
officers and .seamen, 150 engine-room staff, 200 miscel- 
laneous ratings, 300 marines, and 320 a})preutices (artisan 
ratings), making in all an addition of 4240. A further 
increase of 3745 was authorized in the next year. The 
number of officers is lieiiig increased under a scheme 
extended gradually over a certain numlier of years, and it 
was announced in 1 899 that the flag oflicers would be in- 
creased from 68 to 80, the cajitains from 208 to 245, the 
commanders from 304 to 360, and the lieutenants from 
1150 to 1550. Increases were also instructed to be made 
in the other branches of the service. The additions made 
to the materiel of the navy had outrun the provision made 
for the supply of officers, and the list of sujiplementary 
lieutenants was inerea.sed to tide over the interval Avhieh 
would elapse liefore a sufficient supply of executive officers 
trained up in the service could bo jiroduced in the ordinary 
course, it lx?ing easier to build ships than to tram those 
required to man theiii. 

Except for the list of supplementary lieutenants and 
sub- lieutenants which has been referred to, all ext'cutive 
officers of the navy enter as cadets upon tin* noiuiiiation 
of the First Lord of the Admiralty (who also riorninuteM 
assistant clerks for the accountant branch) and art* trained 
in the naval establishment now located in the Britannia 
at Dartmouth, wffiich is about to be transferred to a buiJtl- 
ing ashore. A few nominations are given to the sons 
of colonial gentlemen and of naval and military officers 
for special reasons of service, and in jiarticular cases a 
few youths are entered from the Worcester and Contmy 
training-ships of the mercantile marine. Latterly, a new 
arrangement as regards the entry and training of cadets 
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has been instituted, and came into force in the year 
1897-98. The result is gradually to raise the age for 
entering by one year, and to shorten the course of in- 
struction in the Jirilannia to about sixteen mouths, and 
cadets are now entered three times a year instead of twice. 
The ctTect of this change is that about 190 cadets jmss 
through the Britmnwi yearly instead of 1 25, as was the 
ease formerly, ami that 170 Bub-lieuteiiiWits will be ulti- 
mately produced annually instead of IIG. The question 
of a limited comptitilion as compansd wjth an open one 
has been much discu.ssi»d. It has been argued tliat it is 
anomalous to have opt*n competition for some branches 
and limited conqietition for others, and that the exercise 
of the right of nomination by the First Lord is liable to 
be influenced by political considerations.^ After i^assing 
a certain time afloat, or in the case of the most successful 
boys at the date of their leaving the JiriUinrua, the cadets 
are ajqiointed midshijirneii, and ujKm gaining the age of 
nuKiteeri and completing three and a half years’ service 
afloat as midHliij>men, they may pass for sub- lieutenants, 
the examination being in seamanship, navigation, torpedo, 
gunnery, and pilotage. As an acting sub -lieutenant the 
young officer proceeds to the Hoyal Naval College, Green- 
wich, where his navigation ami pilotage examination takes 
j>laoe, and ho th(in jiasses to the gunnery and torix^do estal)- 
lishments at Portsmoiitli, where uiion jiassing the exaiiiitia- 
tioa he is confirmed in the rank of sub-1 icutenaut. Pro- 
motion to lieutenant depends upon the class of 
r/o/rice^ certificates obtained at these examinations. Thus, 

* five first-class certificates and promotion -marks 
sociire tlie promotion of the sub lieutenant after six months 
from the date of semiority in that grade, five ordinary first- 
class certificates after twtjlvc months, and so on down to 
twenty-seven months as sub-lieutenant, after which promo- 
tion IS only by seniority. The duties of a lieutenant afloat 
are many and various, and include the charge of watches 
and of a division of men, with drill at the guns. A certain 
number of lieutenants sjiecially qualify in guiiiuTy, torpedo, 
and navigation, and are a])pointed to shijis to act in the 
cajiacity of specialists in these matters. Above the rank 
of lieutenant promotion is by selection, twice a year, 
according to the needs of the service, a certain number of 
lieu tenants Ixsing promoted to the rank of commander. 
Lii'uteiiants are also jnomoted to commander from the 
royal yacht and for distinguished service. IWore this 
time, however, a separation of duties may have occurred, 
for it is open to a certain numbi'r of lieutenants, under 
particular conditions, to be transferred to the coastguanl, 
an»l to fon^go further chances of jiromotion. Cajitains arc 
j)roinoted by selectiim from the commanders’ list, and 
captains, like officers of every oth(?r branch, arc retired 
under tln^ limit of age applicable to tlujir rank. Their 
promotion to flag rank is by seniority, and depends upon 
the vacancies arising in the rear-ad luirars list. In the 
same way rear-admirals rise to vice-admirals and admirals 
by seniority, but are promoted ‘‘admirals of the fleet” by 
selection. 

The position and pay uf officers of the engineer branch 
has steadily improved during recent years. They enter 
between the ages of fourteen and seventeen, mostly by 
competitive examination, though a few nominations 
remain with the Admiralty. The course at the Hoyal 
Naval Engineers’ College at Keyham is of four or five 
years. The most successful students at the final examina- 
tions go to the Royal Naval (kdlege, Greenwich, for a 
further course, and the most successful of these may 
Im 5 appointed to the royal corps of naval constructors. 
The less successful students are appointed probationary 

appendix to the Life qf AdmiraZ Lord C. who was for 

six years parliamentary secretary of the Admiralty. 


assistant engineers, and are confirmed in the rank after 
a period of service. Assistant engineers may for 
engineers after three years' service, and /ire eligible for 
promotion after five years’ service. Promotion to chief 
engineer is by seniority as vacancies occur, and further 
promotion to inspector of machinery is by selection, and 
to chief inspector of machinery by seniority, these last tw'o 
ranks being for officers appointed to various establishments 
at home and abroad. 

The entry of accountant officers is like that of cadets, 
by nomination and limited competition, and under recent 
regulations the entry is made between the ages of seven- 
teen and eighteen. The successful candidates are assist- 
ant clerks, passing after twelve months as clerks, and at 
the age of twenty-one, u)>on examination, become assistant 
paymasters. Promotion to paymaster is by seniority, and 
by qualifying time affoat there is promotion to staff-pay- 
master, and fleet -paymaster. Admirals’ secretaries are 
selected from the ranks of assistant paymasters and pay- 
masters. 

Officers of the medical branch must be qualified under 
the Medical Act, and upon examination the candidates are 
appointed surgeons in the royal navy, and are specially 
trained at Ilaslar Hosjiital. After twelve years’ full-pay 
service surgeons are advanced to the rank of staff -surgeons, 
and after a further period the rank of fleet-surgeon is 
gained. Th(* deputy inspector-general is selected from 
the fleet - surgeons’ list, and the inspector - general of 
hospitals and fleets from among the deputy -inspectors. 

Chaplains are appoiTited to the fleet by the Admiralty 
after examination. Tht^y must have been ordained deac‘.ons 
or priests in the Church of England, or be of the same orders 
“ by the lawful authority of one of the churches within the 
realm of Great Britain and Ireland which are in communion 
with the Church of England.” In addition to his clerical 
duties the chaplain may act as naval instructor, but there 
is a special branch of naval instructors w^ho are found 
qualifieil after attaining at least a “ senior optime ” at 
Cambridge, a second class in the final mathematical 
schools at Oxford, or junior moderator in pure or mixed 
mathematics at Dublin. These officers are further trained 
at Greenwich, and it is only after passing a qualifying 
examination that diaplaiiis can also undertake the duties 
of naval instructors. 

The royal naval reserve is an extremely popular force 
composed of ofllcers (and others) of the mercantile marine 
- -lieutenants, sub- lieutenants, senior engineers, and 
engineers, assistant engineiTs, and midshipmen. These 
officers are entered by the Admiralty upon certification by 
the Board of Trade, under regulations which are found in 
the Qmirterlt/ j\avt/ Lint, Many of thepi undergo twelve 
months’ training in ships of the fleet, and all those on the 
active list are recjiiired to drill on board one of the royal 
naval reserve? drill -ships for a certain number of days 
yearly. The number of those on the list who had served 
or were serving was 267 in April 1900. Vacancies for 
executive ofllcers of the reserve are filled us soon as 
they occur, and many qualified candidates present them- 
selves for every vacancy. In 1898-99 provision w’as 
made for increasing the executive officers’ list by 100, 
ami the establishment of engineer officers of the royal 
naval reserve has l>een fixed at 400. The fleet reserve 
is a new organization devised to secure the ri'tention of 
time-expired men on a system analogous to that of the 
army reserve. 

The royal marines (y.v.), including the royal marine 
artillery ami the royal marine light infantry, the former 
with tlieir het^dijuarters at Eastney, and the latter with 
their divisions at Chatham, Portsmouth, and Plymouth, 
are an extremely fine body of men, who serve alternately 
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afloat and ashore. Candidates for commissions enter 
through the Civil Service Commissioners’ examination at 
the Royal Military Academy at Woolwich, and upon 
passing out as second lieutenants the ofliccrs proceed to 
the Royal Naval College, Greenwich, after which there is 
training at the gunnery establishment at Portsmouth. In 
the case of the light infantry the training is similar, 
though there are some differences in procedure. A marine 
officer on board ship is in command of all marines in their 
distinct duty as such, but he cannot assume any naval 
command whatever, unless ordered to do so by the senior 
naval officer. 

Details in regard to qualifications, pay, emoluments, 
and duticjs, may be found in the Admiralty ImtrwctionB 
and the Qiiarterly Navy List, 

We may now turn from the officers to the men. Boys 
are entered in the training-ships between 14^ and 16f years 
of age, and they undergo a course of instruction 
to qualify them for seamen, having on entry signed 
an agrocmeut to serve for twelve years from the age of 18, 
after w'hich they can claim their discharge. When the 
course of training in the training-ships and brigs is suffi- 
ciently advanced the boys jirocoed on active service. Many 
boys are periodically drafted to the ships of the Channel 
squadron, and there become ordinary seamen. The next 
rating to which men rise by service and good conduct is 
that of able seamen, and the various ratings of petty 
officers to that of chief petty officer follow. A certain 
proportion of men may lH.‘come warrant officers (gunners, 
boatswains, ckc.), a most valuable class of men, and these 
may rise to commissioned rank in the case of special 
gallantry against the enemy. Pensions are granted at 
the ago of forty to seamen who have served for twenty-two 
years from the age of eighteen, according to conduct, ability, 
and advantage. Stokers arc entered direct from the 
shore, servo some time in the steam reserve to be taught 
tlicir drill and learn the discipline of the service, and 
go out on steam trials before being sent to a sea- 
going ship. Like the seamen they can rise from 
petty officer to warrant officer, a rank which gives 
a ])ension to the widow. The artificer class, which 
comprises blacksmiths, armourers, iffumbers, carpenters, 
»fee., have to pass an examination in their trade before 
being sent to sea-going ships. As is the case with officers, 
there may come a time when the petty officer may 
think it desirable to join the coastguard, which givc\s 
him duties on shore, but places him only in the rank of 
able seaman, while his gunnery and torjiedo imy are 
stopped. 

Allusion has been made to the officers of the royal 
marine forces. The men are enlisted for twelve years, 
and the service may lie extended to twenty-one years. 
The recruit receives his first training at the dep6t at 
Walnier and may volunteer for the artillery branch in 
which the pay is better, and bo transferred to it upon 
fulfilling the conditions. His duties ashore are those of a 
soldier, but when the time comes he is drafted for service 
afloat, and his duties then are in many respects analogous 
to those of the seamen. The royal marines, both of the 
artillery and light infantry branches, are an extremely 
fine body of men who have never failed to do good service 
when called upon, and the force has been largely in- 
creased within recent years. The average height of the 
men on entry has lately ranged from 5 feet 7^ inches to 
5 feet 8 inches for the royal marine artillery, and from 
o foet 5^ inches to 5 foot 6 inches for the royal 
marine light infantry. The numbers of the corps are 
being steadily increased, and in the year 1901-2 
^re was a further addition to the force of 1000 men. 
The marines — ^their barracks, drill, and books — are in- 
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spected by the deputy adjutant-general of royal marines, 
and their discipline is entirely under him, nor can they 
be sent away from their headquarters except by orders 
from the Admiralty. For garrison and field duties tli(‘y 
are, when their naval duties so permit, under the general 
commanding the forces at their headqnartfu's. 

In the year 1899, at the commencement of the South 
African war, the masted training squadron which had been 
employed for the traiuing of the boys of tho sea- 
men class, as well as of young officers, was ro- 
]i1aced by a squadron composed of modern cruisers. ’J'his 
circumstance led to a discussion concerning the right system 
of training boys for service afloat. The question had been 
debated before, but in Juno 1900 Mr J. K. Thursfield read a 
])a|jer upon the subject before the Royal United Service In- 
stitution, which was followed by an important discussion. 
The argument of the lecturer was that, though masted 
shijis are no longer used in the navy, the training or 
discipline of masts and sails was well ada])ted to educe 
those qualities of alertness, readiness, quickness of eye, 
and rapidity of decision wliich are universally thought 
essential in seamon. On the other hand, a large number 
of naval officers \vere of opinion that the sysUnn imjfficd 
by tho existence of the small training squadron of masted 
vessels had given anything but satisfactory results. One 
after another various admirals who had lately commanded 
fleets, or who were then in command, testified to the need 
of some system of training which would restore the tyjie 
of officer and seaman which they affirmed to be disappear- 
ing. The majority of these were of the opinion that no 
mere resuscitation of a training ship squadron of four- 
masted vessels would remedy tho evil, while some 
ridiculed tho idea of attempting to revive w'hat they 
looked upon as dead and buried. It was very noteworthy, 
on the otlier hand, that some young officers appeared as 
stout advocates of the old system of training. In short, 
tho discussion revealed the existence of two schools of 
thought on this important matter, and on cither side 
were ranged officers of equal rank and exj^ierience. There 
was a consensus of opinion that something W'as needed 
for the training of the fleet, but a wide divergence of view 
>vas revealed as to what that something should bo. It 
may be worth while to remark that the men of the naval 
brigade on the Benin expedition under Sir Harry Kawson, 
and those lately employed in South Africa, and China, 
showed no deterioration in the characteristic handiness of 
the seaman. 

VI. Mohilizativii of the Fleet , — By the mobilization of 
tho fleet is meant the placing of naval resources upon a 
war footing, in readiness in all material and personal 
respects for hostile oiierations. It is obvious that this 
is the real crown and completion of the work of the 
Admiralty Board, and that there can be no department or 
branch which is not in some way concerned in it. The 
work of mobilization falls chiefly within the province of 
the first Naval Lord, and the mobilization branch of the 
Naval Intelligence Department is his agency. The essence 
of the work of that branch is described as “ preparation 
for war,” and it is (loncerned with the jireparatioii of plans 
for organization, basing much of its work upon the in- 
formation gained by the Foreign Intelligence Branch. 
The Naval Intelligence Department is a consultative office 
in tho department of the first Naval Lord. But of course 
the second Naval Lord, who is chiefly concerned Avith the 
manning of tho fleet, including the coastguard mid the 
royal naval reserve, has a very large share in the duties 
of mobilization. The same may be said of the Additional 
Naval Lord and Controller, Avho is charged Avith all that 
concerns tho materiel of the fleet, and again of the junior 
Naval Lord, whose duties are largely in tho matters of 
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transport and auxiliary services. A large amount of infor- 
mation concerning mobilization — as indeed concerning all 
other naval subjects — will be found in The British Fleets 
by Commander Charles N. llobinson, R.N., from which 
some of the following notes are taken. He remarks that 
mobilization is the point to which everything naval tends. 
It is the duty of the Admiralty to provide ships in 
efficient condition, with ammunition, coal, stores, and 
supplies, complete in every material resiject — this implying 
of course adcijuate naval l3ases and coaling stations — and 
the mobilization of the j)ersonnel is the bringing of every 
man in due time to the ship and the duties for which he 
is appointed. The mobilization for the naval manoeuvres 
is only a ])artial operation, for a complete mobilization 
would dislocate our sea-faring life in a manner that would 
be Justifiable only by actual war. Thus, the auxiliary 
cruisers of the mercantile marine are not mobilized, nor 
the pensioners, nor the men of the royal naval reserve, 
though large numbers of the latter are, of course, afloat 
during the inamjeuvres. 

The Admiralty is the central authority which sets the 
operation of mobilization in motion, but the duties in- 
volved fall to the naval commanders-in-chief at the ports 
and to the admiral superintendent of naval reserves. 
“These high and important functionaries are collectively 
as the brain of the maritime body in direct communication, 
through various active sub-centres, with its outermost 
limits. From tlnun emanate the instructions which give 
effi*ct to th(i order to mobilize.” Th(* first step is to 
complete in any details the complements of the ships 
actually in commission, and in practice young ofticers 
from Greenwich and other training (\sUbiishmGiits are 
attached to them. By a recent arrangement, however, 
the reserve squadron, consisting of the coastguard and the 
portguard ships at the various ])orts, is maintained with 
complete eompleiiicnts, and a.ssembles ])eriodically for 
training. The ordcT to mobilize sets in motion many 
officers and m<m of the eoa.stguard, and opens the gang- 
ways and doors of the training establishments, depbts, 
barrack, and harbour ships. From these come the seamen, 
gunners, torpedo men, signalmen, and stokers, who have 
been undergoing special courses, as well as the boys from 
the training ship.s, the men who have had charge of 
machinery of ships in reserve, and, indeed, all classes of 
men required for ships commissioned, who are effective at 
the various quarters. 

The arrangements made are admirably conqdete, and 
every man as he leaves his ship or depot is provided with 
a card indicating his shi]), station, and duties, so that he 
knows exactly where he is to go and what to do, and he 
falls into the plan preci.sely in the place which the careful 
paper scheme has jirovidinl for him. In this way the 
ships in the first division of the fli*et reserve are provided 
with complements. These an? the .shij>s lying at the 
dockyards in ev(‘ry re.sj)ect complete t‘xcept for their crews, 
officer.s, stores, and ammunition. Meanwhile, the various 
victualling and store <lt*partments have b(»cn actively 
engaged in supplying every detail necessary for tht* ships, 
whose complements are comiileted by the embarkation of 
noil-continuous .service mmi, such as stewards and cfioks. 
This is the point at which the annual mobilization 
generally stops short. But in case of hostilities it would, 
ot course, go much further. Th(*n the superintendent of 
naval reserves would lie charged with the duty of supply- 
ing successive contingents of iinui to the naval ports to 
take the place of those sent afloat, these contingents to 
embark in their turn in the shqis brought forward for 
commission, and to b«‘ succeeded again by others, according 
as the need aro.se. This work would begin from the head- 
quarters of the coastguard divisions at Harwich, Hull, 
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Queensferry, Greenock, Kingstown, Limerick, Holyhead, 
Portland, and Southampton. The officers and men of the 
coastguard would go afloat comparatively early in the 
ojierations, and, in fact, a number of them go to sea 
annually during the manoeuvres. Meanwhile, the officers 
and men of the royal naval reserve and the pensioners 
would have been set in motion to their respective drill-ships 
and barracks, and having been embodied would be con- 
verged upon the special naval jiorts where their services 
were required. In this way the shijis in other classes of 
the rt'serve would receive their complements, as well as the 
auxiliary cruisers taken up from the merchant marine. As 
Commander Kobinso*n remarks : “ It is impossible to say 
where, in a great national crisis, the mobilization of men 
would end ; for all the sea-faring manhood of our island.s, 
all our artisan pojmlation — boilermakers, engine-fitters, 
electricians, engineers, carjienters, and a host of others, 
would render their best in the empire’s need.” The work 
would not end with the provision of complements for 
the ships, and a hundred other considerations would 
occupy the mobilizing authorities. They would be 
engaged in |>assing men thrriugh thi* special training 
ships to form the eventual complements of ships, or to 
replace those killed in action, and they would also have 
to supply efficient men for the signalling stations and for 
other duties. 

A word has been said about the material requirements 
of the fleet ujkui mobilization. These are largely centred 
in the branches of the director of stores and the director 
of victualling. The bltmer is concerned with the supply 
of a vast array of objects and nece.ssaries, including coal, 
boats, oil, ropc', candles, paint, varnish, and a host of other 
things. Adequate supplies are kejit at the depdts, and 
the work of replenishment in case of mobilization would 
go forward steadily. The director of victualling being 
responsible under the junior Naval Lord for regulating 
the proi^er supply, care, and preservation of all victualling 
and clothing .stores for the fleet, including mess-traps and 
seamen’s uten.sils, and having charge of the victualling 
yards and dep6ts, maintains constantly adequate quantities 
at the various stations ; and it may be u.seful to say that 
the chief victualling yard at home is that at Deptford, 
the others being at Portsmouth and Devonport, with a 
smaller establishment at Haulbowlino (Queenstown), while 
there are de}>5ts abroad at Gibraltar, Malta, Halifax, 
Bermuda, Jamaica, the Cajic of Good Hojie, Trin- 
comalee, Hong - Kong, £.squimalt, Bombay, Ascension, 
Coijuimbo, and Sydney. All these, of course, are sup- 
j)lied with a great tjuantity of stores that would play a 
most important jnirt during a complete mobilization of 
the fleet. 

VII. Naval Finance : TIve Acecmntant’GeneraVs Depart- 
menu — ^The subject of naval finance is one of great com- 
plexity and of vast importance. The large sums of 
money with which the Admiralty deals both in the way of 
estimates and expenditure, amounting recently to about 
^£30,000,000 annually, implies the existence of the 
great organization which is found in the department of 
the accountant-general of the navy. Under the authority 
of the First Lord, the iiarliamentary and financial 
secretary is responsible for the finance of the Admiralty in 
general, and for the estimates and the ex])enditure, the 
accounts and the purchases, and for all matters which 
concern the relations of the Admiralty to the Treasury and 
to other departments of the Government ; and in all the 
practical and advisory work the accountant-general is his 
officer, acting as his assistant, with the director of naval 
contracts who, .under the several Lords, is concerned with 
the business of purchase. 

The organization of the accountant-general’s department 
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has undergone many changos, and the resulting condition 
is the outcome of various modifications which have had 
for their purpose to give to this officer a measure of 
financial control. There have been various views as to 
what the duties of the accountant-general should be. 
After the reorganization of the Admiralty by Sir James 
Graham in 1832, the accountant-general was regarded as a 
recording and accounting officer, wholly concerned with 
receipt and expenditure. His duties w^ere limited to the 
auditing of accounts, payments, and expenditure generally. 
Owing to changes effected in 1869, which made the 
parliamentary secretary, assisted by the Civil Lord, 
responsible for finance at the Admiralty, bringing the 
naval and victualling store dc^iartments into his charge, 
the accountant-general was invested with the power of 
criticizing these accounts financially, though he did not as 
yet possess any financial control, and the position was 
little changed by fresh rules made in 1876. It was not 
until 1880 that the jKJwers of the accountant-general were 
enlarged in this direction. It was then ordered that he 
should be consulted iHjforc any expenditure which the esti- 
mates had not provided for was incurnul^ and before any 
money voted was applied to other purposes than those for 
which it was provided. The effect of this order was not 
happy, for the accountant-general could not undertake 
these duties without setting u]) friction with the depart- 
ments whos«^ accounts he criticized. It was contemplated 
by the Admiralty in 1885 to make the accountant-general 
the assistant of the financial secretary, and to raise him to 
the position of a permanent officer of«linance instead of being 
an officer of account invested with imptirfect authority in 
the direction of control. A select committee of the House 
of Commons reported that the accountant - general 
possessed no financial control ovit the departments, and 
that there was an urgent need for establishing such a 
control. At the time the position of that officer did not 
enable him to exercise any sufficient general supervision 
over expenditure, and there was no |)crmanent high 
official expressly charged with finance. Accordingly, 
after being submitted to a departmental committee, a 
fresh arrangement was made in November 188.^, whereby 
the accountant - gencTal, under the authority of the 
financial secretary, was given a direct share in the 
preparation of the estimates, Ilis written concurrence 
was required before the final approval of the votes, and 
each vote was referred to him for his apjjroval or 
observations, and he was to exercise a financial review of 
expenditure and to see that it was projicrly accounted for. 
He liecame, in fact, “ the officer to be consulted on all 
matters involving an expenditure of naval funds.” It was 
believed that economical administration would result ; but 
much opposition was raised to the principle that W’as 
involved of submitting the projiosals of responsible 
departments to the inexjHTt criticism of a financial 
authority. Mr !Main, assistant accountant - general, 
stated before the Royal Commission on Civil Establish- 
ments, 1887, that the effect had been to develop a 
tendency to withhold information or to afford only partial 
information, as well as to cause friction when questions 
were raised affecting exjienditure, accompanied by protests, 
even in those cases in which these questions were manifestly 
of a legitimate character. The result was discouraging, and 
in the opinion of Mr Main had done much to weaken 
financial control and to defeat the pur]) 0 H 0 of the ordcT. 
It is unnecessary to detail the various changes that have 
been made by the institution of dockyard expense accounts 
in the department of the Controller, and by various other 
alterations introduced. The Treasury instituted an in- 
dependent audit of store accounts which greatly afifected 
the position of the accountant-general, and the Royal Com- 


77 

mission on Civil Establishments reported that the Board 
of Admiralty were of opinion that they could disininse 
with the accountant - generaPs review altogether. The 
commission was, however, of opinion that the accountant- 
general should be the jx^rmanent assistant and adviser, on 
all matters involving the outlay of public money, of the 
financial secretary. 

The oix^rations of the accountant-general arc now 
conducted in accordance with the Order - in - Council of 
1 8th November 1 885, and of an office memorandum issued 
shortly afterwards. He thus acts as d(qmty and assistant 
of the parliamentary and financial secretary, and Morks 
with a finance committee within the Admiralty, of which 
the financial secretary is president and the accountant- 
general himself vice-president. The duties of the depart- 
ment are precisely defined as consisting in the criticism of 
the annual estimates as to their sufficiency before they are 
passed, and in advising the financial and jiarliameutary 
secretary as to their satisfying the ordinary conditions of 
economy. The accountant-general also reviews the 
progress of liabilities and expenditure, and in relation 
to dockyard expenditure he considers the proposed 
programme of construction as it affects labour, mabirial, 
and machinery. He further reviews current exjienditure, nr 
the employment of labour and material, as distinguishi^d 
from cash payments of the yard, as well as proposals for 
the spending of money on new work or rejiairs of any 
kind for which estimates are currently projxised. The 
accountant - generaPs dejiartmeut has three princijial 
divisions : the estimates division, the navy pay division, 
and the invoices and claims division. In the first of th(*st' 
is the ledger branch, occupied with the work of accounts 
under the several votes and suli-heads of votes, and witli 
])roparing the navy appropriation account, as well as ilie 
t^btimates and liabilities branch, in w hich the navy estimates 
are largely prepared after having been j)roiK)sed ami 
worked out in the executive departments of the Admiralty, 
There are also ships’ establishments and salaries branches. 
The navy pay division includes the full and half-pa^; 
branch and a registry section. There is also the seamen’s 
pay branch, which audits ships’ ledgers and wages, and 
has charge of all matters concerning thi* wages of scnimen. 
The victualling audit is also in this branch, and is con- 
cerned with payments for savings in liim t)f victualling and 
some other matters. Further, the navy ]:)ay division 
examines ships’ ledgers, and is concerned with the service, 
characters, ages, tkc., of men as well as with allotments 
and jiensions. The third division of the accountant- 
general’s department, known as that of invoices and claims, 
conducts a vast amount of clerical w’ork through many 
branches, and is concerned with the management of Naval 
Savings Banks and matters touching jirize- money and 
bounties. 

The importance of this great department of th(» Admiralty 
cannot be overrated. It is, in the first place, of supreme 
importance that the navy estimates should bt* placed upon 
a sound financial basis ; and in practice the board requires 
the concurrence of the accountant-general to the votes bt'fore 
they are approved, and thus in greater or h*bs degree this 
officer is concerned in the preparation of every one of the 
votes. He does not concern liiinself with matters of 
larger ])olicy outside the domain of finance, and it must ^ 
confessed that there appears to be something anomalous in 
his review ” of naval expenditure. It is, howTver, a mark 
of the flexibility or elasticity of the Admiralty system that 
in practice the ojicratioiiB of the accountant-general’s de- 
partment work easily, and that Admiralty finance is recog- 
nized as having been jilaced uixm a sound and efficient 
basis. There are important financial officers outside the 
accountant-general’s department concerned w'ith assisting 
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the Controller. The ins^jector of dockyard expense accounts, 
who is entirely in the Controller's deimrtment, enables him 
to exercise careful supervision over expenditure and the 
distribution of funds to sixjcial purposes. This work, 
however, though highly important, is merely one part of 
the system of financial control. Within recent years the 
bonds have been considerably tightened, and the work is 
untainted by corruption. It is true that in exercising 
rigid supervision over exj>enditure the work has become 
more centralized than is desirable, and it is a mark of 
change within recent years that local officers have been 
in larger measure deprived of indei>endent powers. This, 
indeed, is a necessiiry condition of financial control, or 
nt least a condition which it is not easy to change 
where rigid control is m‘cessary. (r. v. ii. ; J. li» ) 

United States. 

The President of the United States is commanderdu- 
clji(*f of the navy— a constitutional jircrogative which he 
seldom asicrts. The Navy Dejiartment is administered by 
a civilian Secretary of the Navy — a. cabinet officer apjwintcd 
by the President — who exercises general suin^rvision. 
Next in authority is the Assistant -Secretary, also a civilian 
nominee, who acts as an assistant, and has, bc»8ides, 
certain s|)ecilic duties, including general supervision of the 
marine corps, naval militia, and naval stations 
fVMvy Oe- lx.'yr)nd the continental limits of the United 
par fflea . <U*tails of administration are suiH*r- 

vised by the chiefs of bureaus, of which there are eight. 
They are ajiiiointed by the President from the navy list 
for a ])erioil of four years, and have the rank of rear- 
admiral while Slaving in this capacity. Tht'y have direct 
control of the business and corresjiondenee pertaining 
to their res|M*ctive bunnius ; and orders emanating from 
them have the same force as tlioiigh issued by the 
S(*eretary. 

The bureau of Navlgaiwn is the executive, or military, 
bun^iu, and as such jiromulgates and enforces the orders 
and regulations prescribed by the Secretary ; it has general 
dirtiction of the proeuremimt, education, assignment, and 
discipline of the personnel. It also controls the move- 
ments of ships, ineliiditig the authorization of manoeuvres 
and drills, such as target practice. The bureau of Equip- 
ment has cliarge of all electrical appliances, coni{)ass€>.M, 
charts, and fuel, and generally all that relat(*s to the 
equipment of vessels, exclusive of those articles that come 
naturally under the cognizance of other bureaus. It has 
charge of the naval observatory, where tluj ephemeris is 
prejiared annually, and of the hydrographic office, where 
charts, sailing directions, notices to inariners, <fec., are 
issued. Th(» bureau of Ordnance has charge of the gun 
factory, proving ground, and torix^lo station, and all naval 
magazines ; all the details that iwrtaiii to the manufacture, 
tests, installation, or storage of all offensive and defensive 
apparatus, including armour, ammunition hoists, ammuni- 
tion rooms, <fec., tliough much of the actual installation is 
j^rformed by the bureau of construction after consulta- 
tion with the bureau of ordnance. Tlie bureau of Von- 
Btruclion and repair has charge of the designing, building 
and repairing of hulls of shii)s, including turrets, spars, 
and many other accessories. It builds all boats, has 
charge of thii docking of vessels and the care of ships in 
reserve. The chief of this bureau is usually a naval 
constructor. The bureau of Sitani enqincerinff has 
charge of all that relates to the designing, building, and 
rejiairing of steam machinery, and with all the steam 
connexions on board ship. The bureau of Supjdies and 
accounts procures and distributes provisions, clothing, and 
supplies of the ^lay dejiartment afloat, and acts as the 
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purchasing agent for all materials used at naval stations, 
except for the medical department and marine corps. It 
also has charge of the disbursement of money and keeping 
of accounts. The chief of this bureau ih a pay officer. 
The bureau of Medicine and Surgery has charge of all 
naval hospitals, dispensaries^ and laboratories, and of 
all that pertains to the care of sick afloat and ashore. 
The chief of this bureau is a medical officer. The 
bureau of Yards emd docks has charge of construction 
and maintenance of wet and dry docks, buildings, rail- 
ways, cranes, and generally all jienuanent constructions 
at naval stations. The chief of this bureau is often a civil 
engineer. 

Under the cognizance of the Secretary's office is the 
office of the judge -advocate -general, an officer selected 
by the President from the navy list for a term of four 
years, with the rank of captain while so serving. He is 
legal adviser to the Department, and reviews the records 
of all courts and statutory boards. Under the cognizance 
of the Assistant-Secretary’s office is the office of naval 
intelligence, which collates information on naval matters 
obtainable at home and abroad. The staff is composed of 
naval officers on shore duty, the senior in charge being 
usually a captain, and known as chief intelligence officer. 
Several boards are employed under the various bureaus, 
or directly as advisers to the Secretary. Some are per- 
manent in character, while others are composed of officers 
employed on other duty, and are convoked periodically or 
when required. Th(‘ naval policy board is composed of 
officers of high rank, cuid meets once a month ; its duties 
conform to those of the general staff in armies. The 
board on constmetion consists of the chiefs of bureaus of 
Ordnance, Kiiuipmeut, Construction and repair, Steam 
engineering, and the chief intelligence officer. Its duty is 
to advise the Secretary in all mutters relating to the con- 
struction policy in detail. The general constmetion jiolicy 
is suggested by th<* naval ]>olicy board. The board of 
irisjiectiou and survey is composed of representatives of 
ail bureaus, who msjK*ct vessels soon after coiuiuission and 
on return from a cruise, and rejiort on the condition of 
the ship and efficiency of its pterstynnel ; it also conducts 
the official trials of new vessels. The boards for the 
examination of officers for promotion are composed of 
officers of the corps to which the candidate belongs and 
of medical officers. Kvc'ry officer is examined prolessiou- 
ally, morally, and physically at e^ch promotion. The 
Navy Do})artiiieiit is loc^ited at Washington, D.C., and 
occupies a building together with the State and War 
Departments (the latter being charged solely with army 
affairs). 

The personnel is limited in nunilier by law. The 
allowance of commissioned officers in duly 1900 was 
1449, distributed as shown in the table. All j 

others than line officers are termed, in contradis- • 

tinction from them, staff’ officers. The relative navy or 
army rank of any staff grade may be ascertained from the 
table on p. 79. 

The engineer corps was abolished in 1899, the then 
engineer-officers becoming line officers in their respective 
relative giudes. Line officers arc the military and execu 
tive branch, and are reejuired besides to perform engineer 
duties. They are graduates of the Naval Academy. 
Vacancies occurring in the construction corps are filled 
from the graduates of the Naval Academy having the 
highest standing in scholarship, who are given a two 
years' graduate course, generally abroad, on being 
graduated from the Academy, and are then appointed 
assistant naval constructors. All other staff officers are 
appointed directly from civil life by the President, from 
candidates passing prescribed examinations. Each repre- 
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sentative and delegate in Congress lias authority to 
nominate a candidate for naval ^ct whenever his con- 
gressional district has no representative in the Naval 
Academy. TMb candidate must be a resident of the 


district which the Congressman represents, between hftcen 
and twenty years old, and must pass prescribed mental 
and physical examinations. The President is allowed ten 
representatives at the Academy at all times, aj>pointed 


Limb OrricRHh 
(Executive 
Brunch). 

Medical ConiM. 

Pay Corps. 

Naval Constructors. 

Civil Engineers. 

Chaplains. 

Piofessors of 
Mulhcniutics. 

Hci itivo 
Aiiny 
Itfiiik. 

1 admiral 
(t rear admirals 

»♦ M 

70 captains 

15 medical din-ctors 

18 pay directors 

■ 

5 naval coustructors 

2 civil engineers 

4 chaplains 

8 prof, ot math 

(ipnrnil 

M'ljor-geu. 

-gen. 

Cdlonei 

112 oomnianderN 

1 5 medical Insiiectors 

18 pay inspectors 



7 „ 

4 „ 

LiiMit -col. 

170 lieut. -coins. 

55 surgeons > 

40 paymasters 1 

8U na\al constructors 

2 ,1 II 

13 .,1 


Major 

800 lieutenants 

110 passed assistant- j 

80 passed assist.- 

and assist, nuvul 
coustructors 4 

^ »» »» 


1 

** 

Captain 

I' lieutenants 

surgeons and 

assist. -KUxgeou8.2 

]ia> musters 2 

40 ttSMistant pay- 


11 M l> 1 



1st llcut. 

850 (lunior grade) 
1 ensigns 

.. 

musters 3 





2iid linut. 

1021 total. 

105 total 

186 total 

40 total 

21 total 

24 total 

12 total 

1 


1 with rank of liout.*coniTnaiidflr or lieutenant. 2 With rank of lieutenant, or lieutenant (junior grade) ® With rank of lieutenant (junior grade) or eiiaign. 
4 Nuvul couHtructorg with tank of lieut. cuiniimiider or lieutenant. Absiataiit naval conMlructors iiavn rank of lieutenant, or lieutenant (junior grade). 


large,” and one appointed from the district of 
Columbia, 

The courstj of instruction at the Academy is four years, 
each comprising eight months’ study, three months’ 
practice cruise, and one mouth’s furlough. At the expira- 
tion of four year.s, cadets are sent to cruising ships for two 
years’ further instruction, and are then commissioned 
cmsigiis. After three years’ further sea service, ensigns 
are promoted to lieutenants (juuibr grade). After this, 
j>roinotion is dejiendcnt upon seniority alone, the senior 
officer in any grade being promoted to the lowest number 
in the next higher grade when a vacancy occurs in the 
higher grade, and not before. All officers are retired on 
three-fourths sea pay at the age of sixty-two, or whenever 
a board of medical officers certifies that an officer is not , 
physically (Qualified to perform all duties of his grade. A ' 
few officers are allowed to retire voluntarily in certain , 
circumstance.s, to stimulate promotion. Any officer on the 
retired list may be ordered by the Secretary to such duty 
as he may be able to perform : this is a legal provision to 
provide for emergencies. Promotion in the staff coq)s is 
dependent upon seniority, though relative rank in the 
lower grades in somt' corps -somewhat dejiends upon pro- 
motion of lino officers of the same length of .service, 
and accounts for the existence of staff officers in the same 
grade having different ranks. All sea-going officers, aftt*r 
commission, are required to spend three year.s at sea, and 
are then usually employed on shore-duty for a time, 
according to the needs of the service — short terms of 
shore-duty thereafter alternating with three-year crui.ses. 
This rule is adhered to as strictly as circumstances will 
I)ermit. Shore duty includes executive or distinctly pro- 
fessional duties in the Navy Department, under its bureaus, 
and at navy yards and stations ; inspection of ordnance, 
machinery, dynamos, <fec., under construction by private 
firms ; duty on numerous temporary or jiermanent l^ards ; 
instructors at the Naval Academy; recniiting duty; 
charge of branch hydrograxihic offices ; insi>cction duty m 
the lighthouse establishment; at state nautical schools; 
as attaclw^s with United States legations; and many 
others. Naval constructors (usually), civil engineers, and 
professors of mathematics are continuously employed on 
shore-duty connected with their x>i'ofessious, the Naval 
Observatory, Nautical Almanac, and the Naval Academy 
employing most of the last. 

Warrant officers include boatswains, gunners, carpenters, 
sailmakers, warrant machinists, and pharmacists. The 
last arc limited in number to twenty-five, and are stationed 


at hospitals, <tc., asliore. Warrant machinists are at 
present limited by law to 150. The number ol 
the others is at the discretion of the Secretary. The 
number in January 1901 was as follows : boatswains, 91 ; 
gunners, 95 ; car])enters, 62 ; sailmakers, 10, They are 
appointed by the Secretary, preference lieing given to 
enlisted men in the navy who have shown marked ability 
for the positions. They must be Ixjtween twenty-one and 
thirty-five years of age, and }>ass an examination. After 
serving satisfactorily for one year under an acting apjioint- 
ment, they receive warrants that secure the jiermanency 
of their office. Ten years after appointment, boatswains, 
gunners, carpenters, and sailmakers, arc eligible for 
examination for a commission as chief -boatswain, c^c., 
and as such they rank with, but next after, ensigns. 
Mates are rated by the Secretary from seamen or ordinary 
seamen. They have no relative rank, but take jirecedence 
of all petty officers. Their duties approximate to those 
of boatswains, though they seldom serve on large cruising 
vessels. There were but eight on the active list m January 
1901. Clerks to pay officers are apjiointed by the 
S(*cretary on the nominations of the pay officers. They 
have no rank and are nut promoted or retired. Their 
ajipointments are revoked when their services are no 
longer needed. 

The enlisted force numbers 20,000, including 2500 
apprentices. Boys l)etween fifteen and seventeen years 
old of good character, who can read and write and pass 
the physical examination, may enlist for the term of their 
miuority. They enlist as third class apprentices, and are 
given six months’ instruction at a training station, and 
thence go to sea in apprentice training vessels. When 
proficient they are tranirferred to regular cruising vessels 
as second class, and when further qualified are rated first 
class. All other enlistments are for four years. First 
enlistments are made only in the following ratings and 
between the ages specified : — 

Rating. 

Seamen 

Ordinary seamen . 

Landsmen . 

Shipwrights . 

Blacksmiths . 

Plumbers and fitters 

Sailmakers’ mates . 

Machinists, first class . 

Machinists, second class 

Electricians, third class 

Boilermakers 


Years 

of 

Age. 

21 

to 

35 

18 


30 

18 


25 

21 


35 

21 


35 

21 


35 

21 


35 

21 


35 

21 


35 

21 


35 

21 

85 
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Ratliif;. 

Copperflmithfl 
Firemen, firet clans 
Firemen, second class . 

Coal-passers . 

Tlospital stewards . . 

Hospital apprentices, first class 
,, a])preiitices 
Oliicers* stewards . 

Olliccrs’ rooks 
Mess attendants . 

Ship’s cooks, fourth class 
Musicians, first class 
Musicians, second class 
Buf(lors 

I’aintcrs * 

Recruits must H])cak English. Ijandsincn are usually sent 
to sea on sjwcial training-ships until jiroficient, and are 
thtjii sent into general service. Raw recruits may enlist as 
landsmtm, or coal-jiassers, or mess attendants. Ordinary 
seatiieii must have served two years, and seamen four 
years liefore the mast, prior to first enlistment as such ; 
and before onlistiiiunt in any other rating allowed on first 
enlistment, ap])licants must prove their ability to hold 
such rating. Landsmen, eoal-iwissors, dre., as soon as they 
become proficient, are advanced to higher grades and, if 
American citizens, may eventually become petty officers 
(ranking with army non -eom missioned officers), with 
acting appointments. Tn twelve months, or as soon thcre- 
«after as proficiency is established, the acting ajipointment 
is made permanent, and an acting appointment for the 
next higher grade is issiuwl, ifec. Permanent apjK)int- 
ments are not revokable exeejit by sentence of court- 
martial, and a man ro-enlists in that rating for which he 
held a permanent appointment in his previous enlistment. 
All persons re-enlisting within four mouths after expiration 
of previous enlistment are entitled to a bounty equal to 
four months’ [lay, and in addition receive a ‘‘continuous 
service certificate,” which entitles them to higher pay and 
to other sfiecial considerations. The same is true for each 
re-enlistment. AVhen an enlisted man completes thirty 
years’ service and is over fifty years of age he may retire 
on three-fourths jiay. 

The marine corps constitutes a wholly siqiarate military 
body, though under the control of the Navy Dejuirtmcnt. 

Tt is organized, equipjied, uniformed, instructed, 
corpM^ and drilled similarly to thi* army, both as infantry- 
men and artillerymen, and hence may lie employed 
as soldiers either afloat or ashore. The corps is commanded 
by a brigadier-general, with headquarters in Washington, 
who bears to the Secretary a relation similar to that of a 
chief of bureau. The gimeral has a general stall* of ten 
members, and the remaining officers allowed by law are as 
follows; 5 colonels, 5 lieutenant-colonels, 10 majors, 60 
captains, 60 first lieutenants, and 60 8(»cond lieutenants. 
Although the organiziition closely follows the army system, 
Fegimental or even pcimanent liattalion organizations are 
impracticabh*, owing to their numerous and widely- 
se^iaratod stations. Practically all shore stations have 
barracks where marines are enlisted and drilled. At 
these places they also do sentry, ])oli(;e, and orderly 
duties. From such stations they are sent to ships for 
sea duty. Nearly all shijis eairy a body of marines 
known as the guard, varying in size from a few men 
coinnuinded by a sergeant, on small ships, to eighty or 
more, with one or more commissioni^d ofticers, on large 
vessels. Tt is customary to cause all marines to serve 
at sea three of the four years of each enlistment. On 
board shij) they perform sentry and orderly duty, and 
assist in police duties. They are also instructed iu many 
e.\erci8es pertaining to the navy, as rowing, naval signal- 
ling, gun drill, (&c. In action they act as riflemen, and 
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on many ships serve a portion of the guns. When cir- 
cumstances require a force to bo landed from ships present 
to guard American interests in foreign countries, legations, 
ikc., the marine guard is usually sent, though, if numeric- 
ally insufficient, sailors are landed also. Large bodies of 
marines are sometimes sent iu transports for this purpose 
from other stations. Marines also garrison places beyond 
the territorial limits of the United States which are 
under navy control. The enlist<3d force numbers 6000, 
Candidates for first enlistment must be between the ages 
of 21 and .*15 and unmarried, must bo citizens of the 
United States, Ixs able to read, write, and speak Eng- 
lish, and jmss a physical examination. Second lieu- 
tenants are appointed from civil life after examination 
or from the graduates of the Naval Academy. Promo- 
tion is by seniority as in the navy. Occasional opjior- 
tunities are also given meritorious enlisted men to secure 
commissions. 

Navy and Marine Corps Pay Tables. 

Table I. — Actim List : Officers of the Lirts, Medical and 
Pay Cm'^hs of the Navy^ and Officers of the Marine 
Coi'ps, 



On Kita 


Rank. 

Duty or 
Shore Duty 
boyoiid 

On 

Shoro. 


Bea. 


• 

Admiral ... . . 

Rear-adiimals- 
First nine 

Soconil nine . . . . . 

Chiefs of bureaus ana brigadior-geiieral 
commandant of marine curp<t 

Captains, navy . 

Jiidge-advocatO'gcnoral and colonels, uiariue 
corps, hue and staff .... 

Commanders, navy 

Lieutenant-colonels, maiiiie corps, lino and 

« 

13,500 

8 

13,500 

7.500 

5.500 

3.500 

C,375 

4,675 

.5,500 

2,075 

3,500 

3,000 

3,500 

2,550 

1 1 

staff .... 

3,000 

3,000 1 

Lieutenant-commander.s, navy . 

2,500 

! 2,125 

Majors, marine corps, hue and .statl 

2,500 

i 2,500 1 

Lieutenants, navy 

Captains, marine corps— 

Line .... 

1,800 1 

1 1,530 j 

1,800 

1,800 i 

Staff ... 

2,000 

2,000 

Lieutenants (junior grade), navy 

First lieutenants and leader of band, niannc 

1,500 

1,275 

corps . . .... 

1,500 

1,500 

Ensigns, navy . ... 

Second lieutenants, marine corps, chief 
boatswains, chief gunners, chief cat- 
]>entors, and chief sailmakers 

1,400 

1,190 

1,400 

1,400 


lieinarks. 

All officers paid under this table below the rank of rear-admiral 
or brigadior-goneral arc entitled by law to 10 })er cent, upon the 
full yearly pay of their grades for each and every period of five 
years’ service, as increase for length of service, or ** longevity pay,” 
computed ui>on their total actual service in army, navy, and marine 
corps ; pro\ ided that the total amount of such increase shall not 
exceed 40 TM>r cent, upou the full yearly pay of the grade ; and pro- 
vided further that the pay of a captain in the navy or colonel 
of marines shall not exceed ^^4500 jier annum, and that of a com- 
mander in the navy or lieutenant -colonel of marines $4000 per 
annum. 

Allowances. — The monthly committation for quarters of the 
admiral is $125. All other commissioned officers of the line 
and of the medical and fuiy corps of the navy, and all officers 
of the marine corps, are entitled to public quarters while on 
shore -duty or commutation therefor, the amount varying be- 
tween $24 per month for an ensign and $72 for a rear-admiral. 
Officers serving ashore in Cuba, Porto Rico, the Philippine Islands, 
Hawaii, or Alaska are allowed 10 per cent, increase of the pay 
proper. 


ADMIRALTY ADMINISTRATION 


Ynars of 

A«e. 

21 

to 

35 

21 


35 

21 


35 

21 

35 

21 


30 

21 


28 

18 


25 

21 


35 

21 


35 

18 


30 

18 


80 

21 


35 

21 


35 

21 


35 

21 


35 
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Table II . — Active Liel : Other Offletr* of the Nawy amd othere wha are paid at Officers. 


Naval cadets — 

In other than prac- 
tice ships . 

At Naval Academy 
and elsewhere . 

Chaidains 

Professors of mathe- 
matics and civil 
engineers . 

Naval constructors . 


Assistant naval con- 
structors 


Warrant officers - 
Boatswains, gun- 
ners, carpenters, 
8ailinakeis,phai- 
macistsand war- 


First 6 Yean after 
Date of Commission. 

Second A Years after 
Date of Gominission. 

Tiilrd 6 Years aOer 
Date of Commission. 

At Sea. 

On 

Shore 

or 

other 

Duty. 

On 

Leave 

or 

wait- 

in* 

Orders. 

1 on i 
Shore 

AtSea.l or 
' other 
j Duty. 

On 

l^eava 

or 

wait- 

ing 

Orders. 

At Sea. 

Shore 

or 

other 

Duty. 

On 

Leave 

or 

wait- 

ing 

Orders 

$ 

9 

« 

• i • 

9 

9 

9 

9 

950 



j 





500 

2500 

500 

2000 

500 

1600 

2800 ' 2300 

1 

1900 




2400 

3200 

2400 

3200 

1500 

2200 

2700 1 2700 
3400 1 3400 

1800 

2400 

3000 

3700 

3000 

3700 

2100 

2700 

First 4 Ynars after Date 
of Appointnieiit. 

Second 4 Years after Date 
of Appointment 

After 8 Years from Date 
of ApiMiintment 

% 

2000 

• 

2000 

9 

1500 

• » 

2200 2200 

9 

1700 

9 

2600 

9 

2600 

• 

1900 

First 3 Years after Date 
of Apiiol fitment. 

Second 8 Ye&n after Date 
of Appomtuiciit. 

Tliiid 3 Years after Date 
of Appointment 


% 

9 

9 9 

9 

9 

9 

9 

1200 

900 

700 

1800 1000 

800 

1400 

1300 

900 

At Sea 

Hhciro 

Duty 

On 

Leave 

or 

wait- 

ing 

( Irders 







9 

9 






1200 

900 

700 






900 

700 

500 







Kourtli 6 Ywirn aftiT 
Date of CoiiiuilAHion. 


After 20 Yearn ftom 
Date of Commiaaiuii. 


On . 
Hhon. I 


of Appointment. 


of Appointment. 


1600 ! 1300 1000 1800 1600 


Mates — ^ ® $ 

Those in service Ist 

August 1894 . 1200 900 700 

Those appointed 

since. . . 900 700 500 

All officers ^id'under this table are allowed 30 cents per day when attached to a sea going vessel as a commutation for rations. 
Naval cadets are allowed this amount at all times. 

Table III . — Petty Officer's, Knlieted Men^ <tc. — Navy, 

CLASKIFlCAriON AND PaY. 

Chief Petty Officers. 


Beaman Branch. 


Chief inasters-at-arms 
Chief boatswains* mates 
Chief gunners’ mates . 

Chief gun captains 
Chief quartermasters . 

Masters-at-arms, first class . 
Boatswains* mutes, first class 
Gunners* mates, first class . 
Gun captains, first ola«>s 
Quartermasters, first class . 
Schoolmasters 


Musters-at-arms, second class 
Boatswains’ mates, second class 
Gunners* mates, second class 
Gun captains, second class . 
Quartermasters, second class 

Masters-at-arms, third class 
Coxswains (1) . 

I Gunners* mates, third class . 

I Quartermaster, third class . 


Artitlcer Branch 


Chief machinists . 
Chief carpenters* mates 
Chief electricians 


Petty Officers — First Class, 
Machinists, first class . 
Boileiiuakers 
Coppersmiths 
Blacksmiths 
Plumbers and fitters 
Sailniakers* mates 
Carpenters’ mates, first class 
Water tenders 
Electricians, first class 

Petty Officers — Secmid Class. 
Machinists, second class 

Oilers 

Cariientcrs* mates, second class 

Printers 

Electricians, second class 

Petty Officers — Third Class, 
Carpenters' mates, third class 

Painters 

Eleotrioians, third class 


Monthly ! 
Pay 

Special Branch 

Monthly 1 
Pay. 1 

9 


9 

70 

Chief yeomen 

60 

50 

Hospital stew'ards 

60 

60 

Bandmasters 

52 


First musicians . 
Yeomen, first class 


Yeoman, second class . 


Yeomen, third class . 
Hospital apprentices, first class 
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Table III . — Fttiy Officers^ Enluted Men^ dec. — contimied. 


[u,R.A, 


Seaman Branch. 

Monthly 

pay. 

Artificer Branch. 


• 

Special Branch. 

Monthly 

Pay. 



Seanien — First Class 




1 Seamen gunners .... 

26 

Firemen, first class 

36 

Musicians, first class . 

82 

Seamen 

21 




! 

Apprentices, first class . 

21 




» 



Seainen — Second Class, 




Ordinary seanieii .... 

19 

Firemen, second class . 

30 

Musicians, second class 

80 

Appi entices, second class 

15 

Shipwrights .... 

25 

Buglers 

80 



Sailmukors 

26 

Hospital apprentices . . | 

20 



Seamen — Tkvrd Clasa. 




Landsmen 

16 

( Cool passers .... 

22 

1 


Appreiitiues, third class 

9 

1 


1 




^fessmen Branch. 




Stew'ards to commanders-in-cliief 

45 

Wardroom stewards 

87 

Ship’s cooks, first class 

85 

(looks to coinmaiiderH*m>chief 

40 

Wardioom cooks «... 

82 

Ship's cooks, secoiirl class 

80 

Stewards to comniaiidaiits . 

45 

Steerage stewards 

26 

Ship’s cooks, third class 

25 

(Jooks to coiiimatidaiits 

40 

Steei-agc cooks 

22 

j Ship’s cooks, fourth class 

20 

Cabin 8tc\Kaids . 

37 

Wan ant officers’ stewards . 

24 

Mess atteiiduiits .... 

16 

Cabin cooks 

1.!^ j 

Wan ant officers* cooks 

20 

1 



Any man who has recuivod ua lionouiuhlo discli.irge from his last term of enlistment, who re-cii lists for a term of four years within 
four months from the date of his iliscliargo, receives an increase of $1.86 per mouth to the pay proscribed for the rating in which he 
serves for each consecutive ro-enlistment. 


Tahlk IV. -- Non-i'ommiadoned Officer Muaiciana^ amd Privates. — Marine Corps. 


Grade. 

Pirnt KiiliHlmniit, or first 6 Yoara. 

First 

ro-eiilistment, 
or second 6 
Yoai-s. 

Ekieoiid 

re-eiilistinciit, 
ur thfiil o 
Years 

Third 

rft-enliHtmenI, 
or fourth b 
Yeais 

Fourth 
re-enlistirient, 
or fifth b 
Years. 

Kiist 

■\far 

Nficond 

Year 

lliird 

leaf 

Fourth 

Year. 

Fifth 

Year 


• 

f 

9 

9 

9 

9 

9 

9 

9 

Sergeant-major 

34 

34 

35 

30 

37 

39.00 

40 

41.00 

42 

(.^uurtcrmastcr-scrgeant . 

34 

34 

35 

86 

87 

89.00 

40 

41.00 

42 

Drum major . 

25 

25 

26 

27 

28 

80.00 

81 

a‘j.oo 

88 

(lUiiiiery sergeant 

35 

35 

36 

37 

88 

40.00 

41 

12.00 

48 

First sergeant 

25 

25 

20 

27 

28 

80.00 

31 

32.00 

33 

Sergeant 

18 

18 

19 

20 

21 

23.00 

24 

25.00 

26 

Corporal 

15 

15 

16 

17 

18 

20.00 

21 

22.00 

23 

Dniminor and tninipefoi 

13 

13 

14 

16 

10 

18.00 

19 

20 00 

21 

Privoto .... 

13 

13 

14 

15 

16 

18.00 

19 

20.00 

21 

Leadei of the band . 

125 

125 

12.5 

125 

125 

137.50 

150 

162.50 

175 

Second leader of bund 

75 

75 

70 

77 

78 

80.00 

81 

82.00 

83 

Musician, first class 

60 

60 

60 

60 

60 

60.00 

60 

60.00 

' 60 

Musician, second class 

50 


50 

.50 

50 

50.00 

50 

,50.00 

1 ..0 , 


Tin* incessiuit ch.tii^^os in mi tend and its distribution 
render a romiuvlieiisive description of this subject of little 
sa u I I ephemeral value. On Ist January 

* lt)01 there wore 239 vessels of all classes on the 

navy list, and (>7 more under construetion. 


Taule a. Completed Vessels — Modent Construct loti. 


7 1st class battleships 

1 2iid ,, battleship 

2 aimoiirod ciuisors 
6 protected ,, 

8 nil protected ,, 

19 gunboats 
6 uionitors 

1 hai boiir-dofcnco ram 
1 dynamite cruiser 

20 torpedo boats 

1 ,, boot (submarine) 


10,288 to 11,565 tons. 
6,315 

8,200 to 9,216 „ 
3,000 to 7,375 ,, 
2,0S9 

839 to 1,710 „ 
3,990 to 6,060 „ 
2,155 
929 

46 to 278 „ 
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All of the above are of modern steed construction (except 
the monitors, which are of iron\ the first commission of 
the oldest dating Decembi^r 1885, ami the great majority 
wore first commissioned since 1890, and most built prior 
to 1890 have since been rebuilt. Next in order of practical 
efficiency are the converted vessels jmrehased prior to or 


during the Spanish wai. Many aie noAv in commission 
and may be retaimnl in service indefinitely. 


Taule B. Auxihary Fiyldiruj Ships. 


5 converted ciuisers 

4260 to 6888 tons. 

4 „ 

yachts 

806 to 2690 „ 

11 M 

»» 

302 to 786 „ 

« » 

It 

82 to 192 „ 

20 „ 

tugs . 

160 to 840 „ 

54 

There are 

also 26 guuboats captured or purchased j 


S]iain, varying in size from 42 to 1159 tons, and in 
characteristics from single-screw iron boats to twin-screw 
steel craft of late design and high efficiency. 


TauikC. Aujrilinries. 


16 colliers 
2 distilling ships 
1 tank „ 

1 hospital „ 

6 supply „ 

1 marine traii8]iort 
15 unarmed tugs 


. 3085 to 7500 tons. 

. 6100 to 6206 „ 

. 6200 
. 4700 

. 2600 to 7000 „ 

. 1400 

. 192 to 450 „ 


41 

The followingVessels of old construction are still seaworthy 
and efficient for their type, and many are in commission-- 
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Tablb D. Old Omatrwslion, 

8 single-turret iron monitors. 

2 iron steam cruisers. 

2 9 , paddle gunboats. 

7 wooden steam cruisers. 

1 ,, tor])edo boat of 17 knots speed. 

20 

Tablb K. j 7 Utffi 4 :ienL 

22 wooden sailing vessels, mostly unserviceable, except as re- 
ceiving ships, kc. 

Table F. Under Conetruction, 


10 let class battleships 

. 11,525 to 16,000 tons. 

6 armoured cruisers . 

13,600 to 14,000 

>» 

8 protected ,, 

. 9,600 


6 »» It 

8,100 

>> 

4 monitors 

3,214 


1 gunboat 

6 submarine boats 

120 

I* 

1 torpedo craft . 

165 to 420 
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United States naval vessels arc, as a rule, built at private 
yards under contracts awarded after competition. The 
Government is not committed to any fixed policy or 
building programme. Each year the Secretary recom- 
mends certain new construction. The final action rests 
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with Congress, which most appropriate money for the new 
ships before the construction can bo commenced. Repiir- 
ing and reconstruction are usually done at Government navy 
yards. 

Ships in commission are distributed among five sUtions : 
(1) the North Atlantic, which includes the Atlantic coast of 
the United States, Central America, and South 
America as far as the Amazon, also the West 
Indies; (2) the South Atlantic, which includes 
the remainder of the Atlantic coast of South America and 
both coasts of South Africa ; (3) the Euroyioan, which com- 
prises the coast of Huro|)e, including the inland seas, and the 
North Atlantic coast of Africa ; (4) the Asiatic station, com- 
prising the coast of Asia, including the islands north of 
the equator, also the east coast of North Africa ; (5) the 
Pacific station, comprising the Pacific coast of North and 
South America, and Australia and the adjacent islands 
lying south of the equator. Each station is comiimnded 
by a flag officer, and the number of ships under the 
commiind varies according to circumstances. Ships in 
commission on special service, such as training, gunnery, 
surveying ships, &c., are not attached to stations. The 
shore stations of the navy are enumerated in the article on 
Dockyards. (w. t. .s.) 


Admiralty, Cinque Ports Court of.— I 

The Court of Admiralty for the Cinque Ports exercises a 
co-ordinate but not exclusive Admiralty jurisdiction over 
persons and things found within the territory of the 
Cinque Ports. The limits of its jurisdiction were declared | 
at an inquisition taken at the Court of Admiralty, held | 
by the seaside at Dover in 1682, to extend from Shore 
Beacon in Essex to BedclifT, near Seaford, in Sussex ; and ' 
with regard to salvage, they comprise all the sea between 
Seaford in Sussex to a point five miles off Cape Grisriez on 
the coast of France, and the coast of Essex. An older ' 
inquisition of 1526 is given by Mr Marsden in his Select I 
Pleas of the Court of Admiralty^ IL xxx. The court is an I 
ancient one. The judge sits as the official and com- | 
missary of the Lord Warden, just as the judge of the High 
< 'ourt of Admiralty sat as the official and commissary of I 
the Lord High Admiral. And, as the office of Lord Warden 
is more ancient than the office of Lord High Admiral 
(The Lord Warden v. King in his office of Admiralty^ 
1K31, 2 Hagg. Adiny. Eep. 438), it is probable that the 
Cinque Ports Court is the more ancient of the two. 

The jurisdiction of the court has been, except in one 
matter of mere antiquarian curiosity, unaffected by statute. 
It exercises only, therefore, such jurisdiction as the High 
Court of Admiralty exercised, apart from the restraining 
statutes, 13 Kic. 11. c. 5, 15 Ric. II. c. 3, and the 
ennbling statutes, 3 and 4 Viet. c. 65, and 24 Viet. c. 10. 
Cases of collision have been tried in it (the “Vivid,” 1 
Asp, Maritime Law Cases^ 601). But salvage cases 
(the “Clarissc,” Swahey^ 129; the “Marie,” Law, Rep, 7 
P,p. 203) are the principal cases now tried. It has no 
prize jurisdiction. The one case in which jurisdiction has 
been given to it by statute is to enforce forfeitures under 
5 Eliz. c. 5. 

Mr Arthur Cohen, K.O., is the present judge. His 
predecessor was Dr (afterwards the Right Hon. Sir 
Ktjbert Joseyih) Phillimore, who succeeded his father in 
the same office, and was judge from 1855 to 1875. As Sir 
Robert Phillimore was also the last judge of the High 
Court of Admiralty, from 1867 (the date of his appoint- 
nient to the High Court) to 1875, the two offices were 
probably for the first time in history held by the same 


person. The appointment is by the Lord Warden. Dr 
Phillimore’s patent had a grant of the “ place or office of 
judge official and commissary of the Court of Admiralty of 
the Cinque I’orts, and their members and appurtenances, 
and to be assistant to my lieutenant of Dover castle in 
all such afiairs and business concerning the said C'ourt of 
Admiralty wherein yourself and assistance shall be re- 
quisite and necessary.” Of old the court sat sometimes 
at Sandwich, sometimes at other ports. But the regular 
place for the sitting of the court has for a long time been, 
and still is, the aisle of St James’s Church, Dover. For 
convenience the judge often sits at the Royal Courts of 
flustice. The office of marshal in the High C’ourt is 
represented in this court by a serjeant, who also bears a 
silver oar. There is a registrar, as in the High Court. 
The ap])eal is to the queen in council, and is heard by 
the judicial committee. The court can hear appeals from 
the Cinque Ports salvage commissioners, such appeals 
being final (1 and 2 Geo. IV. c. 76, g 4). Actions may be 
transferred to it, and appeals made to it, from the county 
courts in all cases arising within the jurisdiction of the 
Cinque Ports as defined by that Act. At the solemn 
installation of the Lord Warden the judge as the next 
principal officer installs him. 

The Cinque Ports from the earliest times claimed to be 
exempt from the jurisdiction of the admiral of England. 
Their early charters do not, like those of Bristol and other 
seaports, express this exemption in terms. It seems to 
have been derived from the general words of the charters 
which preserve their liberties and privileges 

The Lord Warden’s claim to jirize was raised in, but not 
finally decided by, the High Court of Admiralty in the 
“Ooster Ems,” 1 C. Rob, 284, 1783. 

See Boys. Sandtoich and Cinque Ports. — Knocker. Grand 
Court of Hhepwayt 1802. (w. G. F. P.) 

Admiralty, Hiffh Court of.— Tho Higb 

Court of Admiralty was tlie court of tho deputy or 
lieutenant of the admiral. It is supposed in the 
Booh of the Admiralty to have been founded in the rei^ 
of Edward I. ; but it would apiicar, from the learned dis- 
cussion of Mr Marsden, that it was established as a civil 
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court by Edward III. in the year 1360 ; the power of the 
admiral to detennine matters of discipline in the fleet, 
and possibly questions of piracy and prize, being somewhat 
earlier. Even then the court aM such took no formal 
shape ; but the various admirals began to receive in their 
patents express grants of jurisdiction with powers to 
ai>point lieutenants or deputies. At first there were 
separate admirals or rear-admirals of the north, south, 
and west, each with deputies and courts. A list of 
them was collected by Sir HL. Spclman. These were 
merged in or absorbed by one higl^ court early in the 
15th century. Sir Thomas Beaufort, afterwards earl of 
Dorset and duke of Exeter (appointed admiral of the 
fleet, 9 Henry IV., and admiral of England, Ireland, and 
Aquitaine 1412, which latter ofiico he held till his death in 
1417), certainly had a court, with a marshal and other 
officers, and forms of legal process — mandates, warrants, 
citatioiLs, compulsories, proxies, <kc. For the subject 
matters of the ancient Admiralty jurisdiction it is usual 
to refer to the inquisition of Queenborough in 1375. 
Complaints of encroachment of jurisdiction by the 
Admiralty courts led to the restraining Acts, 13 Ric. 
II. c. 5, 15 Ric. II. c. 3, and 2 Hen. IV. c. 11. 

The original object of the institution of the courts or 
court seems to have been to prevent or punish piracy and 
other crimes upon the narrow seas and to deal with 
questions of prize ; but civil jurisdiction soon followed. 

The jurisdiction in criminal matters was traus- 
tflcMoa. ^ 1 admiral or his 

deputy and three or four other substantial persons 
appointed by the Lord Chancellor, who were to proceed 
according to the course of the common law. By 4 and 5 
Will. IV. c. 36, cognizaru'o of crimes committed within 
the jurisdiction of the Admiralty was given to the central 
criminal court. By 7 and 8 Viet. c. 2, it has been also 
given to the justices of as.size; and crimes done within the | 
jurisdiction of the Admiralty are now tried as crimes com- 


I application of the civil law to the trial of criminal cases 
I with much force : After the course of the civil laws, 
the nature whereof is that before any judgment of death 
can be given against the offenders, either they must plainly 
confess their offences (which they will never do without 
torture or pain), or else their offences be so plainly and 
directly proved by witness indifferent such as saw their 
offences committed which cannot be gotten but by chance 
at few timea” 

The material enactments of the restraining statutes 
were as follows : — 13 Ric. II. c. 5 provided that “ the 
admirals and their deputies shall not meddle 
from henceforth of anything done within the 
realm, but only of a thing done upon the sea, 
as it hath been used in the time of the noble prince king 
Edward, grandfather of our lord the king that now is.'' 
15 Ric. II. c. 3 provided, that “of all manner of contracts, 
pleas, and quarrels, and other things rising within tho 
bodies of the counties as well by land as by water, and 
also of wreck of the sea, the admiral’s court shall have no 
manner of cognizance, jiower, nor jurisdiction ; but all 
such manner of contracts, pleas, and quarrels, and all 
other things rising within the bodies of counties, as well 
by land as by water, as afore, and also wreck of the sea, 
si^ll be tried, determined, discussed, and remedied by the 
laws of the land, and not before nor by the admiral, nor 
his lieutenant in any wise. Nevertheless, of the death of 
a man, and of a maihem done in great ships, being and 
hovering in the main stream of great rivers, only beneath 
the [bridges] of the saftie rivers [nigh] to the sea, and in 
none other places of the same rivers, the admiral shall 
have cognizance, and also to arrest ships in the great flotes 
for the great voyages of the king and of the realm ; saving 
always to the king all manner of forfeitures and profits 
thereof coming ; and he shall have also jurisdiction ui>on 
the said flotes, during tho said voyages only ; saving always 
to the lords, cities, and boroughs, their liberties and 


mitted within tho body of a county. See also the | 
Criminal Law Consolidation Acts of 24 and 25 Victoria. 

From tho time of Henry IV, the only legislation affect- 
ing the civil jurisdiction ot the High Court of Admiralty till 
the time of Queen Victoria is to be found in § 10 of 32 Hen. 
VIII. c. 14, enabling the admiral or his lieutenant to decide 
on certain complaints of freighters against shipmasters for 
delay in sailing, and § 3 1 of 5 Eliz. c. 5, giving the Lord 
High Admiral of England, the Lord Warden of the Cinque 
Ports, their lieutenants and judges, co-ordinate power 
with other judges to enforce forfeitures under that Act — 
a very curious and miscellaneous statute called “ An Act 
for tho Maintenance of the Navy.” 

In the Act 25 Hen. VIII. c. 19, with regard to ecclesi- 
astical a])peals from tho courts of the archbishops to the 
Crown, it is provided that the appeal shall be to the king 
in Chancery, “ and that upon every such ap|)eal a com- 
mission shall be directed under the great seal to such 
persons as shall be named by tho king’s highness, his 
heirs or successors, like as in cases of appeal from the 
Admiralty Court.” The appeal to these “ jiersons,” c.allod 
delegates, continued until it was transferred first to the 
Privy Council and then to the judicial committee of the 
Privy Council by tho statutes 2 and 3 Will. IV. c. 92, and 
3 and 4 Will. IV. c. 41. 

The early jurisdiction of the court appears to have been 
exercised very much under the same procedure as that used 
by the Courts of Common Law. Juries are mentioned, 
sometimes of the county and sometimes of the county and 
merchants. But the connexion with foreign parts led to the 
gradual introduction of a procedure resembling that coming 
into use on the Continent and based on the Roman civil law. 
Tho statute 28 Hen. VI 1 1 c. 15, states the objection to this 


franchises.” 2 Hon. IV. c. 11 adds nothing by way of 
definition or restriction, but merely gives additional 
remedies against encroachments, providing heavy fines for 
those who improperly sue in the court, and those officials 
of the court who improperly assert jurisdiction. It was 
repealed by 24 Viet. c. 10. The statutes of Richard, 
except the enabling part of the second, were re{>ealcd by 
42 and 43 Viet. c. 59. The formation of a High Court of 
Justice rendered them obsolete. 

In the reign of James I. the chronic controversies 
between tho Courts of Common Law and the Admiralty 
Court as to the limits of their respective jurisdictions 
reached an acute stage. Wo find the records of it in the 
second volume of Mr Marsden’s Select Pleas in the Court 
of Admiralty^ and in Lord Coke’s w'ritings : Reports^ ])art 
xiii. 51 ; Institutes, part iv. chap. 22. In this latter 
passage Lord Coke records how, notwithstanding an 
agreement asserted to have been made in 1575 between 
the justices of the King’s Bench and the judge of the 
Admiralty, the judges of the Common Law Courts suc- 
cessfully maintained their right to prohibit suits in Ad- 
miralty upon contracts made on shore, or within havens, 
or creeks, or tidal rivers, if the waters vrere within the 
body of any county, wheresoever such contracts were 
broken, for torts committed within the body of a county, 
whether on land or water, and for contracts made in parts 
beyond the seas. It is due to the memory of the judges 
of Lord Coke’s time to say that, at any rate as regards 
contracts made in partibus transmarinis, the same rule 
appears to have been applied at least as early as 36 Hen. 
VIII., the judges then holding that “ for actions transitory 
abroad action may lie at common law.” 

All the while, however, the patents of the Admiralty 
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judge purported to confer on him a far ampler jurisdic- 
tion than the jealousy of the other courts would 
juag 9 *M concede to him. The patent of the last judge 
pat 9 a . court, Sir Robert Joseph Phillimore, 

dated 23rd August 18G7, styles him “Lieut. Off\ Princ*. 
and Commissary Gen*, and Special in our High Court of 
Admiralty of Eng. and President and Judge of the same,” 
and gives to him power to take cognizance of “ all causes, 
civil and maritime, also all contracts, complaints, offences 
or 8usi)ected offences, crimes, pleas, debts, exchanges, 
accounts, policies of assurance, loading of shij)s, and all 
other matters and contracts which relate to freight due 
lor the use of ships, transportation, money, or bottomry ; 
also all suits civil and maritime between merchants or 
between proprietors of shijis and other vessels for 
matters in, ujjon, or by the sea, or public streams, or 
fresh -water port^ rivers, nooks, and places overflown 
whatsoever within the ebbing and flowing of the sea and 
high-water mark, or upon any of the shores or banks 
adjacent from any of the first bridges towards the sea 
through England and Ireland and the dominions thereof, 
or elsewhere beyond the seas.’* Power is also given to 
hear appeals from vice-admirals; also “to arrest . . . 
according to the civil laws and ancient customs of our 
high court ... all ships, persons, things, goods, wares, 
and merchandise ** ; also “ to enquire by the oaths of honest 
and lawful men . . . of all . . . things which . . . ought 
to be enquired after, and to mulct, arrest, jiunisli, chastise, 
and reform ** ; also “ to preserve the ]niblic streams of our 
Ailmiralty as well for the preservaPtion of our royal navy, 
and of the fleets and vessels of our kingdom ... as of 
whatsoever fishes increasing in the rivers **; also “ to reform 
nets too straight and other unlawful engines and instru- 
ments whatsoever for the catching of fishes ** ; also to take 
cognizance “of the wreck of the sea . . . and of the 
death, drowning, and view of dead bodies,** and the con- 
servation of tlie statutes concerning wreck of the sea and 
the office of coroner [3 and 4 Eilw. I.], and concerning 
pillages [27 Edw. UI.J, and “the cognizance of mayhem** 
within the ebb and fiow of the tide ; all in as ample 
manner and form as they were enjoyed by Dr David 
Lewis [judge from 1558-84], Sir Julius Cicsar, and the 
other judges in order (22 in all) before Sir Robert Philli- 
more. This form of patent differs in but few respects 
from the earlier Latin yiatents — temijore Henry VI 11. — 
cxce[it that they have a clause non obstantilm» statutis. 

As has been said, however, the contention of the 
Ct)mmon Law judges prevailed, and the Admiralty Court 
(except during a temporary revival under Crora- 
Modent sank into comparative insignificance during 

the 17 th century. The great maritime wars of 
the 18th century gave scope to the exercise of its prize 
jurisdiction; and its international importance as a prize 
court in the latter half of the 18th and the first part of 
thf-. 19th centuries is a matter of common historical know- 
ledge. 

There were other great judges; but Sir William Scott, 
afterwards Lord Stowell, is the most famous. Before his 
time there were no reports of admiralty cases, except Hay 
and Marriott’s prize decisions. But from his time on- 
wards there has been a continuous stream of Admiralty 
Reports, and we begin to find important cases decided on 
the instance as well as on the prize side. 

In the reign of Queen Victoria, two enabling statutes, 
3 aud 4 Viet c. 65 and 24 Viet c. 10, were passed and 
peatly enlarged tho jurisdiction of the court The manner 
in which these statutes wore administered by Dr. Lushing- 
ton and Sir R, Phillimore, whose tenure of office covered the 
whole period of the Queen’s reign till the creation of the 
High Court of Justice, the valuable assistance rendered by 


the nautical assessors from the Trinity House, the great in- 
crease of shipping, especially of steam shipping, and the 
number and gravity of cases of collision, salvage, aud dam- 
age to cargo, restored the activity of the court and made it 
one of the most important tribunals of the counlry. In 
1875, by the oi^eration of the Judicature Acts of 1873 and 
1875, the High Court of Admiralty was with tlu* othe r great 
courts of England fonnod into the High Court of Justice. 
The principal officers of the court in subordination to 
the judge were the registrar (an office which always 
|K)ints to a connexion with canon or civil law), and the 
marshal, who acted as the maritime sheriff, having for 
his baton of office a silver oar. The assistance of the 
Trinity Masters, which has been already mentioned, was 
provided for in tho charter of incorporation of the Trinity 
House. These officers and tlieii* assistance have been pre- 
served in the High Court of Justice. 

See Sir TiiAVEUs Twiss. Black Jiook of Oit Admiralty, Rolls 
senes. — M arkueN. Select Pleas %n the Court of AdiniraHy^ 
XiublisliBrl by the Solden Society. — G odulPHIN. View of the Ad- 
miral Jurisdiction. (w. (i. f. V.) 

Admiralty Jurl8diction.--The courts by 

which, as far as we know, Admiralty jurisdiction in civil 
matters was first exercised were the iol lowing In an<l 
throughout England the courts of the several admirals so(.n 
combined into one High Court of Admiralty. Within the 
territories of the Cinque I’orts the Court of Admiralty of 
the Cinque Ports exercised a co-ordinate jurisdiction, in 
certain towns and places there were local courts of Vice- 
Admiralty. In Scotland there existed tho Scottish High 
Court of Admiralty, in Ireland the Irish High Court of 
Admiralty. Of these courts that of the Oiniiue i’orts 
alone remains untouched. I'he Scottish court was ab- 
sorbed, and its jurisdiction given to the Court of Session 
by 11 (Jeo. IV. and 1 Will. IV. c. 69 — not, however, till a 
decision given by it and the appeal therefrom to the 
House of Lords bad established a remarkable rule of 
Admiralty Jaw in cases of collision {JJayv. Le Neve, 1824, 
2 Shaw, #SV. App. Cos. 395). The local Vice- Admiralty 
Courts in England had ceased to do much work when 
they were abolished by the Municipal Corporations Act, 
1835 , the High Court became, wdth the other superior 
courts, a component part of the High Court of Justice by 
virtue of the Judicature Acts, 1873 and 1875. And the 
Irish court has in like manner become a part of the 
High Court of Justice in Ireland by the Judicature Act 
for that country. 

As England first, and Great Britain afterwards, acquired 
colonies and possessions beyond seas, Vice -Admiralty 
Courts were established. The earliest known 
was that in Jamaica, establishi^d in the year Adminity 
1662. Borne Vice - Admiralty Courts which Courts. 
were created for j)rize purpose.^ in the last century were 
suffered to expire after 1815. In the year 1863, when 
the Act regulating the Vice- Admiralty Courts was passed, 
there were Vice-Admiralty Courts at Antigua, Bahamas, 
Barbadoes, Bermuda, British Columbia, British Guiana, 
British Honduras, Caj)e of Good Hope, Ceylon, Dominica, 
Falkland Islands, Gambia River, Gibraltar, Gold Coa.st, 
Grenada, Hong Kong, Jamaica, Labuaii, Lagos, Lower 
Canada (otherwise Quebec), Malta, Mauritius, Montserrat, 
Natal, Nevis, New Brunswick, Newfoundland, New South 
Wales, New Zealand, Nova Scotia (otherwise Halifax), 
Prince Edward Island, Queensland, Saint Christopher, 
Saint Helena, Saint Lucia, Saint Vincent, Sierra Leone, 
South Australia, Tasmania, Tobago, Trinidad, Vancouver’s 
Island, Victoria, Virgin Islands (otherwise Tortola), 
Western Australia. By the Act of 1867 one for the 
Straits Settlements was added. These courts have been 
regulated from time to time by the following statutes: 



ADMIRALTY JURISDICTION 


86 

2 Will. IV. c. 51, 26 Viet. c. 24 already cited, and 
30 and 31 Viet. c. 45. In 1890 the Colonial Courts 
of Admiralty Act provided that, cxcej)t in the colonies 
of New South Wales, Victoria, Saint Helena, and British 
Honduras, Vice - Admiralty Courts should he abolished, 
and a substitution made of Colonial Courts of Admiralty. 
There is power, however, reserved to the Crown to erect 
through the Admiralty in any British possession any Vice- 
Admiralty Court, except in India or any British possession 
having a representative legislature. No Vice- Admiralty 
Court so established can exercise any jurisdiction except for 
some purpose relating to prize, the royal navy, the slave 
trade, foreign enlistment, Pacific Islanders’ protection, and 
ejur'stions relating to treaties or conventions on inter- 
national law. Vice-Admiralty Courts exercised all usual 
Admiralty jurisdiction, and in addition a certain revenue 
jurisdiction, and jurisdiction over matters of slave tratle 
and prize (royal navy) and under the Pacific Islanders’ 
Protection Act. The appeal from Vice- Admiralty Courts 
used to lie to the High Court of Admiralty of England, 
but has been transferred to the King in Council. 

Modern statutes have given A<lniiralty jurisdiction to 
the county courts in the following matters : — Salvage, 
where the value of the salved property does not 
CoartM. exceed £1000, or the claim for reward £300; 

towage, necessaries, and wages, where the claim 
does not exceed £150 ; claims for damage to cargo, or 
by collision, up to £.300 (and for sums above these 
prescribed limits by agro,oinent between the parties) ; 
and claims arising out of breaches of charter parties and 
other contracts for carriages of goods in foreign ships, or 
torts in respect thereof up to £300. This jurisdiction is 
restricted to subjects over which jurisdiction wa.s possessed 
by the High Court of Admiralty at the time when the first 
of theso Acts was ])asscd, ex<'ept as regards the last branch 
of it (The “Aline,” 18H0, 5 Ex. Div. 227 ; Jier/. v. 
of Citt/ of Lomha Courts 1892, 1 Q.B. 272). In analogy 
with the county court Admiialty jurisdiction created in 
Englanii, a limited Admiralty jurisdiction has been given 
in Ireland to the recorders of certain boroughs and the 
chairmen of certain Quarter Sessions ; and in salvage cases, 
where a county court in England would have jurisdiction, 
magistrates, recorders, and chairmen of Quarter {Sessions 
may have jurisdiction as ollicial arbitrators (57 and 58 
Viet. c. 60, § 547). In Scotland, Admiralty suits in cases 
not exceeding the value of £25 are exclusively tried in the 
Sheriff’s Court ; while over tliat limit the Sheriff’s Court 
and the Court of Session have concurrent jurisdiction. 

By the Act 1 and 2 (leo IV. c. 76, an arbitral juiisdic- 
tion in cases of salvage was given to certain comiuissioners 
of the Cinque Ports. 

The ap)>eal from county courts and commissioners 
is to the High Court of .lustice, and is exercised by a 
divisional court of the Probate, Divorce, and 
^ ' Admiralty Division. In cases arising witliin the 

Cinque Ports there is an fiptional apjieal to the Admiralty 
Court of the Cinque Ports. ’J’lie appeal from the High 
Court of Justice is in ordinary Admiralty matters, as in 
others, to the Court of Apjical, and from thence to the 
House of Lords. But it is specially provided by the 
Judicature Act 1891, as it was by the Prize Act 1864, 
that the appeal in prize cases shall be to the Sovereign in | 
Council. 

The unfortunate provisions of the Legislature, giving 
to the jurisdiction of county courts different money limits 
111 Admiralty, Equity, and Common Law cases, make the 
distinction between cases coming under the Admiralty 
jurisdiction and other civil cases of practical moment in 
those courts. Arguments full of learning and research 
have been addressed to the courts, and weighty decisions 


I have been given, upon questions which would never have 
arisen if the county courts had not a larger money area 
of jurisdiction in Admiralty cases than they Igive 
in other matters {Reg* v. Judge of City of London 
Cowrt, 1892, 1 Q.B. 273; The “Zeta," 1893, 

App, Cos, 468). But as regards the high courts, whether 
in England, Scotland, or Ireland, it is not now neces- 
sary to distinguish their civil Admiralty jurisdiction 
from their ordinary civil jurisdiction, except for the pur- 
pose of seeing whether there can or cannot be process in 
rem. Not that every Admiralty action can of right be 
brought in rem^ but that no process in rem lies at the suit 
of a subject unless it be for a matter of Admiralty juris- 
diction — one, for instance, that could in England have been 
tried in the High Court of Admiralty. Now these matters 
of Admiralty jurisdiction with process in rem range them- 
selves under four primary and four supplementary heads. 
The four j>rimary are damage, salvage, bottomry, wages ; 
and the four supplementary are extensions due to one or 
other of the statutes 3 and 4 Viet. c. 65, and 24 Viet, 
c. 10. They are damage to cargo carried in a ship, neces- 
saries supplied to a ship, mortgage of ship, and master’s 
claim for wages and disbursements on account of a ship. 
In all these cases, jirimary and secondary, the process of 
which a plaintiff can avail himself for redress, may be 
either in persoiuim as in other civil suits, or by arrest of the 
ship, and, in cases of salvage and bottomry, the cargo. 
Whenever, also, the ship can be arrested, any freight duo 
can also be attached, by arrest of the cargo to the extent 
only of the freight which it has to pay. Fot the purpose 
of as(‘ertaining whether or not process in rem would lie, 
there have been distinctions as nice, and the line of Ad- 
miralty jurisdiction has been drawn as carefully, as in 
the cases of the Admiralty lurisdiction of the county 
courts (The “Theta,” 1894, Rmh, 280; The “Gas Float 
Whitton,” 1897, App, Cas, 337). There have been 
similar questions raised in the United States, from Le 
Lovio V. Bait (1815, 2 Gallison, 398), and Rarmay v. 
Alleyre (1827, 12 Wheaton, 61 1), down to the quite modern 
cases which will be found quoted in the arguments and 
judgments in the “ Float WJiitton.” 

The disciplinary jurisdiction at one time exercised by the 
Admiralty Court, over both the royal navy and merchant 
vessels, may bo said to be obsolete in time of 
])eace, the last remnant of it being suits against 
merchantmen for flying flags appnipriate to men- 
of-war (The “Minerva,” 1800, 3 C. Hob. 31), a matter 
now more effectively provided against by the Merchant 
Shipping Act, 1894, In time of war, however, it was 
exercised in some instances as long as the Admiralty Court 
lasted, and is now in consequence exercisable by the High 
Court of Justice (see below). It was, perhaps, 

in consequence of its ancient disciplinary jurisdiction that 
the Admiralty Court was made, and the High Court of 
Justice now is, the court to enforce certain portions of the 
Foreign Enlistment Act, 1870. 

Filially, ajipeals from decisions of courts of enquiry, 
under the Merchant Shipping Act, cancelling or suspend- 
ing the certificates of officers in the merchant service, may 
be made to the Probate, Divorce, and Admiralty Division 
of the High Court of Justice. 

The Admiralty jurisdiction in criminal matters extends 
over all crimes committed on board British ships on sea or 
tidal waters, even though such tidal waters be 
well within foreign territory {Reg, v. Anderson^ Crimiami 
1868, L.Il. 1 C.e.R. 161), hnt not over crimes 
committed on board foreign vessels upon the high seas 
{Reg. V. •1845, 1 Denison C.C,, 104). Whether 

it extended over crimes committed on foreign ships within 
territorial waters of the United Kingdom, and whether a 
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sgone of three miles round the shores of the United King- 
dom was for such purpose territorial water, were the great 
questions rais%i in Ueg. v, Ktyn (The “ Franconia,’* L.11. 

2 Ex. Div. 126), and decided in the negative by the 
majority of the judges, rightly, as the writer of this article 
respectfully thinks. Since then, however, the Legislature 
has brought these waters within the jurisdiction of the 
AdmiwJty by 41 and 42 Viet. c. 73. Section 2 runs as 
follows ; “ An offence committed by a person, whether he 
is or is not a British subject, on the open sea within the 
territorial waters of British dominions, is an offence within 
the jurisdiction of the admiral, although it may have been 
committed on board or by means of a foreign ship, and the 
person who committed such offence may be arrested, tried, 
and punished accordingly.” By § 7 the “jurisdiction of 
the admiral ” is defined as “ including the jurisdiction of 
the Admiralty of England or Ireland, or either of such 
jurisdictions as used in any Act of I’arliament ; and for 
the purpose of arresting any person charged with an offence 
declared by this Act to be within the jurisdiction of the 
admiral, the territorial waters adjacent to the United King- 
dom, or any other part of Her Majesty’s dominions, shall 
be deemed to be within the jurisdiction of any judge, magis- 
trate, or officer.” And “ territorial waters of Her Majesty’s 
dominions” are defined as “in reference to the sea, mean- 
ing such part of the sea adjacent to the coast of the United 
l^ingdom, or the coast of some other part of Her Majesty’s 
dominions, as is deemed by international law to he within 
the territorial sovereignty of Her Majesty; and for the 
purpo.se of any offence declared this Act to be within 
the jurisdiction of the admiral, any part of the oi)en sea 
within one marine league of the coast, measured from low- 
water mark, shall be deemed to be open sea within the 
territorial waters of Her Majesty’s dominions.” As to 
lho.se portions of the sea and tidal waters which, by reason 
of their partially land-locked positions, are deemed to be 
111 the body of a county, there is not Admiralty jurisdic- 
tion, but crimes aro tried as if they were committed on 
land within the same county. 

Pirates, whatever fiag tlicy pretended to fly, were, from 
1360 onwards, wherever their crimes were committed, 
subject to the Admiralty jurisdiction. The criminal juris- 
diction of the Admiralty was first exercised by the High 
Oourt of Admiralty ; and then, by virtue of 28 Hen. Vill. 
c. 15, transferred to coiiimi.ssioners appointed under the 
grtiat seal, among whtim were to be the admiral or 
adrniiuls, his or their deputies. Admiralty sessions were 
held for this purpo.se till 1834. Admiralty criminal juris- 
diction is now, by virtue of the series of statutes 39 Oeo. 
JIl. c. 37, 4 and 5 Will. IV. c. 36, 7 and 8 Viet. c. 2, and 
the criminal law consolidation Acts passed in 24 and 25 
Vict. c. 1, exercised by the Central Criminal Court and by 
the ordinary courts of assize. Special provision for trial 
in the colonies of offences committed at sea has been made 
by 11 and 12 Will. HI. c. 7, 46 Geo. III. c. 54, and 12 
and 13 Vict. c. 96. 

The Admiralty Court had jurisdiction in matters of 
prize from very early times; and although since the 
middle of the 17th century the imiawie^ or ordinary 
PHge jurisdiction of the court, has been kept 

distinct from the jurisdiction, they were 

originally both administered and regarded as being within 
the ordinary jurisdiction of the Lord High Admiral. The 
early record of the Admiralty show that the origin of the 
prize jurisdiction is to be traced to the power given to the 
court of the admiral to try cases of piracy and “spoil,” 
i.e.y captures of foreign ships by English ships. The 
^rliest recorded case of spoil tried before the sdmlral is 
in 1357, when the goods of a Portuguese subject, taken 
at sea by Englishmen from a French ship which had 
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previously spoiled a Portuguese, were awarded by the 
admiral as good prize to the English captors; and 
Edward III. in a letter to the king of Portugal answering 
a complaint on the subject gives the admirars decision 
as a reason for refusing their restoration. During the 
16th century a very large part of the business of the 
Admiralty Court related to spoil and piracy, and the Privy 
Council often directed the judge of the court how to deal 
with the spod coses, with regard to which foreigners who 
had suffered from attacks by English ships made petition 
for redress to the admiral or the council. The spoil suit at 
this time (catiaa gpoUi) was a civil proceeding resulting in a 
decree ab»olutoria^ dismissing the defendant, or cmidemm- 
toria^ ordering restoration to be made by him. In 1585 
the patent of Howard, the Lord High Admiral, authorized 
him to issue letters of rej>risal against Si)ain ; and an Order 
in Council regulating the conduct of those to whom such 
letters were issued, provided by an additional article (1589) 
that all prizes were to bo brought in without breaking of 
bulk for adjudication by the Admiralty Court. The court 
was also resorted to at this time by captors, sailing under 
commissions granted by the allies of England, such as the 
king of France and the Dutch. About the middle of 
the 17th century separate sittings of the Court for In- 
stance and Prize business began, perhaps because of the 
conflicting claims to droiU of Charles 11. and the duke of 
York as Lord High Admiral; and privateering under 
royal commission took the ])lace of the former irregular 
“spoiling.” The account which Lord Mansfield gave of 
the records of the Admiralty Court, that there were no 
j)rize act books earlier than 1641, or prize sentences earlier 
than 1648, and that before 1690 the records were in con- 
fusion, must be qualified by the fact that there are in 
existence prize sentences (on paper, not parchment) as 
early as 1589. 

Although the courts of Common Law hardly ever seem 
to have interfered with or disputed the Admiralty prize 
jurisdiction, its exclusive nature was not finally admitted 
till 1782; but long previously royal ordinances (1512, 
1602) and statutes (13 Car. II. c. 9, giving an alternative 
of commissioners, 22 and 23 Car. II. c. 11, 6 Anne, c. 13) 
had given the Admiralty Court the only express jurisdiction 
over prize. The same statute of Anne, and 13 Geo. II c. 4, 
and 17 Geo. II. c. 24, give jirize jurisdiction to any Court 
of Admiralty, and the C^ourts of Admiralty for the colonies 
and plantations in North America. 

It has been a disputed question whether the prize juris- 
diction of the court was inherent, 7.c., coming within the 
powers given by the general patent of the judge, in which 
no express mention of it is made, or whether it required a 
special commission, U})on this subject the judgment of 
Lord Mansfield in JAndo v. Rwlivey (1782, Dougl. 612), 
the judgment of Mr Justice Story in Dt Lovio v. Hod 
(1815, 2 Gallison, 398), and Mr Marsden’s Select Pleas 
of the Court of Admiralty (introduction), may be consulted. 
But the settled practice now and for a long time past has 
been for a special commission and w'arrant to be issued for 
this puri)ose. In connexion wdth this it is observable that 
in 1793 the Admiralty Court of Ireland claimed to exercise 
]irize jurisdiction under its general jjatent ; and it is said to 
have been the ofunion of Sir W. Wynne that the Admiralty 
of Scotland had a similar right (Brown, Civil Law of 
Admiralty^ vol. ii. 211, 212). Any jurisdiction of the 
Scottish Admiralty Court over j)rize of war was transferred 
to the English court by 6 Geo. IV. c. 120, § 57. As to the 
Irish 'court, by the Act of Union it was provided that 
there should remain in Ireland an Instance Court of Ad- 
miralty for the determination of causes civil and maritime 
only. 

In 1864 the constitution and j)rocediire of prize courts. 
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which had until then been prescribed by occasional Acts 
j)aHscd for each war as it arose, were for the first time 
made permanent by the Naval Prize Act, by which the 
High Court of Admiralty and every Admiralty or Vice- 
Admiralty Court, or any other court exercising admiralty 
jurisdiction in British dominions, if for the time being 
authorised to exercise prize jurisdiction, were made prize 
courts. The High Court of Admiralty was given jurisdiction 
throughout British dominions as a prize court, and, as 
such, power to enforce any order of a Vice- Admiralty 
prize court and the judicial committee of the Privy 
C'ouncil in prize appeals — this power mutaiis mutawHs 
being also given to Vice- Admiralty prize courts. An 
appeal was given from any prize court to the Sovereign in 
Council. Prize courts were given jurisdiction in cases of 
captures made in a land expoiiiiion or an expedition made 
conjointly with allied forces, and power to give prize 
salvage on recaptured sliijis and prize bounty; and a form 
of })rocedure was prescribed. 'Pbe High Court was also 
given exclusive jurisdiction as a prize court over questions 
of ransom and petitions of right in prize cases, and power 
to }>unish masters of shif>s uiidiT convoy disobeying orders 
or deserting convoy. Hy the Naval Discipline Act, 1866, 
j lower to award <lainages to convoyed ships exposed to 
danger by the fault of the officer in charge of the convoy 
was also given to the High Court. ITnder other 
statutes it liud power to try (juestions of booty of war 
when referred to it by the Oown, in tlie same way as 
prize causes, and claims of King\s ships for salvage on 
recaptures from pirates, which could be condemned as 
droitB of Admiralty, subject to the owner’s right to receive 
them on i laying one-eightli of the value, and also power 
to seize and restoie prizes catiture<l by belligerents in 
violation of British neutrality, or by a ship equipped in 
British ports contrary to British obligations of neutrality. 

All jurisdiction of the High Court of Admiralty has 
since passed to the High Court of Justice, which is made 
a prize court under the Naval Prize Act, with all the 
powers of the Aiirmralty CiJourt in that respect ; and all 
prize causes and matters within the jurisdiction of that 
court as a prize court are assigned to the Probate, l^ivorce, 
and Admiralty Division ; and an appeal from it as a 
prize court lies only to the King in Council (Judicature 
Acts, 1S7J and 1891). j 

By an Act of 1894 further provision is made for tlie 
constitution of jirize (;ourts in British possessions. A 
commission, warrant, or instruction from the (^rown or the 
Admiralty may bo issued at any time, even in peace ; and 
upon such issue, subject to instructions from the Crown, 
the viccvadmiral of the })ossessions on being satisfied by 
information from a Secretary of State that war has broken 
out between Creat Britain and a foreign State, may make 
proclamation to that effei^t, and the commission or warrant 
comes into effect. The commission or warrant may 
authorize a Vice-Admiralty Court or (^Jolonial Court of 
Admiralty to act as a prize court, or establish a Vice- 
Admiralty Court for tliat jmrposc, and may be revoked or 
altered at any time. The court is authorized to act as a 
prize court during the wai, and shall after its conclusion 
continue to act as such, and finally disfiosc of all matters 
and things arising during the war, including all penalties 
and forfeitures incurreii therein. Buies of court may 
also be made by Order in Council for regulating, subject to 
the Naval Prize Act, the procedure and ])ractice of prize 
courts under that Act, the duties and conduct of their 
offic^ers and practitioners, and the foes and costs therein 
(57 and 58 Viet. c. 39, §§ 2, 3). This latter power has been 
exercised ; and prize rules for the High Court of Justice 
and the Vice- Admiralty prize courts were framed in 1898 
(Statutory Ilulesand Orders, 1898). 


ADRIANOPLE 

United St(Ue$, — Jurisdiction in admiralty proceedings is 
exclusively vested in the federal courts of the United States. 
The remedy in admiralty is much more ex^nsive than in 
England (/nsunoncs Company v. Ihtnham^ 11 Wallace’s 
Jteports, 1). Where the common law affords another 
m^e of action, either can be pursued. The term admir- 
alty ” covers both civil and criminal causes, and is not 
limited to strictly maritime afiairs. The great lakes and 
rivers are subject to it equally with the sea ( United tStates 
lieviaed Staintes^ title LXX. chap. iii. ; 26 Statutes at 
Large^ 424). The test is not whether the waters are 
tidal, but whether they are navigable. A jury may be 
demanded in certain civil causes (see Revised Statutes, 
566). The States cannot create maritime liens, nor can 
State courts enforce them. States can create liens of a 
non-maritime character on vessels, and the United States 
Courts of Admimlty may enforce them by in rem pro- 
ceedings (The “ Glide,” 167 United States Reports, 606). 
A merchantman at sea occupies the position, as to jiroperty 
rights, of a fioating portion of the territory of the State to 
which he belongs {Crapo v. Kelly, 16 Wallace’s Reports, 
GIO). The English International Kules of 1880 were 
adopted by the United States in 1885. In the United 
States, waters are held to be within the body of a county 
though not so land-locked that objects can be distinctly 
seen by one looking from one shore to tlic other with the 
naked eye {^Manchester v. Massachusetts, 139 United States 
Rejxjrts, 240, 263). The District Court of the United 
States is its court of admiralty of original jurisdiction. 

AuTHoiiiTiKS.— -MAUsUKN’b Plcasof the Court of Admir- 

alty, Seldeu Society, London, 18S)2 and 1897. — Zoucn, Jurisdic- 
tion, of the Admiralty of Jkiiitjla.ml asserted. — RomssoN, Collec- 
tanea Marxivtna , — Hiiown, Admiralty. — Edwakdes, Admiralty . — 
PiiiixiMous, International Law, \ol. iii. 

(w. G. F. r. ; s. K, B.) 

Admiralty Islands. See Nkw Guinea. 

AdonI, a town of British India, in the Bellary district 
of Madras, 307 miles from Madras by rail. Las manufactures 
of carpets, silk, and cotton goods, and three factories for 
ginning and pressing cotton. The hill-fort above, now in 
ruins, was an iinpirtaiit scat of govermnent in Mahomiuedan 
times, and is frequently mentioned in the wars of the 1 8th 
century. PopuLiLion, about 26,000. 

AdOWa, or Adua. See Abyssinia. 

Adrar. Sec Sahara. 

Adriaili a city of Michigan, U.S.A., the ca]iitiil of 
Lenawee county, situated on the south branch of Baislu 
river, in the southern part of thi‘ state, 30 mih's north- 
west of Toledo, at an altitude of 810 feet. Its plan is 
somewhat irregular; it is divided into five wards; and it 
is entered by three mil ways. Adrian college is a well- 
known Methodist institution. The population in 1880 
was 7849; in 1890 it was 8756, and in 1900 it was 
9654. 

AdrlanoplOp a city of European Turkey, 141 
miles W.N.W. of Constantinople. It suffered heavily by 
the Bussian occupation in 1878, not only through the dis- 
location of its commerce, but also through the extensive 
emigration to Asia Minor of the Mahommedau lower 
classes — a movement which so diminished the labour 
power of the province that agriculture, its staple industry , 
was pamlysed, and a large area of land fell out of culti- 
vation. This mischief was partially remedied after the 
annexation (1885) of Eastern Kumelia to Bulgaria, when 
a large proportion of the Mahommedan inhabitants of the 
detached province came to settle in and around Adrianople ; 
but this advantage was more than counterbalanced by 
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other coneequenceB of the territorial change. In 1892, 
when the laet census was taken, the population numbered 
85,780. Littlq reliance, however, can be placed on a 
Turkish census^ the hgures of which arc always exagger- 
ated. The most competent residents estimate the present 
(1901) population at between 66,000 and 70,000. In point 
of structure Adrianople is thoroughly oriental — mass of 
mean, irregular wooden buildings, threaded by narrow 
tortuous streets, with a sprinkling of edifices of superior 
class. Of these the most important are the Idadieh school, 
the school of arts and crafts, the Jewish communal school ; 
the Greek college, Zappeion ; the Inqierial Ottoman llank 
and Tobacco Regie, a fire-tower, a theatre, palaces for the 
prefect of the city, the administrative staff of the 2nd 
Army Corps, and the defence works commission, a hand- 
some row of barracks, a military hospital, and a French 
hospital. All these are sightly structures; but they 
make little show amid their squalid surroundings. 

Adrianople has five faubourgH, of which Kirotchhane and 
Yilderim are on the left bank of the Maritxa, and Kirdjik stands 
on a hill overlooking the city. The two last-named are oxclnsively 
(ireek, but a large proportion of the inhabitants of Kiretchhan^ is 
Bulgarian. Those three suburbs — as well as the little hamlet of 
Demirtash, containing about 300 houses all occupied by Bulgars — 
are all built in the native fashion ; but the fifth sui)urb, Karagatch, 
which is on the right bank of the Maritza, and occupies the region 
between the railway station and the city, is western in its design, 
consisting of detached residences in gardens, many of thorn hand- 
some villas and all of them comely structures of modern European 
typo. In all the communities schools have multiplied, but the 
new seminaries are of the old non -progressive ty|)e. The only 
exception is the Hamidieh school for hpys — a government insti- 
tution which takes both boarders and day-scholars. liike the 
Lyceum of Galata Sorai in Constantinople, it has two sets of 
professors, Turkish and French, and a full course of education in 
each language, the pupils following both courses. The several 
communities have each their own charitable institutions, the Jews 
being specially well endowed in this respect. The Creeks have a 
literary syllogos, and there is a well -organized club to which 
members of all the native communities, os well as many foreigners 
belong. The economic condition of Adrianople — city and province 
— was much impaired by the war of 1877-78, and was just showing 
signs of recovery when the severance from it of Eastern Rumelia 
by a Customs cordon rendered the situation worse than ever. 
Theretofore Adrianople had been the commercial eiUrepdt for the 
whole of Thrace, as it had been also, prior to the war, for a largo 
proportion of the region between the Balkans and the Danube, 
now Bulmria. But the separation of Eastern Rumelia isolated 
Adrianojde, and transferred to Philippopolis at least two-thirds of 
its foreign trade whicli, as regards sea- uorue merchandise, is carried 
on through the port of Burghas. Sericulture, which prior to the 
war contributed largely to the prosperity of the town, sulfered 
severely for a time, but about 1890 it began to show signs of 
revival which gradually dovolopeld. In 1897 and 1898 the output 
of silk increaseil in a remarkable degree, and in 1899 the crop 
equalled those of tlie most prosperous jieriod which the silk 
industry has ever known in Adrianople. Unfortunately, the failure 
of the grain crops of the province in 1900 and in the four previous 
years almost neutralized the eiiect of those good silk liarvests on 
the general prosperity of the population. The production of clieeso 
continues steadily to iucreaso. During the last few years great 
pains have been bestowed upon the improvement and extension of 
the fortifioations, witli the object of rendering them impregnable. 
In tlie opinion of militaiy experts tins object has boon attained. 

(e. w.*) 

Adriatic. See Mediterranean. 

. Adulltilini a city ill the ^Mowland” of Judah, now 
Aid el-Ma, 7 miles north-east of Beit-Jibrin. The cave was 
near the city, and not near the Dead Sea. Ah a i>olitical 
expression the “ cave of Adullam ” first occurs in a Reform 
speech by Mr Bright in 1866. 

Adulteration . — So many difficulties had been 
met with in the operation of the Adulteration of Food 
Act 1872, referred to in the ninth edition of this work, 
together with the Act of 1860, that in 1874 a Select 
Parliamentary Committee was appointed, which, after 
hearing much evidence, reported that, while the Act 
liad done much good, it had at the same time inflicted 


considerable injury and enforced heavy and undeserved 
penalties upon some respectable tradesmen. “This ap- 
pears to have been mainly due to the want of a clear 
understanding as to what does and what does not consti- 
tute adulteration, and in some cases to the confiieting 
decisions and inexperience of the analysts. Your com- 
mittee are of opinion that the Act itself is defective and 
needs amendment.” The Act had been but very ])artially 
applied ; in most districts it had not been put into oj)era- 
tion at all, in many no analysts had Imcn appointed, in 
others no inspectors whose duty it would have been to 
purchase samples and submit them to the analysis for 
analysis. At that time but very few chemists had 
a competent knowledge of the composition of artich^s 
of food and of drink. The work in jirevious years had 
been carried on by amateurs, microscopists, and sensation- 
mongers, and no systematic steps had lieen taken to 
collect trustworthy analyses and to work out efficient 
and practicable methods of analysis. Upon the report of 
the Select Committee of 1874 the Sale of Food 
and Drugs Act 1875 was based, all previous 
Acts being repealed. This Act avoided the 
term “ adulteration ” altogether, and endeavoured to give 
a general definition of “food,” of “dnig,” and of 
oflbnces which would bring dealers in food and drugs into 
collision with the Act. The appointment of analysts was 
made incumbent upon the City of London, the vestries, 
all county quarter-sessions, and town councils of boroughs 
having a separate police establishment, and ius}>cctor3 
were empowered to collect samples for analysis. For the 
protection of the vendor such samples as were pureha.sed 
for analysis were to be offered to be divided into throe 
|)arts, one to be submitt(Hl to the analyst, the second to 
be given to the vendor to be dealt with by him as he 
might deem fit, whilst the third was to be retained by 
the purchasing ins^ioctor, and, at the discretion of the 
magistrates hearing any summons, to be submitted, in case 
of dispute, to the Commissioners of Inland Revenue for 
analysis by the chemical laboratory at Somerset House. 
The public analyst had to give a certificate to the person 
submitting any sample for analysis, which certificate was 
to lie taken as evidence of the facts therein stated, in order 
to render the proceedings as iiiex^iensive as possible. If 
the defendant in any prosecution proved to the satisfaction 
of the court that he had purchased the article under a 
warranty of genuineness, and that he sold it m the same 
state as when he purchased it, he was to be discharged 
from the {irosecution, but no jirovisiou was made that in 
that event the giver of the warranty should be proceeded 
against. For admixing injurioiw substances with food or 
drug a fine not exceeding X50 could be imposed, or, 
after a conviction for a first offence, imprisonment for a 
period not exceeding six mouths with hard labour. For 
any ordinary practice of sophistication the maximum fine 
was fixed at .£20. 

The general definition above referred to, contained in 
clause 6 of the Act, was couched in the following words : 
- - “No person shall soil to the prejudice of the 
purchaser any article of food or any drug which " 

is not of the uaturc, substance, and quality of 
the article demanded by such ]nirchaser ; provided that 
an offence shall not be deemed to be committed in the 
following cases : — (1) Where any matter or ingredient not 
injurious to health has been added to the fond or drug 
because the same is required for the production or pre- 
paration thereof as an article of commerce, in a state fit 
for carriage or consumption, and not fraudulently to 
increase the bulk, weight, or measure of the food or drug, 
or conceal the inferior quality thereof ; (2) where the food 
or drug is a iiroprietaiy medicine or is the subject of a 

ai.- 12 
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ill forco ; (3) where it is compounded in accordance 
with the demand of the purchaser; and (4) where the 
footl or drug is unavoidably mixed with some extraneous 
iiiattcT in the process of collection or prejiaration.*’ This 
clause soon gave rise to an immense amount of litigation, 
and already in 1879 it was found necessary to pass a 
short Anieiidnient Act, making it clear that if a purchase 
'Nvas cfTectc'd by an inspector with the intent to get the 
purchased sample analysed he was as much “ jirejudiced ” 
if obtaining a sophisticated article as a private ]>urchaser 
who jmrcliased an article for his own use and consump- 
tion. In the practical carrying out of the Act the chief 
ditliculty was soon found to consist in ascertaining whether 
any aiticle was “of the nature, substance, and quality 
demandetl by the purchaser.” This, on suiKirlicial con- 
sideration, seems to be a very simple matter. Thus, if a 
vendor sujjplies a customer w’lio demands “milk” with 
milk and water, or with milk from which a ])art of the i 
cream has been removed by skimming, it may a}»|)ear to 
be a very easy task to ascertain wln^ther the purchaser's 
<li*iiiaiid lias been com]»licd with or not. But the com- 
1 position of milk as yielded by the cow varies widely 
iiiahT different conditions, with the race and breed of the j 
anini.il, its food, state of health, the jieriod of lactation, 
the time of year, climate, iic. Thus, while a good Jersey 
cow might yield milk with 8 ]ier cent, of fat, a Dutch cow 
miglit have but lij r)r .3 ])er cent, of fat in its milk, and a 
great ]»ortion of tlu* fat from the former might be removed 
before it fell to the h‘vt»l of the latter. Were the analyst 
to insist u]»on a standard of fat equal to that present in 
the best milk, many, even the majority of, genuine samjiles 
would have to b(‘ eondem!U‘<l, whilt*, if he adopted the 
lowest recordi'd limit found in genuino milk, cream might 
be removed from almost all milk of normal nature, 
to the great damage ol farmers and of the public. 
Similarly, but not quite to the same degree, there is a 
vjiriation in tlie amount ol the other food -constituents of 
milk, the so called “ solids-not fat ” or non-fatty solids, from 
the quantity of \\liieli the analyst coiieliides whether 
water lias been {id<i(*d to tlie milk. It is obviously im- 
possible to differentiate betwiK'n the water which is 
natural to pure milk, and Avliieh constitutes the greater jiart 
of it, and between water that may hav(’, been fraudulently 
added to the article , but by the addition of water the 
constituents u]»on wliieli the lood-value of milk is de- 
pendent become de]»ressed, and the tli'pression is naturally 
in proportion to the (|uaiitity ol adde<l water. It required 
the united efforts of ]>ubbe analysts, wlio in 1875 founded 
the Society of Viiblie Analysts, to ascertain by many tens 
of thousands of analyses of sanqiles of milk the natural 
variation of the conquhsition of milk, and to fix reasonable 
and fair limits ai»plieable to ]»iive milk. The milk yielded 
by single cows varies wulidy, and it is almost impossible 
to statu the extremes, but the milk suiiplied to the public 
by vendors is almost invariably the mixed product of a 
herd, and extremes are uipiabzed by such mixing. A 
nionuinental record of th(' composition of mixed milk was 
made by Dr Paul \'ietli, who in lS9:i jmblished results of 
no less than 1 20,540 analyst's of genuine milk, showing that 
the average composition varied in such manner that the 
jMircentage of fat was highest in Sejiteinber, October, and 
Nov(‘mber, and low’est in Juno and July, while the pro- 
portion of “ solids-not-fat ” was subject to comparatively 
little variation, and that the numbers ado[>ted by public 
analysts previously, namely, 3 |)er cent, for fat and 8.5 iier 
cent, for solids-not-fat, >vere fair and etpii table. Further 
refi*rence will be found on this subject under the sub- 
heading “ Milk ” below. Similar ditticulties are met wuth 
in all other articles of food, and, in fact, with annually 
extending experience, wider and wider variations in com- 
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position have beon found, continually adding to the diffi* 
cultv of arriving at a fair conclusion upon the basis of 
analysis. It may be said that a purchaser who obtains 
milk of extreme poverty, however untaiApered with, ia 
prejudiced, because he expects to obtain milk of at least 
average quality, but the Food Acts are intended to repress 
and punish fraud only. While, however, milk vendors at 
first strongly opposed the use of more or less arbitrary 
limits of composition insisted upon by the executive 
officers, they slowly recognized that both the interest of 
the public and their own required them, and of late the 
raising of the limits has been favourably looked upon by 
some of the largest milk-vendors. By law no limit or 
standard is recognized at the present time, but a com- 
mittee appointed by the Board of Agriculture have care- 
fully inquired into the matter, and have recently reported 
officially recommending limits for the composition of milk, 
setting at rest a question wiiich, since 1875, has given rise 
to a vast amount of labour and to numberless disputes. 

A curious condition of things arose out of the definition 
of “food ” as given in the Sale of Food Act 1875. “Tho 
term ‘ food * shall include every article used for food or 
drink by man, other than drugs or water.” It had been 
the x>ractice of bakers to add alum to the flour from which 
bread was manufactured, in order to whiten the bread and 
to permit the use of damaged and discoloured flour. This 
practice hod beon strongly condemned as early as the 
middle of the century by Liebig, as rendering the bread 
indigestible and injurious to health. Very shortly after 
the passing of the Fo^id Act this objectionable i>racticc 
disax^peared, and aluined bread now no longer occurs. A 
large trade, however, continued to be carried on in baking 
X^owders consisting of alum and sodium bicarbonate, 
mainly used in private households. It was naturally 
thought that, as baking jiowder is sold with the obvious 
intention tlrnt it may enter into food, the vendors could 
also bo x>roceeded against and the noxious trade stamped 
out. A strongly contested case having come before tin* 
High Court {Jamies v. from the Swansea County 

Bench, it was held that baking ]>owcler was not an article 
of food, and that it was not an offence within the Food 
Acts to sell aluined Liking i>owder. Following this 
decision it was obvious that s]>ice.s, like ijejipcr, cayenne, 
&c., were also not articles of food, and a further amend- 
ment of the law became inevitable. Before referring to 
the xiassiug of the amended Act, which came into force in 
1899, consideration must, how^ever, be givcui to another 
fragment of i>ieccmeal legislation, the Margarine Act of 
1887. As early as the sixth decade of the 19th ceutiiiy 
substitutes for butter had been tried and had found a 
small market, mainly on the Continent. During the siege 
of Paris their manufacture received a iiow^erful imimlse, 
and soon after 1870 imitation-butter began to be ^ 
sold in increasing (luantities under the name of 
“butterine.” This consisted of the softer portion of beef 
and other fats, coloured in imitation of butter, and 
churned with milk, often also flavoured with biitlei 
The chief seat of manufacture of the article was, as 
it still is, in Holland, the raw material coming mostly 
from the United States. Although imported as an 
article essentially different from butter, its axif^earance, 
consistency, and name invited its substitution for real 
butter at the hand of unscrupulous traders; and there 
is no doubt that immi'nse quantities of “butterine” 
were sold to the xmblic as butter, to the great damage of 
fanning and legitimate trade interests. Again a x^i^^rlia- 
meiitary committee sat and took evidence, and it w^as re- 
solved U) give a new name to the article, that of “ mar- 
garine ” (first gi^en by Chevreul to a substance isolated by 
him from fats in beautiful x>early crystals), and to comxx.d 
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the labelling and branding of all boxes and vessels in 
which the article was conveyed and stored, as well as the 
marking of the papers in which the retail dealer sold it, 
wuth the word ‘^margarine,” even mixtures of the substi- 
tute with real butter coming under that obligation. It 
was probably hoped that by these means the trade in 
butter-substitutes might be checked or destroyed, but the 
contrary hap^iened, the new name soon taking root, and 
the sale of the article increasing by leai>8 and bounds, in 
spite of the great rate of increase in the import of genuine 
butter. Thus the Margarine Act ran coryointly with the 
original Food Act of 1875 and the Amendment Act of 
1879. The result was a further increase in modifying 
decisions of High Courts and increasing difficulty in inter- 
preting the meaning of the Acts. Growing dissatisfaction 
was expressed by the vendors, wholesale and retail, and by 
the authorities who had to see the Acts enforced, and the 
outcome of much agitation was once more a i^arliamentary 
committee, appointed in 1894, and reappointed in 1896 
and 1897, voluminous evidence lieing taken and considered, 
resulting finally in a fourth Act, the Sale of Food and 
Drug^ Act 1899, again suixjrimposed over the three prior 
j)ieces of legislation. 
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As to the working of the highly complicated machinery 
thus created since 1st January 1900 it is yet too early to 
8peak, but of the beneficial results of the Sale of Food 


and Drugs Act 1875, broadly speaking, there cannot Ik* 
any doubt. The preceding table, taken from the Keiiort 
of the Local Government Board for 1900, shows clearly 
that the percentage of adulterated articles has steadily 
declined since 1877 from 19 i^er cent, of all samples 
analysed to 9 ]ier cent. 

The effect, gratifying as it is, would have l^een still 
greater if many towns and districts had not neglected, in 
sjute of pressure brought to bear ui)on them by 
Government and others, to put the Acts into 
o|)eration. The Acts coiniKd the authorities to Acta^ 
appoint analysts, but until the Act of 1899 no 
means existed to force unwilling councils to collect sainjtlc^s 
for analysis, or in many cases only so small and insig- 
nificant a number that food control was virtually non- 
existent. As far, however, as statistics are available, 
figures prove that in districts where the Acts are more or 
less feebly administered the proportion of adulteration 
is greater than in others that vigorously a])ply the legal 
means for reiiressing fraud. Thus in 1890, Somersetshire, 
working the Acts efficiently, took one sample for analysis 
per annum for every 379 inhabitants, and the percentage 
of adulterated articles found was only 3*6, or only about 
one third of the amount representing the average for the 
whole country. Gloucestershire, with one sample for 77D 
inhabitants, liad 6*2 per cent, of adulteration ; Hampshire, 
with one sample for 1224 inhabitants, 12*2 per cent. ; 
Derbyshire, with one sample for 3164 inhabitants, 17*1 
per cent.; Oxfordshire, with only one sample for 14,963, 
I no less than 41*7 per cent, of adulterated articles. Even 
i in 1899 no sam])les whatever were officially analysed in 
seven English boroughs, while within the jurisdiction nl 
six counties and seven boroughs, with a totil population 
of 60(),0()(), only 139 samples were analy^^ed during tlh‘ 
year, and in 65 other districts the jiroportion examined 
was less than was deemed sufficient by the Local Goverii- 
ment Board. The public authorities, at the same time, 
recognize in most cases the material public benefit 
conferred by the various enactments. In 1899, 5,3,()r)(» 
sam])1es veere examined by public analysts* 4970 were 
reported against, and proceedings w’ere instituted against 
3110 vendors -fines amounting to £6258 being imposed. 

The increased vigilance on the part of the public officers 
is met by an increased application of science to adultera- 
tion. Thus, for some years the substitution of 
margarine for butter, an unabashed fraud, 
common. The substitution, owing to advance 
in methods of chemical analysis, being readily 
discoverable since 1874 and jmnished, mixtures of butter 
wdtli gradually decreasing iKircentages of margarine were 
made and sold ; and at the ]>rcsent time large quantities 
of mixtures, containing not more than 8 to 10 per cent, 
of margarine, are freely imj>orted from abroad and sold as 
“warranted j>ure” butter, the mixing being done with 
the assistance of skilled chemists, wdio, knowing the eom- 
]>ositioii of the pure article, carefully let it dowm by the 
addition of margarine* to such a ]»oint that the mixture 
still posscjsses the characters of puie, though slightly 
abnormal butter, against w’hich proceedings could not be 
undertaken w*ith probability of conviction of the vendor. 
Margarine, specially adajited for this fraud, is made by 
Dutch manufacturers. In milk, similarly, the skilful 
vendor, knowing the natural variations of milk, dilutes 
or skims it to the exact point whicli experience has shown 
to render him reasonably safe from detection. The w*hole 
of the information contained in analytical literature, 
primarily for the benefit of the analyst, is available to the 
fmuduleut manufacturer, and no new j>rocess of analysis 
appears without immediate effort on the ])art of the 
mixer to circumvent and defeat it. Two practices w*hich 
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aro closoly akin to adulteration, if not actually Buch, 
have rauch engaged the attention of analysts during 
the lost few years — namely, the addition of chemical pre- 
servatives and of colouring matters to articles of food. 
Chemical preservatives are contained in imiiiy perishable 
articles — namely, sulphite of lime in Ixscr, syrups, meat, 
lime-juice, etc. ; salicylic acid sometimes in wines and 
often in jams ; fornnildehydo (formaline) in milk. But 
by far the most fre(iuently used materials are borax and 
boracic acid, almost universally j>resent in imported butter 
(with the exception of Danish butter), and in much that 
is imule in Great Britain, in cured ham, in fish, cream, and 
milk. A ]>roservative acts as a bactericide, and in no 
case is physiologiciilly inert, although the dose taken at a 
meal may not be suffici(‘nt to produce obvious effects. 
Medical opinion is, however, at ])rosent almost unanimous 
that the continual use of preservatives cannot fail to be 
injurious to the human system, and the increasing infant 
mortality in some towns is attributed to the fact that the 
milk used by the infants is now so frequently borated. 
A Committee a]»poiiited by the Hoard of Agriculture has 
been engtiged on this subject, but at the time of writing 
no report has yet been made jniblic. The emyiloyment of 
])reservative8 is justified by dealers in i>erishable articles 
l)y pointing to the difficulty which would otherwise bo 
experienced in colh*cting in distant countries food-materials 
like butter, shi]»j)ing th<*m to England, and distributing 
them to the imblic without loss of quality ; on tho other 
hand, modern means of ]>resorving foiMl, in cold-store, drc., 
aro being pointed to as fully suliicieiit to meet all wants 
without tho introduction of foreign matters. 

Colouring matters, quite harmless in themselves, are 
largely used at the present time in many articles of food 
and drink. Originally the use of a yellow dye in milk 
was due to a fraudulent motive, namely, to hide the 
blueness ]»roduccd by watering. Gradually the ]iublic, 
especially in Lomlon, became accustomed to see their 
milk of a distinct y<5llow tint, and all milk, even genuine 
milk free from added water, sold in London, is now 
coloured, generally with anatto, often with‘ aniline dye; 
and it woiiM bo almost iiiqiossible for a vendor to sell 
milk of its natural colour. Again, all butter sold in 
London and the. South of England is coloured yellow. 
Natural butter has often a very faint fawn tint, and the 
jmblic, educated to se,e butt(*r yellow, would not purchase 
such butter ; henee the now universal colouring adojited. 
The Food Act cannot cojie with this practice, as long as 
the object t)f colouring is not a fraudulent one and tho 
colour itself is harmless The colouring of preserved jieas 
by tho use of a little copper sul]»hate is on a different , 
basis, as tho cojiiier is considered liable to produce injury 
to health, and many vcuidors of coppered jjeas have been 
lined during recent y»‘ar.s ; yet the ])ublic object to pur- 
chase preserved jicas cd the natural brown colour. Jams 
are very frequently dyt‘d, and the brilliantly coloni-tid 
jams now sold owe. most of their colour to coal-tar dyes, 
which are often employed to hide the fa<;t that unrijie or 
inferior fruit has been used by the manufacturer. 

We will now consider recent forms of adulteration in 
specific articles, and the means adopted for their detection. 

Milk , — Although tho general qualitative conqioBition 
of milk has been known for very many years, all quanti- 
tative statements concerning the i»roportion of the several 
constituents published iKifore 1884 are affected with con- 
siderable errors. About 1872 Wauklyn showed that, 
although, as was well known, the percentage of the fat of 
milk was subject to very considerable fluctuation, when the 
})ercentage of milk-sugar, caseiiie, and other albuminoids 
and mineral water was added together, the “solids-not-fat” 
varied but little, and ho pro|>oBed to utilize that fact to 
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determine whether milk was genuine or had been impover- 
ished by the addition of water, — it being evident that 
water would diminish the percentage of solids-not-fat, the 
percentage of addition being readily calculated from the 
amount of the latter. Although the method of ascer- 
taining the proportion of solids-not-fat ” adopted by 
Wanklyn has been shown to bo somewhat erroneous, the 
jirinciple of analysis established by him has remained tho 
liasis upon which milk-analysis rests, and public analysts 
virtually adopted the limits proposed by him — viz., 2*5 
I>er cent, of fat and 9 per cent, of solids-not-fat. In 1884 
M. A. Adams showed, however, that the then usual method 
of analysis did not allow of the complete removal of the 
fat from the other milk-constituents, that therefore the 
proportion of fat had been underestimated, the amount of 
tho solids-not-fat being correspondingly too high. By the 
simple and ingenious ex|)edient of spreading a known 
volume of the milk to be analysed upon a long strip of 
blotting-paper and extracting the pap£*r together with the 
dried milk by a solvent, such as ether or benzene, the fat 
could be com])letely removed from all other constituents. 
After full investigation the Society of Public Analysts 
altered the limits, in accordance with the new discjovery, 
to 3 per cent, as a minimum for the fat and 8’5 per cent, 
for tho solids-not-fat. As the average composition of 
genuine milk, according to Vieth, is 4*1 jxjr cent, of fat, 
8*8 of solids-not'fat, and 12*9 per cent, of totel matt(*r 
other than water, it is obvious that the limits allow for a 
rtiasonablo deiMirture from tho average. The Board of 
Agriculture's Departmentel Committee has (juite recently 
issued a rejwrt, in which the following recommendations 
are made as to proportions of food constituents which 
should be present in milk. The percentage of total solids 
must not be less than 12, the jiroportion of solids-not-fat 
not less than 8*5 per cent., and that of fat at least 3*25. 
If tho amounts are smaller, a ))resumi>tion is raised, unh^ss 
the contrary is proved, that the milk is adulterated by 
skimming or watering. The recommendations of tho 
Committee are most valuable, as tending to the improve- 
ment in the breed of dairy cattle, and cows yielding 
milk poorer than the above will jirobably be weeded out 
and replaced by superior breeds. A number of means 
are now known allowing of tho complete analytical 
se|)aration of the fat oth(»r than the “Adams” method. 
The “galactometer”and “lactometer” instruments, referred 
to in the article in the ninth edition of this work, have 
long been abandoned. Other far more exact and more 
rapid means have been found to determine the composition 
of milk with a degree of accuracy sufficient for practical, 

' es})ecially daii’ying, purposes. As the fat of milk is its 
most valuable and most important constituent, it is of high 
importance to the butter-producer in jiarticular to know 
the exact proportion of the fat, jiartly in order to know 
that he obtains value for his money, and also to check 
the efficiency of the working of his appliances for separ- 
ating the cream — centrifugals being now universally em- 
ployed for that purpose. By centrifugal force alone the 
fat globules of milk do not coalesce into a layer of pure 
fat; if, however, an acid, like hydrochloric or sul]ihurie 
acid, be added to the milk in sufficient quantity prior to 
subjecting it to centrifugal force a clear layer of pure 
butter-fat seimrates, and if a measured quantity of milk 
be taken and the volume of the separated fat bo deter- 
mined, generally in a graduated glass-tube, the amount of 
fat in any sample of milk can bo arrived at in a few 
minutes. Upon this principle a number of instruments 
have been designed and render excellent service in the 
creamery and laboratory. As, moreover, a definite relation 
exists between the specific gravity of a milk and its 
contents in fat and solids-not-fat, it follows that tho 
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8])eci£c gravity of a milk being known and its contents in 
fat, the proportion of solids -not -fat can be calculated. 
l^'ormuliB for ^at end have been worked out by a niunber 
of chemists. An analysis of milk, showing the specific 
gravity, the i)ercentage of fat and that of solids-uot-fat 
can therefore now be made in as i(iany minutes as the 
hours formerly required, and in scientifically conducted 
dairies the price paid for the milk is regulated by the 
analytical data obtained. 

No forms of adulteration occur exce}>t the addition of 
water, the removal of cream (or its equivalent, the addi- 
tion of skim-milk), and, if adulteration it be, the addition 
of preservatives. All statements as to the occurrence of 
chalk and of sheep’s brains are fables. Although tlio 
addition of water is still a common form of adulteration, 
the i»ercentage of added water is mostly not greater than 
from 8 to 15, and the grosser and more impudent frauds 
commonly met with twenty years ago have ))ractically been 
stainptMl out. A number of the large dairies hui>plyiiig 
London and other large towns have fully equipi^ed labom- 
toncs, with a staff of highly trained chemists, analysing 
almost each churn of milk delivered by the farmers, 
adulteration being thus as completely prevented as pos- 
sible. Against the skimming of milk the means available 
are not so effective as those against watering, as the 
natural variation of the amount of fat is so considerable, 
])artially skimmed Jersey milk still containing as much 
fat as unaltered milk from lowland cattle. 

Blitter , — Since the introduction of margarine, frauds in 
the butter tra<le are exclusively confined to two kinds — 
namely, the substitution of nuxrgarine for and the addition 
of maigai-ine to butter, and the incoriioration or undue 
retention of water, lief erring firstly to the latter form 
of adulteration, it must be borne in mind that all butter 
contains water. ProiK^rly-made butter contains, as a rule, 
11 to 15 per cent. ; it is not practicable to remove a larger 
proportion by rolling or sipieezing, as the consistency of 
the butter suffers; 16 or at most 17 })er cent, of water 
may legitimately be present in good butter. If, however, 
the churning of the cre^uii is carried out at too high a 
temperature, an emulsion of water and butter is formed, 
containing as much as 30 or even 40 per cent, of water, 
causing the article to assume an ointment-like apiiearance. 
In properly-equi]>i^d dairii's, refrigeration of the cream, 
il needful, is adopted to reduce the teiiqierature of the 
cream in summer ; but in small and old-fashioned dairies, 
as in many of those in the West of Ireland, these means 
are not available, and Irish butter, therefore, often con- 
tains an excess of water, 25 per cent, and over. As in 
most cases magistrates liave declined to consider this 
as an adulteration, and often enough the lK»tty farmers 
are not to be blamed, the wilful introduction of water 
into butter has at times been carried out on an industrial 
sciile, and even at the present time much butter is sold 
which has been loaded with water up to 28 and more i»er 
cent., with of course good profit to the “ manufacturer.” 

Chemical differentiation between butter and butter-sub- 
stitutes, now called margarine, was unknown prior to 1873, 
when the writer, with A. Angell, published a method 
which readily allowed of such differentiation, and of the 
estimation of the proportions of butter-fat and other fat 
contained in a mixture, based upon the fact that while 
lats other than butter-fat (and cocoa-nut oil) contain 
about 95*5 ijer cent, of fatty acids insoluble in water, 
butter-fat contains a smaller quantity — namely, about 86 to 
^)er cent. — the difference being due to the presence of a 
corresponding amount of water-soluble fatty acids. Various 
modifications and simplifications of this principle have 
fiince been worked out, and the detection of margarine in 
butter, if present in substantial amount, has been rendered 
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easy and certain. In the case of butter, as in that of 
milk, the analyst has, however, to reckon with natural 
variations in the composition of the buttei-fat itself, and 
no means liave yet been discovered whereby jiercentagps 
smaller than 10 |)er cent, can be discovered with sufficient 
certainty to lead to tlie conviction of the vendors. It is 
a singular fact tliat while, as a lule, the composition of the 
butter-fat is almost independent of the food of the animal, 
under some conditions depending niaiuly U[)on the t>eriod 
of lactation, the composition of the fat undeigoes niateiial 
changes, so tliat a cow in the last stagi's of liuitation ma> 
yield milk, small in quantity, from which butter eaii U 
churned W'hich analyses as ii it w’(Me a iinxiuie of biitUi 
and margarine. Luckily it haj»peiis but randy in practice 
that all the cows of a whole herd bieoine “diy” at the 
same time ; hence the natural variation in coin2>osition 
equalizes itself as a rule. TIkto an*, hfJW'ever, a lew case.s 
on record, notably one carefully worked out by A. H. 
Allen, in w'hich butter was made under strict sui»ervision 
in Denmark from absolutel\ pure materials, yet analysi^d 
like a mixture. It is doubtful thereof oie whether adulteia- 
tiun of butter wdih small amount.s of maigaiine can ever 
be quite prevented by ciirtain discovciy, esi»ecially if the 
admixture is made, as in some ])aith of Holland, with the 
active aid of skilh‘d chi*mists. When it is considered that 
England imports abr)ut ten million i>ounds sterling woitli 
of butter ^ler annum, the immense inipoitance of pre\ out- 
ing substitution of maigariiie, of a])[iJoxiniately hall the 
price of butter, will be ajiparent. 

Some most ingenious instiuments ha\e been constructed, 
notably Abbe’s ref lactometer, with a view to oVdain by 
physical means data for discrimination between butter and 
mixtures. Molted butter-fat refracts light to a less degH*e 
than do butter-substitutes ; the instiurnent in question 
allows of the determination of the “index of refraction ” 
by the use of a mere droplet of the butter-fat, and is a 
most valuable tool in the Imnds of the chemist. 

dieese, — From America cheese has come into the English 
market, made from skim-milk winch has again Iieen pio- 
vided with fatty matter, generally emulsified niargarine- 
hence the term “ margarine chc*eM‘,” oi “ filled clR^t‘se a 
legitimate article if sbld with full disci osuie of its natuic, 
but one w’^hich readily lends itsilf to fraud. Cases of 
cheese-poisoning have Ih cii recorded, and a highly i>oison- 
ouK substance, teimed tyrotoxicon, has been exti acted from 
cheese by Vaughan. (‘c»mj>ounds of zinc and of lead have 
also been nii‘t with. 

Lard , — Between the years 1880 and 1890 a gigantic, 
fraudulent tiude in adulterated laid was carried on from 
America. A great pioportion of th(‘ American laid ini- 
]K>rted into England was found to consist of a mixture of 
more or less real Lard, with cotton-set'd oil and beef stearine 
Cotton-seed oil is one of thi* cheapest vegetable oils fit 
for human consumption ; beef-stearine, the bard residue 
obtained in the manufactuie of oleomargarine after the 
more fluid fat has been pressed out from the beef-fat. 
So skilfully w'ere the mixtures math* that foi some years 
their very existence es(?aped notice, until in 1888 a bill 
introduced in the American Senate to stop the inqiosture 
directed general attention to the matter, and eneigetic 
in(>asures by the food-officers quickly put a sto}* to it as 
affecting the United Kingdom. From the memorial jire- 
semted to the IT.S. Senati* in sujqjort of the bill, it 
ap^ieared that in about 1887 the annual production of 
lard in the States was estimated at 600 million pounds, 
of whicn more than 35 jier cent, were adulterated. During 
the last seven or eight years compounds have Wen made 
containing no lard or only a faint trace of lard. These 
com^Kmiids were sold as “refined lard,” “pure refined 
lard,” “choice refined lard,” “choice refined family lard,” 
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and other similar names. Professor Wiley, in his evidence 
on the subject, said that ** Messrs Armour and Co. state 
that they use from 59 to 75 jn^r cent, of lard in their 
mixtures, Fairbank from 50 to 75 jjer cent. The former 
firm use 75,000 barrels of cottoU'Seed oil, and make 60 
million pounds refined lard. 75,000 liarrels weigh 28 
million pounds : hc*nce the average proportion would be 
46 x^r cent, of cf>tton-8eed oil in the mixture ; but as from 
10 to 15 jKJi* cent, of beef-stearine are necessary to stiffen 
the mixture, the proportion of lard would be only about 
42 x>er cent.” 

Oils , — Since the article in the ninth edition of this 
work aiijjeared, enormous has been made 

in the chemical knowledge of fats and oils, and com- 
plicati^d mixtures of various oils can nf)w be satisfactorily 
analysed. Perhaps the most important step was taken by 
Allen and von lluebl, who showed that different fats and 
oils were capable of combining w^ith different xiercentages 
of bromine or iodine, the “ iodine -absorx>tiou” iium^r 
being characteristic for each class of oils — the olive-oil 
grouj) showing about 80-90 jier cent. ; the cotton-oil groux> 
about 105-110; linseed-oil, 160-170. This number, to- 
gt‘th(»T with a d(*termiriatu)n of the saponification -value 
(the amount of caustic alkali needed for comjdete 8ai>oni- 
fication), the tht*rinal rise with strong sulxihuric acid 
(Maumen(‘), or bromine (Hehner and Mitchell), the re- 
fraction of light and the sjiecific gravity, enable the 
analyst to form in most eases a close idea as to the nature 
of any sami>le under examination. The adulteration of 
oils has in consetxuence become far h‘ss. Cotton-seed oil 
and, latterly, the oil expressed from the maize germ (maize 
oil), are the most common fatty adulterants, but much 
use is also made in this direction of paraffin oils and n»sin 
•oil. So-called olive oil fre<[uently consists of a mixture 
•of olive oil, cotton -seed oil, earthimt (arachis) oil, and 
sesame-se(*<l oil, one or the other of these* lieing sometimes 
altogether substituted for genuine olive oil. Odourless 
paraffin hydrocarbons also enter into these adulterated 
articles. 

Pepper, —Some years ago ground olive -kernels were 
largely sohl fm* admixture with l>e]>per, under the name of 
“ poivrette.” They were easily recognizable on microscopic 
examination and the fraud did not live long. The older 
forms of adulteration (rice and other farinaceous meals) 
also still occur. 

Gimjev . — The more or less exhausted ginger resulting 
in the manufaetun* of ginger beer used until lately to be 
re-dried, ground, and mixed with fresh ginger — a great 
X)rox>ortion of comnu*rcial ground ginger consisting of so- 
called “spent” ginger. If exhausted by w^ater the pro- 
liortiou of the water-soluble constituents of ginger — if by 
alcohol, those of tin* alcohol-soluble ones — were reduced by 
the treatment, thus affording to the analyst guidance in 
coming to a judgment. Similar fraud exists in the case 
of aromatic substances fiom which valuable oils can Ih! 
extracted, the (*xhauste<l ground stuff being sold in atl- 
iiiixture wdth the genuine. 

Beer, - In 1899 an ob.scuro illness broke out in Dublin 
resembling the tropical diseaw*. “beri-beri.” Early in 
August 1900 a rai>id increase in the number of “ jK*rix)heral 
neuritis” cases, closely resembling the Dublin beri-lieri 
<‘ases, was observed in Lancashire. It soon became clear 
tliat there was some connexion between the drinking of l)e<T 
and the obscure disease ; and Dr. Ileynolds, Physician to 
the Royal Mauchcstt‘r Infirmary, on investigation found 
arsenic in the susxiected beer. This discovery caused an 
minense amount of attention to be given to beer. Traces 
ot arsenic were found in samxdes from many x»arts of the 
country; but the greatest amounts of arsenic (up to 1 
grain ]>er gallon, calculated as arsenious acid, lias been 


met with) were traced to the employment in a number of 
breweries of some starch-glucose that had been manu- 
factured by the aid of very impure, arsenical, sulphuric 
acid by a Lancashire firm. Numerous deaths were due to 
the drinking of such arsenicated beer. It was also soon 
discovered that much of the malt used by brewers con- 
tained ax>preciablo traces of arsenic, and in hops small 
traces were found. Malt and hoijs probably derive 
their arsenic from the fact that both are x>]*ex)ared by 
an antiquated process, the drying of both being effected 
by the gases and fumes which are given off by coke 
or anthmeite fires, these fumes x>^ssiug through the 
malt and ho]>, which absorb therefrom any arsenic that 
may be associated with the x^yrites occurring in all coal. 
Sulxffiur, often arsenical, is also sprinkled upon the fires 
to lighten the colour of malt or hop. All the worst 
cases, however, of arsenic in l^eer were due to arsenical 
glucose, iirex)ared by one firm. The use of glucose is 
IKjrfectly legal, the brewer having the statutory right 
to brew from whatever material he may deem projier, 
as long as he pays due revc*nue to the State — the revenue 
being levied upon the basis of the specific gravity of the 
wort, every liquor under the Customs and Inland H(*venue 
Act, 1885, being delined as beer, “which is made or sold 
as a description of bec'r, or as a substitute for beer, which 
on analysis of a sample thereof shall be found to contain 
more tkin 2 ]>cr cent, of x>roof s])irit.” The fact that 
arsc*nic was liable to oeeur in glucose and in beer w'as 
known as long ago as 1878, but no quantities in any way 
resembling those met* with in tlu* recent cases liail jire- 
viously been observed. Since the use of glucose has 
become general in brewing, otlu*r industrial users of 
sugar, princixmlly the manufacturers of sweetmeats, jams, 
and syru])8, have also largely eini>loy(*d glucosi*, mainly 
for the cheaxx*ning of their x^fodiicls. No doubt the 
strict supervision which will henci*forth be*. (*xercised over 
the x>urity of glucose -will render an occurrence such as 
that of beer-]>oisoning by arsenic unlikely in the future ; 
but a strong desire has l)ei*n aroused to (Imw a distinc- 
tion by Act of Parliament between beer made from malt 
and ho])s and such as may be pr(*j)ari'd from substitiitc.s. 

(O. 11.*) 

AdVSrtiSOlYlOntp or advertising, as the ])rocess 
of xmrcliasing publicity is now more commonly called, is of 
very recent origin if it be regarded as a serious acljunct 
to other x>ha8es of commercial activity. In some rudi- 
mentary form the seller’s ai)peal to the buyer must, how- 
ever, have accomi)anied the earliest develo])m€}ut of trade. 
Under conditions of x»rimitive barter, communities were so 
small that every x>roducer was in immediate x>ersonal con- 
tact with every consumer. As the primeval man\‘> wolfish 
auti{>athy to the stranger of another ])ack gradually 
diminished, and as intercourse sxiread the infection of 
larger desires, the trapi)er could no longer satisfy his 
more comjdicated wants by the mere exchange of his 
ixslts for his lowland neighbour’s corn and oil. A began 
to accept from B the commodity which he could in turn 
deliver to C, while C in exchange for IVs i>roduct ga\e to 
A what D had x>i'oduced and bartered to C. The mere 
statement of such a tiunsaction sufficiently XJrc«<Juts its 
clumsiness, and the use of primitive forms of coin soon 
simjilified the original x>roces8 of l>are barter. It is 
reasonable to suppose that as soon as the intrexiuction of 
currency marked the abandonment of direct relations 
between purchaser and consumer an informal system of 
advertisement in turn rose to meet the need of publicity. 
At first the offer, of the producer must have been brought 
to the trader’s attention, and the trader’s offer to the 
notice of the consumer, by casual x^ersonal contact, supple- 
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mented by local rumour. The gradual growth of markets 
4 ind their development into periodical fairs, to which 
merchants from distant places resorted, afforded, until 
printing was invented, the only means of extended 
Advertisement. In England, during the 3rd century, 
Stourbridge Fair attracted traders from abroad as well as 
from all parts of England, and it may be conjectured that 
the crying of wares Wore the booths on the banks of the 
Stour was the first form of advertisement which had any 
marked effect upon English commerce. As the fairs of 
the Middle Ages, with the tedious and hazarrlous journeys 
they involved, gradually gave place to a more convenient 
ay stem of trade, the 15th century brought the inven- 
tion of printing, and led the way to the modern develop- 
ment of advertising. The Americans, to whom the 
elaboration of newspai)er advertising is primarily due, had 
but just founded the first English-siieaking community in 
the Western homi8i)hero when the first newspaijer was 
published in England, But although the first i)eriodical 
publication containing news appeared in the month of 
May 1622, the first newsjiaiKjr advertisement does not 
seem to have been imblishcd until April 1647. It formed 
a part of No. 13 of Perfect Occurrenceii of Every Daie 
journall in Pnrlianmii^ nml otJwr MocUraie Intelligence y 
and it niad as follows ; — 

A Book applauded by the Clergy of Englamty called The Divine 
llujht of Chuich Govemvientj Collected by sundry eniiiieiii Ministei's 
ill the Citie of Loihdon; CoiTected and augmented in many places, 
with a hricfe Reply to certain Qiveriea against the Ministery of 
England ; Is printed and published for Joseph Huneent and George 
Caiirrtf and are to bo sold at the tStafiionci*8* Hall, and at the 
•Coldeii Fleece in the Old Change, 

.\mong the MercurieSy as the weekly newspaiiers of 
the day were called, was the Mercurius Elencticu8y and in 
its 4.'5th number, published on 4th October 1648, there 
appeared the following advertisement : -- 

The Reader is desired to pcnisc a Sermon, 

Kntituled A Looking-Glasse for Lcvclhre^ 

Preached at St. Peters, Paules Wharf, on Sunday, Sept. 24th 1648, 

hy Paul Knell, Mr, of Arts. Another Tract called A Keflex, 
vimi our Keforvurrst vnih a prayer for the Parliatnenl. 

In an issue of the Meirurius PoliticuSy jiublished by 
Marchinont Nedham, who is described in the ninth edition 
of the Encyclopitdia B'dtannica (see Newspapers, vol. 
x\ii p. 414) as “perhaps both tliealdest and the readiest 
man tliat had yet tried his hand at a newsiJai)er,” there 
ajipeaied in .lanuary 1652 an advertisement, which has 
oftem been erroneously cited as the first among new.s- 
pa])er advertisements. It read as follows : — 

Ircnodia Oratnlatonu, a lioroic |X)om, being a congratulatory 
jauegyiii'lv lor my Loid Geiieial’s leturn, bumming up his sue- 
cessos in an excpiisilo manner. To lie sold by John Holden, m 
tlie New Exchange, Loudon, l*rinted by Tliumas Ncwcourt, 1652. 

The article “ On the Advertising System,” imblished in 
the Eduiburgh Review for February 1843, contains the 
fullest account of early English advertising tliat has ever 
been given, and it has been very freely drawn upon by all 
^^^iters who have sincxj discussed the subject. But it 
ilesciibes this advertisement in the Mercurius Politicus 
as “the very first,” and the discovery of the two earlier 
instances above quoted was due to the researches of a 
<'ontributor to Eotes and Queries, 

In T/ie Crosby RecordSy the common] dace -books of 
M illiam Blundell, there is an interesting comment, dated 
1659, on the lack of advertising facilities at tliat iieriod — 

It would be veiy exfiedieiit if each ])arish or villaj^ might have 
some place, as the church or binitliy, wherein to publish (by papera 
posted up) the wants either of the buyer or the seller, as such a 
held to be let, such a servant, or such a service, to be had, &c. 

a book published in London weekly about the year 
io.)< which was wiled (as I remember) The PMwk Advice, It 
gave lufurmatiou in very many of these particulars. 
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A year later the same diarist says 

There is an office near the Old Exchange in London called the 
office of Publick Advice. From thence both printed and piivate 
information of this useful nature arc always to bo bail. But hat 
they print is no more than a leaf or less in a dimiial. I xsas m 
this office. The diurnal consisted of sixteen jiagcs quarto in 1689 

In No. 62 of the London Cazetfey jiublishcd in June 
1666, the first advertisement siqqJement wasannouiuvil 

An Advertisement — Being daily prest to the* Publu-atum of 
Books, Medicines, and other things not piupetly the husincb') of a 
Paper of Intelligence, This is to notific, once for all, that \\v w ill not 
charge the Gazette with Adveriisements, unless they bo inattii 
State : but that a Pa|»erof Advertisements will Im* foithuith piintod 
apart, A rcconinietided to the Publick by aiiothor hand 

In No. 94 of the same journal, jmblishcd in ()(*tf>bt*r 
1666, there ajqieared a suggestion that suffeicrs from the 
Great Fire should avail themselves of this means of 
liublicity — 

Such as have settled in new habitations since the late Fire, and 
desire for the coiiveiiionce of their correspondence to ]iublisli the 
place of their ]>resent abode, oi to give notice of GojmIs lost or 
found, may rejiair to the corner House iu Bloomsbuiv on tlie K.ist 
Side of the Great Squaie, before the House of the Right Honourable 
the Lord Treasurer, wheie there is caie taken ku tlie and 

Publication of such Advertisements. 

The earlier advertiainnonts, with the exce])tion of formal 
notices, seem to have been ooncerned exclusively witli 
either books or quack remedies. The first trade 
tisement, w'hich does not fall within either of these cate- 
gories, was curiously enough the first advertisement ot 
a new commodity, tea. The ninth edition of the Evn/rb^ 
pmditt Britannica (see Tea, vol xxiii. ]>. 101) quotes this 
advertisement from the Mtrcuriiui Politicu'^y No 43.5, for 
September 1658 — 

That excellent and by all Physitians a]>))ru\ed China Dunk, 
called by tlie ChineaiiH Tc1t4i, by otlier nations Tapy alias 7t-r, 
is sold at the SiiltanesB Head, a co]»liee-house in Sweetings Rents, 
by the Royal Exeluingi*, London. 

The history of slavery, of jirivateering, and of many 
other curious incidents and cjiisodes ot English histoiy 
during the 17 th and 18th ctmturies, might be tiaced 
by examination of the antiquated advertiseineiits whicJi 
writers upon such subjects have already collected. In 
onier that s])ace inay lie found for some consideration 
of the practical aspects of modern advertising, the lii.s- 
cussion of its gradual develojiment must be curtailed 
Nor is it uecessaiy^ to jiud’ace this consideration by any 
laboured statement of the inqiortaiice which ad\erti.‘'iiig 
has assumed 

It is a matter of common knowledge that several bu.sines.s 
houses are to be found in Great Britain, and a larger 
number in the United {States, who si)eud not le.s.s than 
^50,000 a ye^r in adverti.sing, w bile one ]»atcnt medieiuo 
company, o]>crating both iu England and the Ignited 
States, has proliably sjient not less tliau £200,000 in 
Greut Britain in one year, and an English cocoa manu- 
facturer is su])posed to liave .s]»ent £150,000 in Great 
Britain. Some of the best w’orks of artists as distin- 
guished as Sir Johu Millais, Professor Herkoincr, and ]Sfr. 
Stacy Marks, have lieen scatteieil broadcast by advertisers. 
The purchase of Sir John Millais’ ])i<*ture “ Bubble's ” for 
£2200 by the jiroinictors of a well-known brand of soap, 
is probably the most remarkable instance of tlie cxiieuditiirc 
in this direction w^hich an advertiser may find ]>rofit- 
able. There are in London alone more than 350 advertis- 
ing agents, of whom ujiw’aids of a hundred are known as 
men in a considerable wuy of bii.sine.ss. Tlie stateiiiciits 
which from time to time find currency in the new'si).aj>cis 
with regard to the total amount of money annually sjient 
upon advertising in Great Britain and in tlie Ignited 
States are necessarily no better than conjectures, but no 



96 ADVERT 

dc‘ tailed statisticH are niquirod in order to demonstrate 
what every reader can plainly sec for himself, that adver- 
tising has definitely assumed its jiosition as a serious held 
of commercial enterprise. 

Advertising, as pmetised at the beginning of the 20th 
century, may l>e divided into three general classes : — 

1. Advertising in i>eriodieal })ubUcationa 

2. Advertising by posters, sign-boards (other than those 
placed upon ijreinises where tlie advertised business is 
conducted), tmnsfnirencics, and similar devicjes. 

li. Circulars, stuit in quantities to si»ocific elasscis of 
])ersonH to whom the lulvertiser s|>ceially desired to udilress 
iiifiisclf. 

It may be noted at the outset that advcrti.siiig in 
j)tTiodieal ]Mibli(!iitions cxenuw's a reflex inlliience ui»on 
these publications. The daily, \veekly, and monthly 
]>u]>li(yitifms of the clay are acc:u.stome(l to look to adver- 
tisements for so large a part of their revenue that the 
jiurchaser of a pcriocliciil ]iublicatiori r(‘ceives much greater 
value for his money than he eould reascniably exjiect from 
the publisher if the aggregate advertising receipts did not 
constitute a poriwtual sui)sidy to the ])nl>lisher. It is not 
to be siip]»o.si^d, however, that llic* recei])ts from the sjile 
of a ]iapcir eover all its (»x)^ons(»s and that the advertising 
revenue is all eleiir profit. The average newspajKir reader 
would be atnaxed if lu^ knciw at how grc*at a cost the 
day’s news is laid Ixjfore him. A dignified journal displays 
no inclinaticm to cry from the housetojis the vastness of 
its expenditure, but fiom time to time an accident enables 
the public to obtain intormatioii in this connexion. The 
evidence taken by a recent Ck)py right Commission disclosed 
that the expenditure of the leading English journal upon 
foreign new.s aloiu! amounted to more than ^£50,000 in the 
course of one yc^ir, and tJiat a year not characterized by any 
great war to swell the ordinary volume of cable des|)atches. 

In the case of daily pajHirs sold at the minimuni 
price, it is not Iciss obvious tliat tlio costliness of news 
scrvic(i renders atlvertising revenue indisjiensable, for 
although these less imjiorlant journals s|H*nd less money, 
the jiriee at whicJi they are supjilied to the newsagents is 
very small in proportion to the cost of their production. 
If, however, tins thought. l)c pursued to its logical con- 
clusion, tlu* advertiscji* must admit that he in turn recem»s, : 
from those* among newspa]»cr readers who purchase? his 
wares, jirices sutficieiitly high to cover the cost of his 
advertising. So tliat tlie reader is m the curious position 
of directly )»aying a certain ])rice for his newsiiajicr, 
receiving a newspaper faiily woith more than that price, 
while this price is siippleuieuted by the indirect incidence 
ol a sort of tax uikiii many of the conniioditu's he 
consumes On the other hand, a groat ]>art of the 
advertisements in a daily newspaper have themselves an 
interest and utility imt less than tliat possessed by the 
news. The man who desii-es to hire a house turns to the 
classified lists wliich the lu'wspaper publishes day after 
ilay, and servants and employers find one another by the 
same means. Tin* theatn<‘4il annonneements are so much 
a part of the news that even il a journal were not jiaid 
for their insertion they could not l)o altogether omitted 
without inconvenience to the ixadcr. In the main, how- 
ever, it is the adv(iitisi*r wlio sc'oks the reader, not the 
nsader who seeks the advertiser, ami the care with which 
advertisements are t)re])ared, and tlu^ certainty with which 
the success or failure of a trader inny be traced to liis 
skill or want of skill as an advertiser, show that the 
projxsr use of advertising is one of the most indisjieneable 
branches f>f commercial tmining. 

Before discussing in detail the methods of advertising 
in periodical publications it may bo well to complete, for 
the use of the general reader, a brief survey of the whole 
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subject by examining the two other classes of advertise- 
ment. The most enthusiastic partisan of advertising will 
admit that posters and similar devices are very 
generally regarded by the public as sources of PotUrmnd 
annoyance. A bold headline or a conspicuous 
illustration in a ncwsjiaper advertisement may 
for a moment force itself upon the reader’s attention. In 
the French, and in some English newspapers, where an 
advertisement is often given the form of an item of news, 
the reader is distressed by the constant fear of being 
hoodwinked. Ho begins to read an account of a street 
accident, and finds at the end of the paragraph a puff of 
a ])anacea for bruises. ’Phe l>cst English and American 
journals have refustsd to lend themselves to this sort of 
trickery, and in no one of the best journals printed in the 
English language will there Ixj found an advertisement 
wliich is not so plainly differentiated from news matter 
that the reader may avoid it if he sees fit to do so. On 
the wliole, then, iiew'spa])er advertisements ask, but do 
not comiKsl attention. Tlie whole theory of jicster adver- 
tising is, on the other hand, one of tyiunny. The adver- 
tiser who pays for space iij)Ou a hoarding or wall, although 
he may encourage a form of ait, deliberately violates the 
wayfarer’s mind. A tra«le-mark or a aitch-word presents 
itself when eye and 111 ought are occupied with other 
subjects. Those who object to this class of advertisement 
assert, with some show of reason, that an advertisement 
has no more right to assault the eye in this fashion than to 
storm the ear by an inordinate din ; and a man who came 
up behind another man in the street, ]»laccd his mouth 
close to the other’s ear, and bawled a recommendation of 
some brand of soaj» or tobacco, w^ould be regarded as an 
intolerable disturlier of imblic, peace and comfort. Yet 
if the owner of a li ou.se stn?s lit to paint advertisements 
uiion liis walls, his exercise of tlio jealously guarded rights 
of private i)roi>oi*ty may not liglitly be disturbed. For 
tlio most part, both law' hikI public opinion content them- 
selves with restraining tlie worst excesses of the advertiser, 
leaving many sensitive j^cr.sons to suffer. The National 
Society for Checking the Abuses of Public Advertising, 
founded in 1893 in l.<ondon, was organized for purpo.ses 
which it describes as follow's • — 

The society aims at luotofliiu; the pict\m*wiuo siiTipUcity of 
rural and liver scenery, and jmnnotiiig a re#?am for diputy and 
liropriety of aspect in towns— with csjHJoial rofereiicc to the abuses 
of siiectacular advertising. 

It socks to proiairo legislation thereby local representative 
bodioB would be enabled to exercise control, hy means of hye-laws 
framed with a view to eiiuhling them, at any rate, to grant relief 
in cases of tlagrunt and acknowledgtMl abuse. 

It is believed that, wlien regulation is applied in cases ^\llere 
local conditions are peculiarly lavourahle, the atlvantago will Ix^ 
HO apparent that, by force of imitatiou and comjietitiou, the 
enforcement of a roaHrinabie Htandavd w'lll gradually become 
common. The degree of restraint will, of course, dejicnd upon 
the varying requirements of dittcreut places and iiositions. No 
hard and fast rule is suggested ; no jiarticular class of adveHise* 
ment is proscribed ; certainly no general prohibition of |x)sters on 
temporary hoardings is contemplated. Within the metropolitan 
aica sky signs have already been jiiohibitod, and it is hoped that 
some corresjxmding check will be placed on the multiplication of 
the licld boards which so materially diminish the pleasure or 
comfort of railway journeys. 

The society regards with favour the imposition of a moderate 
tax or duty for imperial or local jmrposcs on exiKised advertise- 
mciits not coming vrithin certain categories of obviously necessary 
notices. The difficulty of inducing a Chancellor of the Exchequer 
to move ill a matter where revenue is not the primary considera- 
tion is not overlooked. But it is thought that any impost would 
materially reduce the volume of ex^xisod advertisements, and 
w'ould at once extinguish the most otlcnsive and the most 
annoying cUss, t.e., the quack advertisements hy the road aides 
and the bills stuck by unauthorized iieraons on trees, walls, and 
palings. ^ 

MoTiiliers are recommended to make it known that there 
exists an active repugnance to the present practice of advoriising 
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diafigurement, by giving nreferenoe, in private transaotions, to 
makers and dealers who do not employ obieotionable methods, 
and by avoiding, as far as possible, the purchase of wares which, 
m their indiviaual opinion, are oifensively puffed. Action on 
these lines is advised rather for its educational than for its 
immediately deterrent effect; although, in the case of many of 
the more expensive commodities, makers would undoubtedly be 
much influence by the knowledge that they would lose, rather 
-than gain, custom. 

The foregoing proposals are based on the following estimate of 
the conditions of the problem. It is believed that the present 
licence causes discomfort or loss of enjoyment to many, and that, 
in the absence of authoritative restriction, it must grow far beyond 
its present limits ; that beauty or x)ropnoty of asiiect in town and 
country fonn as real a part of the national wealth as any material 
product, and that to save those from impairment is a national 
interest; that the recent developments of vexaiiously obtrusive 
advertising have not grown out of any necessities of honourable 
business, but are partly the result of a mere instinct of imitation, 
and partly are a morbid phase of competition by which both the 
consumers and the trade as a whole lose ; that rnstnction as 
regar(k the size and positions of advertising notices would not be 
a hardship to those who want imbli(*ity — since all com})etitors 
would bo treated alike, each would have tlie same relative prom i- 
neiKo; that, as large sums of public money are expended on 
institutions intendea to develop the finer taste, and on edifices of 
elaliorato design, it must be held inconsistiMit with established 
public policy to |)ermit the sensibilities thus imparted to lie 
woiindea, and architectural effect to be destroyed at the discretion 
of a limited class. 

The inilueuce of thiu society is to be seen in many of 
the restrictions which have been imposed upon advertisers 
since its work began. About a yeur after its foundation 
the London County Council abolished (under statutory 
powers obtained from Parliament) a4verti8enient8 coming 
within the definition of sky-signs in the London Building 
Act of 1894. Those siiecifications are as follows : — 

“Sky sign” means any word, letter, model, sign, device, or 
represeutatiou in the nature of an advertisement, amiounco- 
iiienl, or direction supixirted on or attached to any post, pole, 
standard, framework, or other supjiort, wholly or in part upon, 
over, or above any building or structure, wbicli, or any jiart of 
whicli, sky sign shall bo visible against the sky from any [loint in 
any street or public way, and includes all and eveiy jiart of any 
such post, pole, standard, framewoik, or other support. The 
expression “sky sign ’’shall also include any lialloon, parachute, 
or similar device em})loyed wholly or in pirt for the purposes of 
any a<lverti8emeuta or announcement on, over, or above any 
building, structure, or erection of any kind, or on or over any 
street or public way. 

The Act jiroceeds to exclude from its restrictions flag- 
staffs, weathercocks, and any solid signs not rising more 
than 3 feet above the roof. 

Another bye-law of the London County Council, in great 
measure duo to the observations made at coroners’ inquests, 
protects the public against the annoyances and the iierils 
to traffic occasioned by flashlight and searchlight adver- 
tisements. This bye-law reads as follows : — 

No person shall exhibit any flashlight so os to be visible 
from any street and to cause oanger to the traffic therein, nor 
shall any owner or occupier of premises jiormit or sutler any tlash- 
light to bo so exliibitod on such premises. 

The expression “flashlight” means and includes any light used 
for the purpose of illuminating, lighting, or exhibiting any word, 
letter, model, sign, device, or representation m the nature of an 
ajlvertisemont, announcement, or direction which alters suddenly 
either in intensity, colour, or direction. 

No jierson shall exhibit any searchlight so as to bo visible from 
any street and to cause danger to the traffic therein, nor shall any 
oNvner or occupier of premises i^ermit or suffer any searchlight to 
oil siioh premises. 

The expression “ searchliglit ” means and includes any light 
exceeding 500-candle power, whether in one lamp or lanteni, or in 
a senes of lamps or lanterns used together and projected as one 
concontratod light, and which alters either in intensity, colour, or 


Advertising vans were so troublesome in London as to 
w prohibited in 1 853 ; the “ Baiidwich-man ” has in the 
of London and many towns been ousted from the 
pavement to the gutter, from the more crowded to the 


less crowded streets, and as the traftic problem in tlie 
great centres of population becomes more urgent, he will 
probably be altogether suppressed. 

Hoardings are now so restricted by the London Building 
Acts that new hoardings cannot, exceiit under special con- 
ditions, be erected exceeding 12 feet in height, and no 
existing hoardings can bo increased in height so as to 
exceed that limit. 

The huge signs which some advertisers, both in Englamj 
and the United States, have placed in such positions as to 
mar the landscaiic, have so far aroused public antagonism 
that there is reason to hojie that this form ot nuisance 
will not increase. 

In 1899 Edinburgh obtained effective powers of control 
over all sorts of advertising in public places, and this 
achievement lias been followed by no little agitation in 
favour of a Parliamentary enactment which should once 
for all do away with the defacing of the landscape in any 
part of the United Kingdom. The society already men- 
tioned has drafted a Rural Advertisements Bill in the 
following terms 

(1) The power of a County Council to make bj'c-lawH con toned 
by Section 16 of the Local Government Art 1S8S, shall, bubjrct to 
the provisions of that section, extend to bye-Iaus : — 

(а) For regulating or prohibiting the erection or placing of 
adveHisements in oi upon any arable or pasture land, woodland, 
garden, public park, common, or waste land, foreshore, or any 
inland or tidal whaler. 

(б) For enforcing the removal of ad\ ertisements erected or 
placed 111 contravention of the bye-laws. 

(c) For enforcing the removal, within a prescribed time — not 
being less than one year after the bye-laws come into o^ieration — 
of any advertisements erected or placed before the making of the 
bye-laws in snoh a manner as w'ould be in contravention of the 
bye-laws, if the same had been previously made. 

(2) Nothing in any bye-law to be made under this Act shall 
aflect any advertisement erected or placed either before or after the 
[lassing of this Act, ujHm any premises and relating solely to any 
trade, business, or business transaction carried on, or proposed to 
bf» earned on, or any entertainment or meeting held or to lie 
held, upon or in relation to the said premises or to any pro|>erty 
thereon. 

(U) This Act shall not apply to or have any effect in the 
administrative county of London or in any [municipal] borough. 

The English law with regard to ])osters has undergone 
very little change. The Metropolitan Police Act 1839 (2 & 
3 Viet. cap. 47) first put a stop to unauthorized |)osting, 
and the Indecent Advertisements Act of 1889 (section 3) 
penalized the yiublic exposure of any picture or printed or 
written matter of an indecent or obscene nature. But 
in genera] practice there is hardly any limitation to the 
size or character of postei- advertisements, other than good 
taste and public opinion. On the other hand, jmblic 
opinion is a somewhat vague entity, and there have been 
cases in which a conflict has arisen as to what public 
opinion really was, when its legally authorized exponent 
was in a position to insist on its own arbitrary definition. 
Such an instance occurred some few' years ago in the case 
of a large jiostor issued by a w'ell-known London music- 
hall. The Progressive majority on the London County 
Council, led by Mr M‘Dougall, a well-known “imrity” 
advocate, took exception to this poster, which represented 
a female gymnast in “ tights ” posed in what was doubtless 
intended for an alluring and attractive attitude ; and, in 
spite of any argument, the fact remained that the decision 
as to renewing the license of this music-hall rested solely 
writh the Council. In showing that it would have no 
hesitation in provoking even a charge of meddling prudery, 
the Council probably gave a salutary warning to people 
who were inclined to sail rather too near the wind. But 
in Great Britain and America, at all events (though a doubt 
may perhaps exist as to some Continental countries), the 
advertiser and the artist are restrained, not only by their 

•S. I. — 13 
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own sense of propriety, but by fear of offending the sense 
of proj»riety in their customers. 

Posters and placards in railway stations and uj>on 
public vehicles still embarrass the traveller who desires to 
find the name of a station or the destination of a vehicle. 
In resjKJct of all these abuses it is a regrettable fact that 
unpojnilarity cannot be cxijected to deter the advertiser. 
If a name has once Ijeen fixed in the memory, it remains 
there long after the method of its im])re8sion has been 
foi gotten, and the purpose of advertisements of the class 
under discussjon is rcuilJy no moie than the fixing of a 
trade name in the mind. The average man or woman 
who goes into a shoi* to buy soap is more oi less affected 
by a vague sense of antagonism toward the seller. There 
is a rudimentary feeling that even the most ordinary 
tumsaetion of purchase brings into contact two Uiiiids 
aetuateil by diametrically opposed interests. The pur- 
cliaser, who is not asking for a soa]) lu‘ lias used before, 
has some liazy 8U8])icion that the sho]ikee])er will try to 
K(dl, not the article ]>est worth the ])i-ice, but the article 
wdiich leaves the largest margin of piefit, and the pur- 
clm8(ir imagines tliat he in some measure secures himself 
against a bad bargain when he exercises his authority by 
asking for some specific brand or* make of the commodity 
he scjeks. If he has scaai any one soaj) so jiersistently 
advertised that Iris memory rritains its name, ho will ask 
for it, not because lie has any r-eason to believe it to lie 
better or ch(Mipci tlian others, but simjily because he 
bailies tire shopkee[»er, and assumes an authorihitive 
attitude by exerting his own fn'odom of choice. This 
curious and obscure j»iin<;i|)le of action jirobably lies at 
the root of all posten advei'tising, for the poster does not 
set forth rm argument as d<H*s the newspai»er advertise- 
ment. It lumlly atleiupt.H to reason ^vith the reader, but 
merely irnpressM^s a nani(‘ upon his mopiory. It is ]>08sil)le, 
by lavish advertising, to go srr far in this direction tliat 
the trade-mark of a certain manufacturer becomes synony- 
mous with the name of a coiiiinodity, so that when the 
consumer thinks of soa]> or asks lor soap, his concept 
inevitably ctmpJes the luakei’s name with the word “ soap ” 
itself. In order that the ]K)sf(*r may leave any impression 
upon his mind, it must of course first attract his atten- 
tion. The assistance winch tlie advertiser receives from 
the artist in this coiiiiexioii is discussed in the article 
PoaTKUS. 

The fact that the verb “to circularize” was first used 
in 1818, sufficiently indicates the very recent ordgin of 
the practice of J»lying possible purchasers with 
printed letters and ]»timphlets. The |)enuy 
cinulmr. postage was not estublishi'd in England until 
1840; the liuHpenny ])ost for circulars was not 
introduced until 1855. In the United StriUjs a uniform 
rate of postage at two cents was not established until 
1883. In both countries cheap posUige and cheaj) printing 
have BO gn^atly encouraged the use of circulars that the 
sort of iKJOjrle wliom tin* advertisei desin»s to reach — -those 
who have the most money to sjiend, and whose addresses, 
published in directories, indicate their prosjierous con- 
(Htion — are overwhelmed by tradesmen’s ]n*iee-li8ts, aj)])eals 
from charitable institutions, and other suggestions for the 
spending of nion(*y. The addressing of envelopes and 
enclosing of circulars is now a recognizi'd industry in 
many large towns both in Gr(*at Britain and in the United 
Stat^. It seems, however, to be the opinion of exjiert 
advertisers that wliat is called “ general circularizing ” is 
unprofitable, and that circulars should only be sent to 
jicTsons who liavt* |)eculiar reason to lie interested by their 
si>eciiic subject-matter. It may be rioted, as an instance 
of thts assiduity with which specialized circularizing is 
put sued, tliat the announcement of a birth, mariiage, or 
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death in the newspapers serves to call forth a grotesque 
variety of circulars supposed to be adapted to the moment- 
ary needs of the recipient. 

In concluding this review of methods of advertising, 
other than advertisements in periodical publications, we 
may add that the most extraordinary attempt at advert- 
isement which is known to exist is to be found at the 
churchyard at Godalming, Surrey, where the following 
epitaph was placed upon a tombstone . — 

Sacred 

To the memory of 
Nathamel Godbold Esc]. 

Inventor & Proprietor 
of that excellent medieino 
The Vegetable Balsam 
For the Cure of Consumptions & Asthmas. 

He departed this Jjfo 
The I7th. clay of J)ecr. 1799 
Aged 69 yearn. 

IIii: Ciiieres, ubifjuc Kama. 

The iirejiaration of advertisements for the ])erio(Jical 
jircss has within the last twenty years or so become so 
important a task that a great number of writers 
and artists — many of the latter fiossessing con- 
siderable abilities gain a livedihood from this petiodicml 
pursuit. The ingenuity di8])layed in modern 
news|>aper advertising is unquestionably due to 
Ameri(!aii initiative. The English newspajier advertise- 
ment of twenty years ago consisted for the most jiart of 
the mere reiteration of a name. An advertiser who took 
a column’s space, sup]>lied enough matter to till an inch, 
and ingenuously repeated his statement throughout the 
column. Such departures from this childlike method as 
were made were for the most ^lart eccentric to the point 
of incoherence). It may, however, be said in defence of 
English advertisers, that newspaj>er publishers for a long 
time sternly discountenanced any attempt to render 
advertisements attractive. So long as an advertiser was 
rigidly confined to the oidmary single -column measure, 
and so long as he was forbidden to use ax^thing but the 
smallest sort of tyjie, there was very little o]>j)()rtniiity for 
him to attract the reader’s attention. The news])ai»er 
imblisher must always remember that the i)ublic buy a 
iiewspa]>er for the sake of the news, not for the sake of 
the advertisements, and that if the advertisements are 
relegated to a position and a Bco])e, in respect of disjilay, 
so inferior that they may be overk^ed, the advertiser 
cannot afford to bear his share of tl4HNV publication. 
Of late T/te Times, followed by almoJnSll news])a])ers in 
the United Kingdom, has given the advertiser as great a 
degree of lilicrty as he really needs, and many experienced 
advertisers in America incline to the belief that the larger 
license accorded to American advertisers defeats its own 
ends. The truth would seem to be that the advertiser 
will always demand, and may fairly expect, the right to 
make his space as fantastic in ajqicarance as that allotted 
to the editor. When some American editors see fit to 
print a headline in letters as large as a man’s hand, and to 
begin half-a-dozen different articles on the first ])age of a 
newspaper, continuing one on page 2, another on page 4, 
and another on page 6, to the bewilderment of the reader, 
it can hardly ho exjiected that the American advertiser 
should submit to any very strict code of decorum. The 
subject of the relation between a ncw8pai>er jiroprietor 
and his advertisers cannot be dismissed without reference 
to the notable independence of advertisers’ influence, 
which English and American newspaiwr jiroprietors 
authorize their editors to disfilay. Whenever an insurance 
company or a bank goes wrong, the cry is raised that all 
the editors in* Christendom had known for years that the 
directors were imbeciles and rogues, but had conspired to 
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keep mute for the sake of an occasional advertisement. 
Wh^ the British public persisted, not long ago, in paying 
premium prices for the shares of over-capitalized com- 
panies, the crash had no sooner come than the nevrspapers 
were accused of having puffed promotions for the sake of 
the money received for publishing pro8i)ectuse8. As a 
matter of fact, in the case of the best dailies in England 
and America, the editor does not stand at all in awe of 
the advertiser, and time after time the Money Article has 
ruthlessly attacked a promotion of which the pro8))eetu8 
appeared in the very same issue. It is indeed to the 
interest of the advertiser, as well as to the interest of the 
reader, that this indejiendence should be i>resorved, for 
the worth of any journal as an advertising medium 
depends upon its possessing a hond-fida circulation among 
})erson8 who believe it to be a serious and honestly-con- 
ducted newspaper. All advertisers know tliat the minor 
weeklies, which contain nothing but trade puffs, and are 
scattered broadcast among ijeople who pay nothing for 
their copies, are absolutely worthless from tlio advertiser’s 
point of view. The most striking difference between the 
})eriodical press of Great Britain and that of America is, 
that in the former country tlie magazines and reviews play 
but a secondary rfths, while in the United States the three 
or four monthlies possessing the largest circulation are of 
the very first importance) as advertising mediums. One 
reason for this is that the advertisements in an Arneric^ui 
magazine are printed on as good paper, and ]>rinted with 
as great care, as any otlier jiart of the contents. There 
are proliably very few among Amerksan magazine readers 
who do not habitually look through the advertising pages, 
with the certainty that they will be entertained by the 
beauty of the advertiser’s illustrations and the quaint 
curtness of his phrases. Another reason is that the 
American monthly magazine goes to all pfirts of tlie 
United States, while, owing to the time required for long 
journeys on even the swiftest trains, no American daily 
pajK'r (am have so general a circul.ition as The Tiime in 
the United Kingdom. In comiMirison with ]»oints on the 
Pacific coast, Chicago does not seem far from New York, 
yet, with the exception of one frenzied ami altogether 
unsuccessful attem})t, no New York daily has over at- 
tein])ted to force a circulation in Chicago. The American 
advertis()r would, therefore, have to spend money on a 
great number of daily jiapers in order to reach as wide- 
spread a ]jublic as one successful magazine offers him. 

There is reason to believe that the English magazine 
publishers have erred gravely in taking what are known 
in the trade as “insets,” consisting of separate cards or 
sheets printed at the advertiser’s cost, and accepted by the 
publisher at a s^iecific charge for every thousand copies. 
This system of insetting has the grave inconvenience that 
the advertiser finds himself com]»elled to print as many 
insets as the publisher asserts that he can use. I’ho 
jiublisher, on the other hand, is somewhat at the mercy 
of too enthusiastic agents and employ<is, who estimate 
over-confidently the edition of the jxjriodical which will 
jirobably be printed for a certain month, and advertisers 
have had re.ason to fear that many of their insets w^ero 
wasted. The added weight and bulk of the insets cause 
inconvenience and ex])ense to the newsdealer, as two or 
three insets printed upon cardboard are equivalent to at 
least sixteen additional pages. Some newsdealers have 
further complicated the inset question by threatening to 
remove insets unless special tribute be jiaid to tboin ; and 
with all these difficulties to be considered, many magazine 
publishers have st)riou8ly considered the advisability of 
altogether discontinuing the practice of taking insets, and 
of confining their advertisements to the sheets they them- 
selves print. In connexion with this subject, it may be 
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added that many readers habitually shake loose bills out 
of a magazine before they begin to turn the pages, and that 
railway stations, railway carriages, and even public streets, 
are thus littered with trampled and muddy advertisements. 
The old practice of distributing handbills in the streets is 
dying a natural death, more or less hastened by local bye- 
laws, and when the loose bills in magazines and cheap 
novels have ceased to exist no one will be the loser. 

Advertisements in the weekly press are on the wh<*le 
more successful in England than in America. A few 
Amerienn weeklies cope successfully with the increasing 
comijetition of the huge Sunday editions of Anienciui 
daily pajiers. But even the most successful among them 
— -a paper for boys — has hardly attained th(‘ prosperity 
ol some among its English contemporaries in the field of 
weekly journalism. 

The merchant who turns to these ]»ages for jiractical 
suggestions concerning the advertising of his own business, 
can be given no better advice than to betake himself to 
an established advertising agent of good rejmte, and be 
guided by his counsels. The chief part that he can him- 
self ])lay with advantage* is to note from day to day 
whether the agent is obtaining ad\ant.'igcous ])Osition8 
for his announcements. Every adverti.^er will naturally 
jirefer a right-hand page to a left-hand page, and the right 
side of the j)age to tlie left side of the ]>age , while the 
advertiser who most indefatigably urges his claims ujjon 
the agent will, in the long run, obtain the largest share of 
the favours to be distributed. To the merchant ^ho 
inclines to consider advertising in cciimexion with the 
broiider asjic^cts of his calling, it may be suggested that 
a new chann(*l of trade demands very serious attention. 
What is called in England “ postal trade,” and in America 
“mail order business,” is growing very rapidly. Small 
dealers in both countries liave complainod very bitterly 
of the competition they suffer from the general dealers 
and from stores made up of departments which, under one 
roof, offer to the consumer every imaginable sort of iiierchun- 
dise. This general trading, which, on the one hand, sei loiisly 
threatens the small trader, and on the other hand ofiers 
greater possibilities of profit to the proportionately small 
number of persons who can undertake Imsiiiess on so large 
a scale, becomes infinitely more formidable when the 
general dealer endeavours not only to attract the trade of 
a town, but to make his i»lace of business a centre from 
which he distributes by post his goods to remote jiarts of 
the country. In America, where the weight of parcels 
carried by ])ost is limited to four pounds, and where the 
private carrying companies are forced to ebutge a very 
much higher rate for carriage from New \ ork to California 
than for shorter distances, the centralization of trade is 
necessarily limited ; but it is no secret that, at the present 
moment, ]>ersons residing in those jiarts of the United 
Kingdom most remote from London habitually avail 
themselves of the English parcel post, which carries pack- 
ages u]) to eleven j»oundh, in order to jirocure a great 
part of their household su])j>lies direct from general dealers 
in London. A trading company, which conducts its 
oi)erations upon such a scale as this, can afford to spend 
an almost unlimited sum in advertising throughout the 
United Kingdom, and even the trader who offers only one 
s]:)ecific class of merchandise is beginning to recognize the 
possibility of api>ealing to the whole country. 

With regard to the literature of advertising, it need 
only be added that, in addition to tlie historical article in 
the Kdinhurgh Review for February 18 LI, already men- 
tioned, and that in the Quartcrli/ Review for June 1855, 
the advortistsrs’ handbooks, issued by tlie leading adver- 
tising agents, will be found to contain practical information 
of great use to the adv(*rtiser. (h. k. h.*) 
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Ady«, Sir John Mlllor (1819-1900), British 
genoral and colonel commandant royal artillery, son of M^or 
James P. Adye, royal artillery, was born at ScYenoaks, Keht, 
on the 1 st of N ovember 1819. Ho entered the royal artillery 
in 1836, was projnotod captain in 1846, and served through- 
out the Crimean War of 1854-56 as brigade-nugor and assist- 
ant acyutant-gcmeral of artillery (medal with four clasps, 
Turkish medal, thiid class of the legion of Honour, fourth 
class of the Modjidio, C.B., and brevets of major and 
lieut.-colonel). In th(i Indian Mutiny he served on the 
sbxfT in a similar capacity (medal). Promoted brevet- 
colonel in 1860, ho was specially employed in 1863 in the 
N. W. frontier of India campaign (medal with clasp), and 
was deputy ad[jutant-general, Bengal, from 1863 to 1866, 
when lu* returned home. From 1870 to 1875 Adye was 
director of artillery and stores at the War Office, where 
his influence was used to prevent tlie introduction of 
breech -loading ordnance. Ho was made a K.C.B. in 1873, 
having ttikeii an active part in Mr Cardwell’s army 
reform. Hi» was j)roTiiotod t*> be major-general and 
apjMiinted governor of the Royal Military Academy at 
Woolwich in 1875, and surveyor general of the ordnance 
in 1880. In 1883 he was chief of the sbxtf and second 
in command of the exjicdition to Egypt, and served 
throughout the campaign (medal with (Jasp, bronze star, 
second class of the Me(\jidie, C.C.B., and thanks of Parlia- 
ment). He held the government of Gibraltar from 1883 
to 1886. Promoted limit. -general in 1870, and general 
and colonel commandant of royal artillery in 1884, he 
rotireil in 1886. He unsucoesstully contested the Parlia- 
mentary representation u\ Bath in the Lilxiral interest in 
1892. He died on 26th August 1900, when on a visit to 
Lord Armstrong in Northumlxjrland. He was the author 
of A Jicuiew of ffm Crnivean War , Thr Dafrvee of C ami- 
port ; A Frontier Campaitjn in AfyhaniMan ; ReeolUctwiu 
of a Military Life , and Jntlian Frontier Policy, 

(r. H. V.) 

AEffadM, or Ai(JATKS, in Italian EymUy a group 
of islands lying W. of Sicily and belonging to the prov. of 
Trapani, the largest being Marittimo, the ancient fliera^ 
rising to 2244 bust in Mount Falcone ; Levanzo, the 
ancient Phorbaniia^ rising to 951 lect ; and Favignana, 
the ancient y altitude, 1070 feet; area of all, 70 

square miles. Total poj mlat ion ( 1 90 1 ), 64 1 9, They carry 
on tunny and 8])onge fishing Marittimo has a state prison, 
and produces honey and capers, (^hii'f town and })ort, 
Favignana ; cleared annually by some 400 vessels of about 
100,000 tons. Population (1901), 5001. 

Aeltre, a town of Belgium, in the ])rovince of East 
Flanders, 12 miles W. liy N. of Ghent by rail, near 
the Ghent and Bruges canal. Its trade is mainly in Imon 
and wood. Population (1900), 6261 ; eoinniunal (1880), 
7020; (1897), 7174. 

ASI^OnSiUtlCSa --Notwithstanding the prejudice 
eonsecpient on jwist failures and u])on premature assertion 
of impending success, the advance in aeronautics since 
the jiublication of the ninth edition of this work has 
been greater and more rapid than at any time in history. 
This advance has consisted in : -(1) The evolution of light 
motors ; (2) the elucidation of natural laws ; (3) many 
partially successful exi>oriments. Electric, steam, gas, or 
petroleum engines have Iweri reduced to a fraction of their 
former weights, fonnorly-accepted data for computations 
have been quite siq>erseded, and numerous experiments 
have been made. 

Few scientific men have imitated Afr Glaisher in making 
high ascents for meteorological observations. | 
m Croc6-Spinelli, and Tissandier, who reached I 

27,950 feet on 15th April 1875, were asphyxiated, and only I 


Tissandier came down alive. This put a stop to such 
attempts for a time ; but Gross and Berson attained 25,840 
feet on 11th May 1894, Berson reached 29,740 feet on 4th 
December 1894, recording a temperature of - 54“ F., and 
Berson and Spencer arc stated by the latter to have attained 
27,600 feet on 15th September 1898, the thermometer 
registering - 29“ F. The ()ersonal danger attending such 
ascents led Hermite and Bosan^on to inaugurate in 
November 1892 the sending up of unmounted balloons 
(Ballons Sondes), equipped with automatic recording instru- 
ments (see Meteoeology). On 11th July 1897, Andr^, 
Strindberg, and Frankel asconded from Spitzbergen in a 
daring attempt to reach the North Pole by balloon. One 
carrier pigeon, apparently liberated forty-eight hours after 
the start, was shot, and two floating buoys with messages 
were found; but nothing more has been heard of the 
explorers. 

From the very first invention of balloons the problem 
has been liow to navigate them by propulsion. General 
Meusnier proposed an elongated balloon in 1784. It was 
experimented on by Robert Brothers, who made two ascen- 
sions and claimed to have obtained a deviation of 22“ from 
the direction of a light wind by means of aerial oars 
worked by hand. The relative sj^eed was probably about 
3 miles an hour, and it was so evident that a very much, 
more energetic light motor than any then known was 
required to stem ordinary winds that nothing more was 
attempted till 1 852, when Gifiard ascended with a steam- 
engine of then unprecedented lightness. The subjoined 
table exhibits the subsequent progress which has been 
made : — 

Experiments with Dirigible Balloons, 


Tear. 

Inventor. 

Length 

U 

\ 

o 

5 

1 

1 



Ft. 

Ft. 

C>ib ft 

1852 

Giffard 

144 

' 39 

86,800 

1872 

1^ L6nio . 

118 

1 49 

120,066 

1884 

TiBsandlor . 

92 

80 

87,489 

1885 

Kenard and 

165 

27 

65,886 


Krebs 




18»7 

Wolfert 

92 

26 


1897 

Schwarz 

157 

' i 46 1 

1 1 / 

180,500 

1900 

Zeppelin . 

420 

i 1 

400,000 


12. 

*^1 

Weight of 
Balloon. 

Weight of 
Motor. 


1b. 

lb. 

lb 

: Miles 

3,978 

2,794 

462 

8*0 6 71 

8,858 

2,728 

4,728 

2000 

0'8 6-26 

933 

616 

1*5 1 7-82 

4,402 

2,449 

1174 

0 0 ; 14-00 




8-0 j 

8,188 

6,800 

800? 

10-0 ; 17-00 

25,000 

19,000 

1500 

82 0 1 18-00 


Gitfaid, the future inveiitoi of the iiqector, devised a ateum-engino 
weighing, with fuel and water lor one hoiii, 154 lb per horse-power, 
and was hold enough to employ it in proximity to a balloon inflated 
with coal gas. He was not able to stem a medium wind, but 
attained some deviation. He repeated the exi)enTnent in 1855 with 
a more elongated spindle, which proved unstable and dangerous. 
During the siege of Paris the Government decided to build a 
navigable balloon, and entrusted the work to the chief naval con- 
structor, Dupuy do Lome. Ho went into the subject very careffilly, 
made estimates of all the strains, resistances, and speeds, and tested 
the balloon in 1 872. Deviations of 12*' were obtained from the 
course of a wind blowing 27 to 37 miles per liour. The screw 
prof>eller was driven by eight labourers, a steam-engine being 
deemed too dangerous ; but it was estimated that had one been used, 
weighing os much as the men, the speed would have been doubled. 
Tissandier and his brother applied an electric motor, lighter than 
any previously built, to a sjimdle-shaped balloon, and went up 
twice in 1888 and 1884. On the latter occasion he stemmed a wind 
of 7 miles pei hour. The brothers abandoned these experiments, 
which had been carried on at tlicir own expense, when the French 
War De[)artment took up the problem. Kenard and Krebs, the 
officers in charge of tho War Aeronautical Department at Meudon, 
built and experimented with in 1884 and 1885 the fusiform balloon 
“La France,” in which the “master "or maximum section was 
about one-quarter of the distance from the stem. The propelling 
screw was at the front of the car and driven by an eleotrio motor 
of unprecedented lightness. Seven ascents were made on very calm 
days, a maximum speed of 14 miles an hour was obtained, and the 
balloon returned to its statrting-point on five of the seven oocasions. 
Since then another balloon has been constructed, said to be capable 
of a speed of 22 to 28 miles ner hour, with a different motor ; but 
no tests are known to the public and the secrets of this war engine 
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are oareAilly guarded. After many yearn of experiment Dr Wblfert 
built and ex;^ximented with in Berlin, in 1897, a oigar-ahaped 
balloon driven by a gaaoline motor. An explosion took place in 
the air, the balloon fell, and Dr Wdlfert and hie aeaistant were 
killed. It was also in 1897 that an aluminium balloon was built 
from the designs of D. Schwarz (then deceased) and tested in 
Berlin. It was driven by a Daimler benzine motor, and attained a 
greater speed than La SVance** ; but a driving belt slipijed off its 
pulley, and in coming down the balloon was injured beyond repair, 
from 1897 to 1900 Count Zeppelin, of the German aimy, ivas 
engaged in constructing an immense balloon, truly an air ship, of 
most careful and most intelligent design, to carry five men. It was 
first tested in June 1900, when it attained a speed of 18 miles an 
hour and travelled a distance of 3jr miles before an accident to the 
steering gear necessitated the discontinuance of the experiment. 
In 1901 M. Santos Dumont carried out some more or less success- 
ful experiments with a dirigible balloon in Paris. 

The principles which govern the design of the dirigible 
balloon may be said to £ave been evolved. As the lifting 
power grows as the cube of the dimensions, and the 
resistance approximately as the square, the advantage lies 
with the larger sizes of balloons, as of ocean steamers, up 
to the limits within which they may be found practicable. 
Count Zeppelin may have reached the limit as to practicable 
size. He has gained an advantage by attaching his pro- 
pellers to the ^loon, instead of to the car as heretofore ; 
but this requires a rigid framework and a great increase of 
weight. Iji Compognon endeavoured, in 1892, to substi- 
tute flapping wings for rotary propellers, as the former can 
bo suspend^ nearer the centre of resistance. Danilewsky 
followed him in 1898 and 1899, but thus far without 
remarkable results. Dupuy de I^Omo was the first to 
estimate in detail the resistances to balloon propulsion, 
but experiment showed that in the aggregate they were 
greater than ho calculated. Kenard and Krebs also found 
that their computed resistances were largely exceeded, 
and after revising the results they gave the formula 
K=a 0*01685 D^V^, 11 being the resistance in kilograms, 
D the diameter in metres, and V the velocity in metres 
IMsr second. Reduced to British measures, in pounds, feet, 
and miles jior hour, R =» 0*000687 6 D^V^, which is somewhat 
in excess of the formula computed by Dr Pole from De 
Lome’s exiieriments. The above coefficient applies only 
to the shajie and rigging of the balloon “ La France,” and 
combines all resistances into one equivalent, which is equal 
to that of a flat plane 18 per cent, of the “ master section.” 
This coefficient may ijerhaps hereafter be reduced by one- 
half through a better form of hull and car, more like a fish 
than a spindle, by diminished sections of suspension lines 
and net, and by placing the propeller at the centre of 
resistance. To compute the results to be expected from 
new projects, it will be preferable to estimate the resist- 
ances in detail. The following table shows how this was 
done by De Ldme, and the probable corrections which 
should have been made by him : — 


Jiesistances — De Ldnve's Balloon, 


Computed by De lAme. V « 2*22 m, per sec. 

More Probable Values. 
Vw2’82 m. per hoc. 

Part. 

1 

i 

i 

Coeflkient. 

1 


Coefficient 

Air Pressure. 

Resistance, Kg. 

Hull, with- 
out net. 

Car . 
Men'sbodies 
Gas tubes . 
Small cords 
Large cords 

172-96 

3-25 

3-00 

6*40 

10-00 

9-90 

l/SO 

1/5 

1/6 

1/6 

1/2 

1/8 

0-666 

tf 

»» 

3-830 

0-432 

0-400 

0-850 

3-825 

2-194 

1/15 

1/5 

1/2 

1/2 

1/2 

1/8 

0-876 

>1 

99 

99 

10-091 

0- 569 

1- 312 

2- 750 
4-375 
2-887 

11-081 

21-984 
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When the resistances have been reduced to the lowest 
p<»sible minimum by careful design, the attainable sfieed 
will depend upon the efficiency of the propellei- and the 
relative lightness of the motor. It seems not unlikely that 
30 miles per hour can be attained in the near future ; but 
the commercial uses will be small, as the balloons must 
temain housed when the wind aloh is brisk. The si/es 
will be great and costly, the loads small, and the craft frail 
and short-lived, yet dirigible balloons constitute the proper 
tyi)e for Governments to evolve, until they are suj>erseiled 
by efficient flying machines. 

While the flying machine is still inferior to the Imlloon 
in performance and safety, it has made more progress since 
1888 than during the preceding three centuries. 
Investigation has turned from flapping wings and 
from sustaining screws to the aeroplane tyi>e, and 
encouraging results have been obtained not only with 
models but with full-sized machines. The flights have betm 
very short and hazardous, but the sjieeds have been much 
greater than with balloons. The danger involved in the 
proximity of fire to gas being absent, Maxim, Langley, 
Ader, and others have produced steam motors weighing 
10 or less per horse-power. This, it is true, is exclusive 
of fuel and water, and the engines work nearly to the limits 
of endurance ; but the automobile industry is developing 
gasoline motors which are nearly as light, and these may 
prove better adapted to £^rial propulsion. Knowledge has 
been groatly increased to the laws of flight. Professor 
Maroy has furnished new data concerning bird locomotion, 
and Professor Langley has elucidated the problem of air 
reactions on oblitjuo planes. Physicists still computed, 
down to 1891, the normal pressures upon oblique planes 
as varying in the ratio of the square of the sine of the 
angle of incidence or, at best, in the ratio of the sine of 
that angle. Langley showed, by extensive experiment.s, 
that this normal had nearly twice the assigned value, and 
that Duchemin’s empirical formula 

xr-i> 

^ l + sin«a 

which was proposed about 1838 but not adoi)ted, was 
a])proximately correct for oblique planes. More than thi.s, 
Lilienthal showed, about the same time, that concave bird- 
liko surfaces afforded from three to seven times os much 
support as planes at acute angles of incidence, and gave 
also a small propelling component, so that former views and 
modes of c.alculating the surfaces and power retjuired for 


Principal Experinvenf» ivith Flyiwj Machines, 


i 


Tip to Tip. 



t I . 

I § 

y 1 js 

l> 


k! 

a 

V »- 

S 4> 
.2 ts 

u 

Inventor. 

Surface. 

Weight. 

Pounds |ici 
foot 

Speed per 

1 

1 

Motor 

£ 

H 



Ft. 1 Sq. ft. 

lb. 

Mis. 

Ft. 




1870. Tatiu. 

6*2 

7-5 

3 85 

0*51 1 18 

100? 

Com- 

0*03 

110^ 






I>n'88<*d 

uii 



1 


ill 

\Haimve 
f (No. 16) 
Phillips . 

6*5 

22-0 

20 0 

186 0 

5*00 

402 00 

0 19 i 10 

1 

3 00 ' 28 

343 

1 500’, 

1 ” 
.Steam 

006 

5 6 ' 

79 

72? 

1804' Maxim* . 

50-0 

40000 

8000 <K) 

2*00 36 

j 300? 


363*00 

28 

1806; Langley . 

12-0 

70*0 

80 OO 

0*43 , 24 

'41K)0 


1 00 

SO 

1807 

Tatiu and 

21 0 

86*0 

72 00 

0*83 , 40 

[ 460 

9P 

1 .33 

65 


Richet 




1 



27 

1807 

Ader* 

400 

270*0 

1100 00 

4 00 50? 

100? 

II 

40 00 

1805 

• 

1 

1 

280 

151 0 

2*20 00 

1 46 1 28 1 1200 1 Gravity 

2 00 

110 

1806 

Pilcher* . 

28*0 

170 0 

200 (H) 

1*17 25 

9001 


2 00 

100 

1806' Ghanute*! 

360 

185 0 

178*(M) 

1 31 1 22 1 

3(H) 1 

- 1 

200 

89 


flight have been quite revolutionized. Exi»eriment8 have 
therefore been more intelligent and more successful than 


^ Tbo pouiitls sustained per horse-power in the lost three experiments 
will pmbably be reduced one-half when an artificial motor is substi- 
tuted for gravity. 
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ever lief ore. It can no longer Ije said that men have never I but this was still very good. The equilibrium was defec- 
flown through the air. The preceding table (p. 101) exhibits | tive and greatly shortened the possible flights. A score 

of different models have been 
produced by Hargrave, of New 
South Wales, since 1885. His 
No. 16 has been selected for 
the table given. It consisted 
in a body plane of kite shape, 
propelled hy a pair of flapping 
vanes at the fnmt (Figs. 1, 2, 
3). Hargrave built a number 
of steam - engines weighing 
about 101b per h.p., but found 
such difflculties that he turned 
his attention to oil motors. He 
advocates large surfaces and 
low speeds, and hopes to main- 
tain those proportions by sus- 
) tending a motor and propellers 



I* rfj. 1.— C^Mieral appearanre of Hai flj ihr machine. 

the more important performances, and attention is called to 
the columns of pounds imjiosed ])cr square foot, to the result- 



(From Enginetnnff,) 

from a tandem team of the “ Cellular Kites ” which he has 
invented, and with which he has been lifted from the 
ground. The apparatus of Phillips resembles a Venetian 
blind. The slats are of wood, convex on the upper sur- 
face and concave beneath. The lift is apparently very 
good, but the stability is defective. After many pre- 
liminary exiKjrimeiits on air reactions, Maxim tested, in 
1894, a very large flying machine, a marvel of ingenuity 
and mechanical skill, carrying three men. It consisted in 
a combination of su|ie|,impoHed aeroplanes, driven by two 
screw projHjllers, which were rotated by a compound steam- 
engine of 363 h.p., weighing with its adjuncts some 10 lb 
j)cr h.p. TIio aj)paratu8 gathered sfK^ed on a railway 
track, and demonstrated that it could lift much more than 
its own weight; but the pounds sustained per h.p. were 
less than was expected, probably by reason of head resist- 
ance caused by many guy wires, and the stability was 
inadequate. After publishing his ExperiimnU in Aerody- 
namics in 1891, Langley produced in 1896 a steam-driven 
flying model, with which he obtained the longest flights 


Fit. *J -- liPi II x!|'iii\ I* living iiiftcliiiic Fmiu 
/ inn lift I nut » 

iiig speed re<juireil l«>i sU|> 
port, and 1o tlu* ])ounds sus 
tainod y>er hor.se-] »o\Ner (the 
aiiparatus marked thu->'*^ 
carried a man or men). 

The first aeroplaiu' of 
Tatin (1879) eonsisleil ol a 
jiair of flat wings and a 
tail, traction being obtamefl 
from two screw ])ru))ellers 
at the front. The hor.si‘ 
power w’a.s arrivi'd at b\ 
allowing 25 to 30 ]>er cent, 
of that shown by the indi 
cator for tlu' compressed 
air. When Tatin and Richet 
substituted steam in 1897 
they only sustained about half as many pounds yier h.p. ; 



Fia. 3 — Anotlun type of eugino for Hargrave’s flying 
muclime (From Enginernng ) 

ever known. The ajiparatus consisted of 
two j)airs of wings and a tail, with two 
screw pro])ellers, driven by a high pres- 
sure steam-engine of 1 h.p. weighing but 7 lb. The 
longest flight was over J of a mile, and the apj>a- 
ratus alighted safely on each of the three flights made. 
The lift ix3r horse-power was low, for a variety of reasons, 
but the stability was good. After having tested, in 
1872 and 1891, two full-sized flying machines, producing 
indifferent results, Ader built, in 1897, a third apparatus 
with funds fmnished by the French Government. This 
roj)roduced the structure of a bird with almost servile 
imitation, save that tmetion was obtained by tw’o screw pro- 
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pollers (Figs 4, 5). The Bteam-engines weighed about 7 lb 
|)er h.p., but the equilibrium of itie apparatus was defec- 
tive. To Lilienthfid belongs the double credit of demon- 
stinting the superiority of arched surfaces over planes, 
and of reducing gliding flight to regular practice. He 
made over 2000 glides safely, using gravity as a motive- 
yKJwer, with various forms of apparatus, consisting of 
concave bat-like wings, in some cases 8uy)erimposed. It 



Fjo. 4 — Ader's “ Avion " in position for flight. (From The Sdenttfic American,) 


was with a machine of the latter tyyie that he was apsot 
by a sudden gust of wind and killed in 1896. Pilcher 
improved somewhat upon Lilienthars apparatus, but used 
the same general method of restoring the balance, when 
endangered, by shifting the weight of the operator’s body. 
He made several hundred glides in safety, until he too 
was upset by a gust of wind and killed in 1899. Chanute 
confined his endeavours exclusively to the evolution of 
automatic stability, and made the surfaces movable instead 
of the man. He obtained over 1000 glides without accident 
with two different types of apjiaratus. The last three 
exfierimenters have claimed that it is not impossible for 
man to imitate the soaring flight of certain birds, wherein 
8up[>ort and yiropulsion are obtained from the wind alone 
under certain favourable conditions. 

The very tirst essential for success is safety, which will 
I>robably only 1)0 attained with automatic stability, and 
the foregoing account indicates that it is for lack of this 
that all the exiKsriments have shown such slight success. 
Safety and stability are therefore to be sought first. 
The underlying principle is that the centre of gravity 
bhaJl at all times be on the same vertical line as the centre 
of pressure. The latter 
varies with the angle of 
incidence. For square 
]>1anes it moves approxi- 
mately, as expressed 
by Joessel’s formula: 

O == (0-2 + 0*3 sin a)L, in 
which C is the distance 
from the front edge, L 
the length fore and aft, 
ami a the angle of in- 
cidence. The movement 
is different on concave 
surfaces, but has not been 
formulated. The term 
Aeroplam is understood 
to apply to flat sustain- 
ing surfaces, but ex- 
yieriment indicates that 
arched surfaces are more 
efficient. Langley has 
proposed the word Aerodrome, which seems the jireferable 
term for apparatus with wing-like surfaces. This tyyio is 
the one which results point to as the proj^er typo for further 
experiments. With this it seems probable that, with well- 
designed apparatus, 40 to 50 lb can be sustained per indi- 
cated h.p., or about twice that quantity jier resistance or 
“thrust” h-p., and that some 30 or 40 jier cent, of the 
weight can be devoted to the machinery, thus requiring 


motors, with their yircijellers, shafting, supplies, <fcc., 
weighing less than 20 lb j»er h.p. The problem, then, 
is how they should be designed. The knowledge evolved 
within the last few years has at last made it practicable to 
give some data for calculating the effects to be expected, 
with some confidence that they will not be far wrong. It 
is evident that an apjiaratus must be designed to be os 
light as possible, and also to reduce to a minimum all 
resistances to propulsion. This being kept 
in view, the strength and conseejuent section 
required for each memlior may be calculated 
by the methods employed in proportioning 
bridges, with the difference that the support 
(from air pressure) will be considered as 
uniformly distributed, and the load as con- 
centrated at one or more points. Smaller 
factors of safety may also have to Ikj used. 
Knowing the sections required and unit 
weights of the materials to be employed, the 
weight of each jiart can be computed. If a model has 
been made to absolutely exact scale, the weight of the 
full-sized apparatus may ajiproximately be ascertained by 
the formula 


in which W is the weight of the model, S its surface, and 
W^' and S' the weight and surface of the intended apjiaratus. 
Thu.s if the nuilel has been made one-quarter size 
in its homologous dimensions, the supporting surfaces 
will he sixteen times, and the total weight sixty- four 
times those of the model. The weight and the surface 
being dotemiincd, tlie three most iuqiortant things to 
know are the angle of incidence, the “lift,” and the 


required sixhmI. The fundamental formula for rectiiiigular 
air pressure Ls well known: P = KV’^S, in which P is the 
rectangular noniial pressure, in pounds or kilograms, K 
a coefficient, (0*0049 for British, and 0*11 tor metric 
measures), V the velocity in miles per hour or in metres 
per second, and S the surface in square foot or in square 
metres. The normal on oblique surfaces, at various angles 
of incidence, is given by the formula P — KV'^Sry, which 



Fio. 5 — Aiier h “ Avion ” tlio wingR foldwl (Fioni The ,srintUJic Avierican.) 
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latter factor is given both for planes and for arched 
surfaces in the subjoined table : — 

PereenUigeB of Air PresBure at Various Angles 
of In^'-lilence, 


Planks: Dvchemin Fokmula. 


1 4-Rin*o 


An^le. Normal , Lift 
a 1} i^COSa 


WiNa« : Lilienthal, 
Concavity 1 in 12. 


Normal Lift. 

I Iff i}C 08 a. 


Tan- 

Drift. 

ifsiria. forcri. 


0-0 

i 0000611 
I 0*00244 
0*00r>43 
I 0 0097 
0*0152 
0*0217 
0*0293 
0*0381 
0*0477 
0*0585 
0*0702 
0*0828 
0*0971 
0*1155 
0*1240 


0*0 

0*0396 

0*0741 

0*1193 

0*1594 

0*1995 

0*2416 

0*2858 

0*3318 

0*3810 

0*434 

0*489 

0*545 

0*597 

0*647 

0*692 

0*731 

0*763 

0*790 

0*812 

0*830 

0*845 

0*856 

0*864 

0*870 


0*0 

-0*0055 
-0*0097 
-0*0125 
-0*0139 
-0*0139 
- 0*0126 
- 0*0100 
- 0*0058 
- 0*0 
+ 0*0075 
4 0*0170 
4 0*0285 
40*0418 
40*0566 
4 0*0727 
40*0898 
40*1072 
4 0*1251 
4 0*1432 
40*1614 
4 0*1803 
40*1976 
40*2166 
40*2332 


4 0*070 
4 0*067 
4 0*064 
4 0*060 
4 0*055 
4 0*049 
40*043 
40*037 
4 0*031 
i 0*024 
40*016 
4 0*008 
0*0 

- 0*007 
* 0*014 

0*021 

- 0*028 
-0*035 

- 0*042 

- 0*050 
-0*058 

- 0*064 
-0*070 

- 0*074 
-0*076 


The Rustiiining power, or “lift,” which in horizontal 
flight must be equal to tlu^ weight, can be ctilculatod 
by the formula * L =- KV^Si^cosa, or tluj factor may be 
taken direct from the table, in which the “lift” and the 
“ drift ” have been obtained by multiplying the normal 
by the (jo.sine and sine of the angle. The last column 
shows the tiingential pressure on concave surfaces which 
Lilienthal found to possess a propelling component between 
S'* and 32**, and therefore to be negative to the relative* 
wind. Former modes of computation indicated angles of 
10* to 15* as necessary for supjjort with planes. These 
were prohibitory in consequence of the great “ drift ” ; but 
the present dabi indicate that, with concave surfaces, angles 
of 2* to 5“ will produce adequate “ lift.” To compute the 
latter the angle at which the wings are to be set must first 
be assumed, and that of 4 3* will generally be found 
preferable. Then the retiuired velocity is next to be 
computed by the fonnula : 

V- / h 
^ KSi/cosa 

or for concave wings at 4 3* : 

V- /3'. 

V 0*646KS 

Having thus d( 5 termin(*d the weight, the surface, the 
angle of incidence, and the required speed for horizontal 
support, the next step is to cfilculate the power required. 
This is best accomplished by first obtaining the total 
resistances, which consist of the “ drift ” and of the head 
resistances due to the hull and framing. The latter are 
arrived at preferably by making a tabular statement 


similar to that shown under the head of balloons, showing 
all the spars and parts offering head resistance, and apply* 
ing to each the coefficient approjiriate to its “master 
section,” as ascertained by ex|ieriment. Thus is obtained 
an “ equivalent area ” of resistance, which is to be multi* 
plied by the wind pressure due to the sjieed. Care must 


be taken to resolve all the resistances at their proper 
angle of application, and to subtract or add the tangential 
force, which consists in the surface S, multiplied by the 
wind pressure, and by the factor in the table, which is, 
however, 0 for 3* and 32*, but positive or negative at 
other angles. When the aggregate resistances are known, 
the “ thrust h.p.” required is obtained by multiplying the 
resistance by the speed, and then allovnng for mechanical 
losses in the motor and pro{)c]ler, which losses will gener- 
ally be 50 per cent, of indicated h.p. Close approximations 
are obtained by the above method when applied to full- 
sized apparatus. The following example will make the pro- 
cess clearer. The weight to carried by an apparatus 
was 189 lb on concave wings of 143*5 sq. ft. area, set 
at a positive angle of 3*. There were in addition rear 
wings of 29*5 sq. ft., set at a negative angle of 3“, carrying 
no weight ; hence, L 1 89 ~ 0*00 5 x V* x 143*5 x 0*545. 

Whence V « a kaV “ 22 miles per hour, at 

V 0*005 X 143*5x0*546 * ’ 

which the air pressure would be 2*42 lb lyev sq. ft. 

The area of spars and man was 17*86 sq. ft., reduced 

by various coefficients to an “equivalent surface” of 

11*70 sq. ft., so that the resistances were : — 

Drift front wings, 143*6 x 0*0285 x 2*42 . . =9*90 tb. 

,, rear wings, 29*5 x (0*048 - 0*242 x 0*0528) 

x2*42 =217 „ 

Tangential force at S'* =0*00 ,, 

Head resistance, 11*70 X 2*42 . =28*31,, 


Total resistancr^ .... , =40 *38 lb. 

Si)eed 22 miles per hour. Power = “375 = 2*36 h.p. for 

the “thrust” or 4*72 h.^i. for the motor. The weight 
being 189 lb, and the resistance 40*38 lb, the gliding 

angle of descent was : = tangent of 1 2 *, which was 

verified by many experiments. 

The following exprc'ssioii'^, some of which have been 
given in the text, will be found useful in computing such 
projects, with the aid of the table above given : — 


1. Wind force, F=KV“ 

2 Pressure, P=KV*‘*S^_ 

3 . Volooity, V= 

4. Surface S vanes as 

6. Normal, N = KSV«i,. 

6, Lift, L=KSV“i;cosa. 

7. Weight, W = L=Nco8a. 


8. Drift, D = KSV^iysina. 

9. Head area E, get an equi va- 

lent. 

10. Head resistance, H = EF. 

11. Tangential force, T- Pa. 

12. Resistance, R=I)4-II4T. 

13. Ft. 11), M = RV. 

14. Thrust, h.,.., 

(o. c.) 


/Ethor* — In the mechanical processes which we can 
experimentally modify at will, and which therefore we 
learn to apprehend with greatest fulness, whenever an 
effect on a body B is in causal connexion with a process 
instituted in another body A, it is usually possible to 
discover a mechanical connexion between the two bodies 
which allows the influence of A to bo traced all the way 
across the intervening region. The question thus arises 
whether, in electric attractions across apparently empty 
space and in gravitational attraction across the celestial 
regions, we are invited or required to make search for 
some similar method of continuous transmission of the 
physical effect, or whether we should rest content with 
an exact knowledge of the laws according to which one 
body affects mechanically another body at a distance. 
The view that our knowledge in such cases may be com- 
pletely represented by means of laws of action at a dis- 
tance, expressible in terms of the positions (and possibly 
motions) of the interacting bodies without taking any 
heed of the intervening space, belongs to modem times. 
It could hardly have been thought of before Sir Isaac 
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Kewton’B discovery of the actual facts regarding universal 
giavitation. Although, however, gravitation formed 
the most perfect instance of an influence completely 
expressible, up to the most extreme refinement of accuracy, 
in terms of laws of direct action across space, yet, as is 
well known, the author of this ideally simple and i)erfect 
theory held the view that it is not possible to conceive of 
direct mechanical action independent of means of trans- 
mission. In this belief he differed from his pupil Cotes, 
and from most of the great mathematical astronomers of 
the 18 th century, who worked out in detail the Usk 
sketched by the genius of Newton. They were content 
with a knowledge of the truth of the principle of gravita- 
tion; instead of essaying to explain it further by the 
proi)erties of a transmitting medium, they in fact modelled 
the whole of their natural philosophy on that principle, 
and tried to express all kinds of material interaction in 
terms of laws of direct mechanical attraction across sjiacc. 
If material systems are constituted of discrete atoms, 
separated from each other by many times the diameter of 
any of them, this simple plan of exhibiting their inter- 
actions in terms of direct forces between them would 
indeed be exact enough to apply to a wide range of 
cjuestions, provided we could Ikj certain tliat the laws of 
the forces depended only on the ])osition8 and not also 
on the motions of the atoms. The most important 
exam])lc of its successful application has Im^oii the theory 
of capillary action elal)oratf».d by J^aplacc ; though even 
here it appeared, in the hands of Young, and in complete 
fulness afterwards in those of GSiuss, that the definite 
results attainable by the hypothesis of mutual atomic 
attractions really reposed on much wider and less Rjiccial 
principles — those, namely, connected witli the modern doc- 
trine of energy. 

hUa of an — The wider view, according to which 

the hyjiotliesis of direct transmission of physical influences 
expresses only part of the facts, is that all sjiace is filled 
with jdiysieal activity, and that while an influcnco is pass- 
ing across from a body A to another body B, there is some 
dynamical process in action in the intervening region, 
though it apjM'ars to the senses to lie mere empty s])acp. 
The (picstion is whether we c^n rc])rcsent th(* facts more 
8iin])ly by supposing the intervening s])actJ to be occu])ied 
by a medium which transmits jihysical actions aftiT the 
manner that a continuous material medinin, solid or liqiihl, 
transmits inecliaiiical disturbance. Various analogies ot 
this sort are oi^en U) us . for example, the way in which a 
fluid medium transmits jiressure from one immersed solid 
to another -or from one vortex ring Ixdonging to the fluid 
to another, which is a much wider and more suggestive case , 
or the way in which an elastic fluid like the atmosphert* 
transmits sound ; f)r the way in winch an elastic solid 
transmits waves of transverse as well as longitudinal dis- 
placement. It IS on our familiarity with modes of trans- 
mission such as these, and with the exact analyses of them 
which the science of mathematical physics has been able 
to make, tliat onr predilection for filling space with an 
ajthereal transmitting medium, constituting a universal 
connexion between material bodies, largely detxsnds ; 
fieriiaps ultimately it depends most of all, lito all our 
physical conceptions, on the intimate knowledge that 
we can ourselves exert mechanical effect on outside bodies 
only through the agencies of our limbs and sinews. The 
problem thus arises, Can wo form a consistent notion of 
such a connecting medium V It must be a medium which 
can bo effective for transmitting all the types of physical 
action known to us ; it would be worse than no solution 
to have one medium to transmit gravitation, another to 
transmit electric effects, another to transmit light, and so 
on. Thus the attempt to find out a constitution for the 
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Aether will involve a synthesis or intimate correlation of 
the various typos of jiLysical agencies, whicli appear so 
different to us mainly liecause we perceive them through 
different senses. The evidence for this view, that all these 
agencies are at bottom connected together ami imrts of 
the same scheme, was enormously strengthened during the 
latter half of the 19th century by the devolojniicnt of a lehi- 
tion of simple quantitative equivalence lietwocii tlicm , it 
has been found that we can define (piantities relating to 
them, under the names of mochanusil energy, eJedne 
energy, thermal energy, and so on, so that when one of 
them disappears it is riqflaccd by the others to exai tl} 
equal amount. This single principle of energy has trans* 
formed physical science by making jiohsilile the construc- 
tion of a network of ramifying connexions between its 
various dejiartments : it thus stimulates the belief that 
these constitute a single whole, and encourages the search 
for the complete scheme of interconnexion of which the 
principle of energy and the links which it suggests form 
only a single feature. 

Atoiidc J^trvHurc of Matter , — The greatest o])s1acle 
such a search is the illimitable complexity of matter, as 
contrasted wfitb th(‘ theoretical simj dicity ami uniioiniity 
of the physical agencies wdiich connect togetJier its difh‘ient 
yiarts. It has been maintained since the tunes of the early 
Greek philosophers, and ]>os8ibJy even more remote ages, 
that matter is constituted of independent indestrm til>le 
units, which cannot ever become divided by means ot any 
mutual actions tliey c-an exert. Since the period, a century 
ago, when Dalton and his contemj>orarics constnictefl from 
this idea a scientific basis for chemistry, the jn ogress of 
that subject has been wonderful beyond any com option 
that could previously liavc been entertained . ami the 
atomic theory in some form appears now to be an imlis- 
jiensable part of the framework of physical scieme Now 
this doctrine of material atoms is an almost necessary 
corollary to the doctrine of a universal aether. For if 
w’e held that matter is continuous, one of tw'o alternatives 
would be open We might consider that matter and a.‘tlicr 
can co-cxist in the same space ; this w'ould involve ihe. 
co-cxistenee and interaction of a double set of jirojicrties, 
introducing great complication which would place any 
coherent scheme of physical action ])robab]y beyond the 
powers of human analysis. Or we might consider that 
lether exists only where matter is not, thus making it a 
very rare and subtle and elastic kind of matter ; then we 
should have to assign these very propiTties to the matter 
itself where it rei>laces lether, in mhlition to its more 
familiar projiertics, and tlie comjilication would remain. 
The other courst* is to consider matter as formed of nltiniate 
atoms, each the nucleus or core of an intrinsic modification 
impressed on tlie surrounding regiim of the a^thi r , this 
might conceivably be of the nature of vortical motion of a 
liquid round a ring-core, thus giving a vortex atom, or of 
an intrinsic strain of some sort radiating from a core, 
which w’ould give an electric atom We recogui/e an atom 
only through its physical activities as manifested in its 
interactions with other atoms at a distance from it ; this 
field of physical activity would be identical with tlio 
surrounding field of lelhereal motion or strain tliat is 
associated with the atom, and is c.iiried on along with it 
as it moves. Hero then w’o ha\e the basis of a view 
in which there are not Iw'o media to be considered, but 
one medium, homogeneous in essence and tliflcreiiliatcd 
as regards its parts only by the presence of nuclei of 
intrinsic strain or motion— in wliich the jjhysical activi- 
ties of matter are identified with tliose arising from the 
atmospheres of modified mther wiiich thus belong to 
its atoms. As regards laws of general physical inter- 
actions, the atom is fully represented by the constitu- 

f=l. I. — 14 



^ T H E R 


106 

ticm of thiH atmosphere, and its nucleus may be left 
out of our discussions ; but in the ]>roblcm8 of biology 
great tracjts of invariable correlations have to be dealt 
with, which seem hoi)elessly more coni] ilex than any known 
or humanly possible jihysicaJ scheme. To make room for 
these we have to nMiicmber that the atomic nucleus has 
remained <*ntirely undefined and beyond our problem; so 
that what may oci'ui, say when two molecules come into 
close lehitioris, is outside physical science — n<it, however, 
altogether outside, for we know that when the vital mxwi in 
any iiortion of matter is dissolved, the atoms will remain, 
in tlaur number, and their atmosjilitTes, and all inorganic 
relations, as they were before vitality sujiervened. 

Nulai'f of Pro/tert ixH of Muternil — It thus 

ap]K!ars that the doctrine of atomic mat(*rial constitution 
and the doctrine of a univ(‘,rHal a'ther stand to each other 
III a ridation of mutual supjiort ; if the scheme of jdiysical 
laws is to be as ])n*cisti as observation and measurement 
apjM'ar to make it, both doctrines art* reijuirtsd in our efforts 
towards synthesis. Our direct knowledge of matter can, 
however, nevtir be mon*. than a rough knowledge of the 
geni‘ral average behaviour of its molecules; for the smallest 
material sjieck that is seiisiblii to t)ur coarse perceptions 
C4)nt{iiiiH myriads of atoms. The iirojMsrties oi the most 
minute jiortion of matter which we can examine are thus 
of the nature of averages. We may gratlually invent 
mc*ans of tracing more and mon' closely thc^ average drifts 
of translation or oiientation, or of changes of arrange- 
ment, of the atoms, but th(»re wdll always remain an 
unaveraged residue devoid of any n*cognized regularity, 
wdiicli we ean only (sstimate by its total amount. Thus, if 
we are treating of energy, we can separate out mechanical 
and electric and other constituents in it ; and there will 
be a residue of which we know nothing excejit its (piantity, 
and which we may call tluTinab This merely thermal 
(*n(*rgy- which is gradually but vi*ry slowly In'ing restricted 
111 amount as new sulisidiary organizcul ty])es bi’come recog- 
niscMi in it— though traiismutjibli* in equivabmt quantities 
with the oth(*r kinds, yi*t is so only to a limited extent ; 
the tracing out of the laws of this limitation tielongs to the 
science of thermodynamics. It is the business of that 
science, to find out what is the greatest amount of thermal 
energy that can jiossibly bt» recovemble into organized kinds 
umhu* given circumstances. The discovery of definite 
laws in this r(?gion might at first sight seem hopeless ; but 
the argument rests on an iinidied jiostulate of stability 
and continuity of constitution of material substiiiices, so 
that after a cycle of transformations wi‘ exjiect to n^cover 
them again as they were originally — on the postulate, in 
fact, that w(^ do not exfiect them to melt out of organized 
existence m oui Iiaiids. The laws of thermodyuaniic.s, 
including the fmidamental jiriiiciple that a jihysKval pro- 
j>erty, called ttmifieratiire, can bt* defined, which tends 
towards uiiiforinity, au* thus relations In'tween the jiro- 
])erties of tyjies of matisnal bodies that ean exist ])erina- 
neiitly in ]n*esence of i^acli other , why they so maintain 
themselves nunains unknown, but the tact gives a j)oint 
iVappiii, Eetuniing new te the letlier, on our jiresent 
point of view no su(‘h complications then* aiise ; it must 1 h^ 
regarded as a coiitmiieiis iiniloriii medium free from any 
complexities of atoiiiie aggregation, \\hose function is 
confined to the. transnussioii nf llie various types of 
]»hysical effect between the jiortions of matter. The 
jiroblem of its constitution is thus one which can be 
attacked and continually ap])roxiimited to, and which 
may possibly Ixj definitely resolved. It has to Ixj com- I 
])etent to transmit the transverse waves of light and 
electricity, and tlie otluT known radiant and electric 
actions ; the way in which this is done is now in the main 
known, though there are still questions as to the mode 


of expression and formulation of our knowledge, and also 
as regards points of detail. This great advance, which is 
the result of the gradual focussing of a century’s work in 
the minute exjdoratiou of the exact laws of optical and 
electric phenomena, clearly carries with it deeper insight 
into the physical nature of matter itself and its inodes of 
inanimate interaetlon. 

if wo rest on the synthesis here described, the energy of 
the matter, even the thermal part, appears largely as poten- 
tial energy of strain in the aether, which interacts with 
the kinetic energy asssociated with disturbances involving 
finite velocity of matter. It may, however, be maintained 
that an ultimate analysis would go deejier, and resolve all 
phenomena of elastic resilience into consequences of the 
kinetic sbibility of steady motional states, so that only 
motions, but not strains, would remain. On such a view 
the tether might conceivably bo a perfect fluid, its funda- 
mental projierty of elastic, reaction arising (as suggested by 
Kelvin and FitzGerald) from a structure of tangled or in- 
terlaced vortex filaments pervading its substance, which 
might conceivably arrange themselves into a stable con- 
figuration and so resist deformation. This raises the 
further question as to whether the transmission of gra- 
vitation can be definitely recognized among the pro- 
perties of an ultimate medium ; if so, we know that it 
must be associated witli some feature, perhajis very deep- 
seated, or on the other hand perhaps depending simply on 
incompressibility, which is not sensibly implicated in the 
electric and o])tical activities. With reference to all such 
further refinements of theory, it is to be borne in mind that 
the ]>erfect fluid of hydrodynamic analysis is not a merely 
passive inert phnnm ; it is also a with the pro- 

])erty that no finite internal slip or discontinuity of motion 
can over arise in it tliyough any kind of disturbance ; and 
this property must be postulated, os it cannot be explained. 

Motion of Material AtopiH through the jEtJmr, — An 
important question arises whetlnsr, when a material body 
is moved through th(‘ aithcr, the nucleus of each atom 
carries some of the surrounding tether along with it ; or 
whether it practically only carries on its strain-fomi or 
physical atmosjihere, which is transferred from one por- 
tion of tether to another after the mann(»r of a shadow, 
or rather like a loose knot which can slij) along a rope 
without the rope being required to go with it. We can 
obtain a ]jertinent illustration from the motion of a vortex 
ring in a fluid; if the circjular core of the ring is thin 
eomjiared with its diameter, and the vorticity is not v(*ry 
gn»at, it is the vortical state of motion that traviils across 
the fluid without transporting the latter bodily with it 
except to a slight extent very close to the con*. We might 
thus imagine a structure formed of an aggregation of very 
thill vortex rings, which would move across the fluid with- 
out sensibly disturbing it ; on the other hand, if formed of 
stronger vortices, it may transport the portion of the fluid 
tliat is within its own strucjture along with it as if it were 
a solid mass, and therefore also ]jush aside the surrounding 
fluid as it jiasses. The motion of the well-known steady 
s]>herical vortex is an examjde of the latter ease. 

Conuectu/n of Ojitixal Waves. — The nature of the 
motion, if any, that is ])rodueed in the surrounding 
regions of the a‘tlu)r by the translation of matter through 
it, can be investigated by optical experiment. The obvious 
body to take in the first instance is the Earth itself, 
which on account of its annual orbital motion is travelling 
through syiace at the rate of about 18 miles per second. 
If the surrounding seiher is thereby disturbed, the waves 
of light arriving from the stars will partake of its niovo- 
meut ; the ascertained phemonena of the astronomical 
aberration of light show that the rays travel to the 
observer, across this disturlied aether near the Earth, in 
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straight linos. Again, wo may split a narrow beam of 
light by partial reflection from a transparent plate, and 
recombine the constituent beams after they have traversed 
different circuits of nearly equivalent lengths, so as to 
obtain interference fringes. The position of these fringes 
will depend on the total retardation of the one beam with 
respect to the other ; and thus it might be expected to 
vary with the direction of the Earth’s motion relative to 
the ai>paratus. But it is found not to vary at all, <*ven 
up to the second order ()f the ratio of the Earth’s velocity 
to that of light. It has in fact been found, wnth the 
very great precision of which optical experiment is cap- 
able, that all terrestrial optical phenomena — reflection, 
refraction, polarization linear and circular, diflraction — 
are entirely unaffected by the direction of the Earth’s 
motion ; and this is our main experimental clue. 

We pass on now to the theory. We shall make the 
natural supposition that motion of the asther, say with 
velocity {u,v,w) at the point (cr,//,c), is simply su]>er- 
]>osed on the velocity V of the optical undulations through 
that medium, the latter not being intrinsically altered. 
Now the direction and phase of the light are those of the 
lay w'hich reaches the eye; and by Fermat’s j>rinciple, 
established by Huygens for undnlatory motion, the path 
of a ray is that trat*k along which the disturbance travels 
in least tune, in the restricted sense that any alteration of 
any short reach of the path will increase the time. Thus 
the path of the ray wdien the asther is at rest is the curve 
which makes y?/«/V least; but whcn.it is in motion it is 
the curve which makes /dsj(y + -f mv + nw) least, whore 
(/, ?/i, n) is the direction vector of Ss. The latter integral 
becomes, on exijanding in a senes, 

Jds/ V - j\ udx + vdd + v'dz)/y^ 1 j\ udx + vdy + vjdzf/\^ds + . , 

.since Ids --dr. If the path is to be unaltered by the 
motion t»f the aithcr, as the law of astronomical aberration 
suggests, this must differ from fdsjY by terms not depend- 
ing on the path — that is, by terms involving only the 
begiiinmg and end of it. In the case of th(? free aether V 
IS constant; thus, if w^e neglect squares like (t^/V)'^, the 
condition is that udx + vdt/ + wdz be the exact differential 
ot some function </>. If this relation is true aloug all 
paths, the velocity of the aether must be of irrotational 
type, like that of frictionless fluid. Moreover, this is 
])recisely the condition for the aliseiice of interference 
between the com])onent of a split beam ; because, the time 
of passage boiug to the first order 

/dsjW -h vdij + wds)iy\ 

the second term will then be inde])endoiit of the path 
(</) being a single valued function) and therefore the same 
lor the i)aths of both the interfering beams. If therefore 
the icthtT call be put into motion, w-e conclude that such 
motion. 111 free space, must be of strictly irrotational tjqie. 

But our experimental data are not corifine<l to free 
space. If r is the velocity of radiation in free space and 
/I the it'fraetive index of a transparent body, V ~ c/fj. ; 
dius it is the expression c Yfi^{udx-^vd^-^w'dz) that 
is to be integrable exactly, where now is what 

is added to V owring to the velocity (ujV,uf) of the medium. 
As however our terrestrial optical apparatus is now all 
in motion along with the matter, we must deal with the 
rays relative to the moving system, and to them also 
I ermat’s principle clearly applies; thus V + {lu + mv + nw') 
IS here the velocity of radiation in the direction of the 
J’jiy, but relative to the moviug material system. Now 
the expression above given cannot be integrable exactly, 
uimer all circumstances and whatever be the axes of co- 
ordinates, unless (jjfiu\fiW,/jL^w) is the gradient of a con- 
tinuous function. In the simplest case, that of uniform 
ranslation, these components of the gradient wdll each be 
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constant throughout the region ; at a distant iilace in free 
mther where there is no motion, they must thus be equal 
to - w, - V, - Wy as they refer to axes moving with the 
matter. Hence the jiatlis and times of jiassagc of jill lays 
relative to the material system will not be altered by a 
uniform motion of the Hystt‘m, provided the velocity of 
radiation relative to the system, in niatt^iial of in(h‘x p, is 
diminished by /x”^ times the velocity of the system in the 
direction of the radiation, that is, jirovided the absolute 
velocity of radiation is iiicreastMl by 1 - /a - tiiias the s.iiil 
velocity ; this involves that the free u'ther for wlueh // is 
unity shall remain at rest. This statemeut constitutes the 
famous hypothesis of Fresnel, w'hich thus ensures that all 
] phenomena of ray-j>ath and refraction, and all those 
depending on phase, shall be unaftecti‘d by uiiiforiii con- 
vection of the maWrial medium, in accordance wuth the 
results of experiment. 

Is the Stationary or ^lohilr f- --This theory secures 

that the times of jiassage of th(! rays shall lx* iadt*pt'n(l- 
ent of the motion of the sysU*m, only up to the first oi der 
of the i-atio of its velocity to that of radiation. But a 
classical experiment of Miehelsou, in which th(‘ ray jiath 
was wdiolly in air, showed that the imlept*iidence extends 
to higher orders. This result is iiicmisistent w^ith the 
rnther remaining at rest, unless wt assume that the dinieii- 
sious of the moviug system depend, though to an extent 
so small as to lie not otherwise detectabb*, on its orienta- 
tion with regard to the aither that is streaming through 
it. It is however in complete accordance with a view 
that would make thi^ aether neur the Earth fully jiar- 
take in its orbital motion — a view which the null effect of 
convection on all terrestrial optical and electrical jiheiio- 
inena also strongly suggests. But the lethcr at a great 
distance must in any case be at rest; while the facts of 
astronomical aberration requirii that the motion of that 
medium must l)e irrotational. These conditions cannot be 
consistent with sensible convection of the a'thcr near the 
lilarth without involving discontinuity in its motion at some 
intermediate distance : so that we are throw^i back on the 
previous theory. 

Another pow^erful reason for taking the a*ther to be 
stationary is affordiul by the character of the (‘(juatioiis of 
electrodynamics; they are all of linear type, and super- 
position of effects is jiossible. Now' the kinetics of a 
medium in which the ]iarts cun havi* finite relative motions 
will lead to equations which are not linear- as, for examjiie, 
those of hydrcHlynamics — and the phenomena will be far 
more complexly involved. It is tiue that the theory of 
vortex rings in hydrodynamics is of a simpler tyjic ; but 
electric currents cannot be likened to peimaneiit vortex 
rings, Ixieause their circuits e^ui be broken and the element 
of steadiness on which the simplicity dcjieiids thereby 
destroyed, 

Dynamival Tlmories of the ^IJther, — Thi* analytical equa- 
tions which represent the piopagalion of light in free 
aether, and also in aether modified by the presence of 
matter, w'cre originally developed on the analogy of the 
ecjuatious of propagation of elastic eftects in solid media 
(See Wave Theory, IJncy. JJnt. vol. xxiv,). Aarious 
types of elastic solid medium have thus been invented to 
represent the lether, w'lthout coiiqilete success in any case. 
In MacCullagh’s hands the conect eqiuitioiis w>*ie derivc‘d 
from a single energy formula by the ]>rineij>lc of least 
action ; and while the validity of this liyiiamical method 
w^as maintained, itw^as frankly admitted that no incchanical 
analogy w'as forthcoming. When Clerk Maxw'ell i>ointi*tl 
out the w^ay to the common origin of ojitical and clectiical 
phenomena, these equations naturally came to repose on 
an electric basis, the connexion having been first definitely 
exhibited by FitzGerald in 1878; and according as the 
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independent variable was one or other of the vectorB which 
represent electric force, magnetic force, or electric polarity, 
they took the form appropriate to one or other of the 
elastic theories above mentioned. 

In this place it must suffice to indicate the gist of the 
more recent dev(?lopmeuts of the electro-optical theory, 
which involve the dynamical verification of Fresners 
hypothesis regarding oyitical convection and the cither 
relations above dcHcribed. The tether is taken to be at 
rest ; and the strain* form. s belonging to the atoms are the 
electric lields of the intrinsic charges, or electrons, in- 
volved in thmr constitution. When the atoms are in 
motion these strain-forms produce straining and unstrain- 
ing in the author as tliey pass across it, which in its 
motional or kinetic aspect eonstitutes the resulting mag- 
iicitic lieM ; as the strains are slight the coefliciont of 
iruTtia lien‘ involved must bii great. True (dectric eurrent 
arises solely from conviiction of the atomic charges or 
electrons ; this current is therefore not restrict'd as to 
form in any way. But when the rate of change of irthereal 
strain — that is, of (///,//) s])ecdi('d as Maxwell’s electric 
displacement in free sether — is added to it, an analytically 
convtmient vt'ctm* is obtained wliich jiossesses the? 

characteristic ])roperty of being circuital like tin*, flow of 
an iiicoiupressibh' fluid, and lias therefore been made 
fundaninntal in the tht'ory by Maxwell under the iiatne of 
the total electric eurreul. 

As already mentioned, all efibrts to assimilate optical 
propagation to transmission of waves in an ordinary solid 
medium have failc'd , and though the ide,a of regions of in- 
trinsic strain, as lor example in unaniK'alcd glass, is familiar 
in physics, yet on account of the abseiu'o of mobility of 
the strain no attempt had been made to eiri])loy them to 
illustrate the electric lields of atomic charges. The idea of 
MacCiillagli’s a'tlier, aiul its jiroperty of purely rotational 
elasticity winch liad been eviioumled objectively by Kaii- 
kine, was tlierofore much vivilied by Lord Kelvin’s spec'ili- 
catioii 111 IS81) of a material gyrostatieally constituted 
medium which would jiosscss this character. More recently 
a way lias been pointed out in wliieli a mobile jiermanent 
field ol cliM'tne force could exist in such a medium so as to 
travel iriiely in company with its nucleus or intrinsic chaige 
- -'th(? nature of the mobility of the hitter, as well as its in- 
tiiiiaie constitution, remaining unknown. 

A dielectric substance is electneally ])olarized by a field 
of electric force, the atomie ])oles being made uj> of the 
disphici'd jiositive and lu'gative intrinsic charges in the 
atom • th(* polarization per unit volume may 

be defined on the analogy of magnetism, aiul 
thus constitutes tiiie tfiectric current of polarizaium, ?.c., 
of electric st'paiatmn in the molecules, sp(!cified p('r unit 
volumi*. 'J’lio convection of a medium thus polarized 
involves electric distui bailee, and then*fore must con- 
tribute to the true <‘leetric current ; tlic deb'rmiiiation 
of this constituent of the curri'nt is the most delicate j»oint 
in the investigation. The usual definition of the com- 
ponent ourivnt m any direction, as the net amount of 
electrons >vhich crosst^s, towards the positive side, an 
element of siirfaci' fured ?w at right angles to that 

direction, per unit area ]H*r unit time, here gives no defiiiit<* 
result. The establishment and eonvection of a single 
polar atom constitiib^s in fact a ^///wunognetization, tin* 
negative poU's comjileting tin* curn'Ht circuits of the posi 
tive ones. But in the transition from molecular theory 
to the electrodynamics of extendc'd media, all magnetism 
has to be replaced by a distribution of current ; the latter 
being now specified by volume as well as by flow, (ia,'w,?c)5t 
is the current in the element of volume 8t, In the 
present case the total dielectric contribution to this cur- 
rent works out to be the change per unit time in the 


electric separation in the molecules of the element of 
volume, as it moves uniformly with the matter, all other 
effects ^ing compensated molecularly without affecting the 
propagation.^ On subtracting from this total the current 
of establishment of polarization djdt{fy(j\K\ already for- 
mulated above, there remains ydldx(f\ff\h') as the current 
of convection of polarization when the convection is taken 
for simplicity to be in the direction of the axis of x with 
velocity v. The polarization itself is determined from the 
electric force (l',Q,R) by the usual statical formula 






because any change of tlie dieh'ctric constant K arising 
from the convection of the material through the aether 
muBt be indejieudent of the sign of v and therefore be of 
the second order. Noiv the electric force (P,Q,Il) is the 
force acting on the ehsetrons of the medium moving with 
velocity v ; conscipicntly by Faraday’s I'lectrodyuamic law 

whore (r',Q',R') is the force tliat would act on electrons at 
rest, and is the magnetic induction. The latter force 

IS, by Maxwell’s hyj)otlicsi8 or by the dynamical theory of 
an Hither pervaded by electrons, the same as that which 
strains the Hither, and may be called thii etthereal force ; . 
it thereby jiroduces an a'thcreal electric displacement, say 
according to the relation 

(/,„,//) 11 '), 

in which c is a constant belonging to the lether, which 
turns out to l>e the velocity of light. The current of 
a'thercal disjilacement /',</, A) is what adds on to the 
true electric current lo produce the total circuital current 
of Maxwell. 

Wc have now to substitute these data in the universally 
valid circuital relations — namely, (i) hue inti'giul of niag- 
ni'tic force round a circuit is ('qual to Itt times thi^ current 
through its upertiin*, M^hu'h may be ri'garded as a definition 
of the constitution of the ivtlier an(l its relation to the 
electrons involvi'd in it ; and (ii) line integral of the 
olt'ctric force belonging to any material circuit (/.«,, acting 
on the electrons situated on it which movi* with thi' 
vt'locity of the matter) is eipial to inmnn the. t.ime-ratc of 
change of the magnetic induction through that circuit as it 
moves with tin* matter, tins being a dynamical coiis(M|ueiice 
of the a'thereal coustituiiou assigned in (i). 

We may iiow^, as is somewhat th(* more natural conrst* 
m the ti'rrestrial a]>plication, take axes (•/’,//,::) which 
move with the matter ; but the current must be invariably 
dc'iined by the flux across surfaces fixed in space, so that 
we nuiy say that relation (i) refers to a circuit fixed in 
8])ace, while (ii) refers to one moving with the iiwitter. 
These circuital relations, when expressed analytically, are 
then for a dielectric medium of tyj>es 
dy . 

I - j =4Trti, . , 

t/// dz 






ami , , 

dy dz (IV 

wliere, when magnetic quality is inoperative, the mag- 
netic induction c) is identical with the magnetic 
force (u,^,y). 

These eijuations determine all the jihcnomena. They 
take this simple form, however, only when the movement 
of the matter is one of translation. If o varies with 
respect to locality, or if there is a velocity of convection 
(p, 7 ,r) variable with respect to direction and position, the 

1 Bee Lorentz, loc, cU, iitfra; Larmor, jEtherand Matter, p. 262 
and pasaini. 
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analytical expression of the relation (ii) assumes a more 
complex form ; we thus derive the most general equations 
of electrodynamic proi)agation for matter treated as con- 
tinuous, anyhow distributed and moving in any manner. 

For the simplest case of }>olarized waves travelling parallel 
to the axis of a?, with the magnetic oscillation y along z and 
the electric oscillation Q along y, all the quantities are 
functions of x and t alone ; the total current is along y 
and given with respect to our moving axes by 


V 



— V 


d \ Q-I- 1/7 d 
dx) 4iro® ^ dt 



also the circuital relations hero reduce to 


dy 
' d,e 


= 4irv, 


dx dt ‘ 


dj^~ 


thus 

giving, on substitution for c, 
(c2 


•4 IT 


dv 

dt 


^ d/^ iU^ “ dxdi * 


For a simple wave- train, Q varies as 8 inm(j:-V#), 
loading on substitution to the velocity of propagation 

V relative to the moving material, by means of the equation 
KV*^ + -i>V — < - - this gives, to the first order of i»/o, 

Y = c/K^ - u/K, which is in accordance with l^Vesnel’s law. 
Trains of wavcjs nearly but not quite homogeneous as re- 
gards wave-length will as usual be projiagated as wave- 
groujis travelling with the slightly different velocity 

the value of K occurring in V being a 
function of A determined by the law of optical dispersion 
of the medium. 

I’’or pur])o.ses of theoretical discussions relating to moving 
radiators and reflectors, it is important to remember that 
tli (5 dynamies of all this theory of electrons involves the 
neglect of terms of the order not merely in the value 

of K but throughout. 

The modifi(*ation of the sjioctrum of a radiating gas by 
a niagru'tic fitjld, such as would result from the hypothesis 
tliat the radiators are the system of revolving or oscillating 
electrons in the molecuh*, was detected by Zeeman in 
1S‘JG ; more niinut(» investigation has largely confirmed the 
])rc(lictions as to its character that were made by H. A. 
Jjore.ntz and others on the basis of the theoretical ideas 
here sketched. 


Relerencu may be made generally to Maxwell. Collected 
ro/ters —II. A. Lokentz. Ardiives Nderlandaises, x.\i 1887, 
find x\v. 1892; and a tract, Vermeil emcr Thcuiie der elec- 
frtse/im uiui opOhsciien J^jrsckeinuiujrn %ih bewegten Korpern, 
Leyden, 1895. 0 LuDOE. “Aberration rrobleins,” riiit. 

TniM. 189:i and 1897. — J. Laemok, IVid. Turns, 1894-5-7, 
and a treati'io ^ther and Mattery C'ainbridge Univ, Press, 1900, 
wJiere iiil] refeieuces are given. See also in JCnctj. Br%t. (9th 
I'd ) artidoa A'iom, Ethek, MoLE<^CLJfi, Elec’I'kicity, Wave 
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Affreiflrhtmenti — Contract of AjI'rcightment is 
the expression usually employed to descrilie the contract 
between a shipowner and some other pijrson called the 
freighter, by which the shipowner agrees to carry goods 
of tlie freighter in his ship, or to give to the freighter the 
use of the whole or jiart c)f the cargo-carrying spice of the 
ship for the carriage of his goods on a s))ecified voyage or 
voyag(is, or for a specified time ; the freighter on his part 
agreeing to jiay a specified price, called “ freight,” for the 
carriage of the goods or tht) use of the ship. A shiji may 
iKi lot like a house to some i^rson who takes possession 
und control of it for a specified term. Tlie jierson who 
hires a ship in this way occu]>ies during the currency of 
hia term the position of shipowner. The contract by 


which a ship is so let may be called a charter-party ; but 
it is not, properly speaking, a contract of affreightment, 
and is mentioned here only because it is necessary to 
remember the distinction between a charter-party of this 
kind, which is sometimes called a demise of the ship, and 
a chirter-party which is a form of contract of affreight- 
ment, as will hereinafter appear. 

The law with regard to the contmet of affreightment is, 
of course, a branch of the geneial law of contract I'hc 
rights and obligations of the shijiowner and the freight 
de|)cnd, as in the c^so of all parlies to contracts, upon the 
terms of the agreement entered into Ixitween them. The 
law, however, interferes to some extent in regulating the 
effect to be given to contracts. (Certain <*ontracts arc for- 
bidden by the law, and being illegal are, therefore, in- 
capable of enforcement. The most impor^nt exain})]e of 
illegality m the case of contracts of affreightment is when 
the contract involves trading with an enemy. The law 
interferes again with regard to the interpretation of the 
contract. The meaning to bti given to the words of the 
contract, or, in other words, its construction, when a dis- 
pute ariK(»s about it, must lx? determined by the judge or 
court. The result is, that certain nmre 01 loss common 
clauses in contracts of affreightment have come bclon* the 
courts for constniction, and the decisions in these cases 
are treated practically, though not jierhaps quite logically, 
as rules of law determining the sense to be ]nit up^jii cer- 
tain forms of expression in common use in shipjung 
contracts. A third way in whic'h the law int(*rferes is by 
laying down certain rules by which the rights of the 
[Kirties are to be regulated in the absen(*e of any express 
stipulation wnth n‘gard to the matter dealt with by such 
rules. This is done either by statutory enactment, as by 
that part (Part VII 1.) of the Merchant Shipping Act, 
1894, wdiieh deals with the liability of shijiowneis ; or by 
established rules of the unwTitten law', the “ cfimmoii law " 
as it IS called, as, for instance, the rule that the 
common carrier is abholiitely responsible for the of law, 
safe delivery of the goods carried, unless it is 
prevented by the act of God or the Kings enemies. 
These rules of Jaw, w'hether common law' or stiitute law, 
regulating the obligations of carriers of goods by sea, arc 
of incist importiinco in cases which ar(‘ uncommon though 
not unknow'n at the piesent da}, 111 which thcie is an 
affreightment without any written agi cement of any kind. 
It will, therefore, lx* convenient to consider first cases of 
this kind w'here there is no exjjress agreement, oral or 
written, exee])t as to the freight and dcstinatuui of the 
goods, and where consequently the rights and obligations 
of the parties as to all other terms ol carnage dejiend 
wholly upon the rules of law, remembering always that 
these same rules apply when there is a WTitlen contract, 
except in so far as they are cjualified or negatived b} the 
ti'rms of such contract. 

The rules of the common or ancient customary law of 
England with regard to th(‘ carnage of goods were no 
doubt first considered by the courts and established with 
regard to the carnage of goods by common earners on 
land. These rules were applied to common carriers by 
wrater, and it may now' Ix' taken to Ixi the geneial rule 
that shipow'iiers wlio carry goods by si'u are by the 
English law' subject to the liabilities of common oarrieis. 
(See as to the grounds and precise extent of this doctrine 
the judgments in Liver Alkali Company v. Ju/ni^oiiy L.K., 
7 Ex, 267, and Nuyent v. Simik^ 1 CMM). 423.) In 
practice ^oods are not often shiiiped without a written 
contract or acknowledgment of the tenns upon which 
they are to bo carried. For each seimnite consignment or 
])arcel of goods shipped a bill of hulivy is almost mvari- 
ably given, and when a whole cargo is agreed to be carried 
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the terms are set out in a document called a charier-partff^ 
signed by or on behalf of the shiiiowner on the one jmrt, 
and the shipf^er, who is called the cJuirterer^ on the 
other pirt. But at present we are considering the rela- 
tions of shipowner and 8hi])ijer indejKjndeiitly of any 
exj)ress contract, as in a cjisci when goods are ship[>ed 
and received to 1)0 carried to the ]>lace to which the ship 
is bound for a certain freight, but without any further 
agreement as to the tiTiiis of carriage. In such a case 
the rights of the partw^s dcjieud on the rules of law, or, 
Indetautt '^vhich is much th(i same thing, U})on the 
otexpream warranties or promises which though not 
contract. exjire.ssod must, as the courts have held, 1x5 
imiilicd as arising from the relation between the pirties 
as shipper and carrier. The obligations on the one side 
and th<i other may 1x5 detined shortly to be as follows : — 
The ship])er must not ship goods of a nature or in a 
condition wliifjli Ikj knows, or ought, if he used reasonable 
care, to know to lx* dangerous to the ship, or to other 
giiods, unless the Hlii]K)wn(‘r has notic(5 of or has siiflicient 
op]iortunity to observe their dangerous character. The 
shipper must Ix) jircparevd, without notice from the ship 
owner, tf) take (lelivi*ry of liis goods with reasonable 
despatch on this anival c)f tlu5 ship at the place of destina- 
tion, being ready tli(‘n* t<» discharge m some usual dis- 
charging j»Iac<*. Tin* slnpjwT must pay the agreed freight, 
and will not be (*ntitl(‘d to <‘laim delivery until the freight 
has been ]ui(l in other words, the shipowner has a hnt 
on the goo»ls <Ninied for the freight jiayable in res]X5r.t of 
the carnage. On the oth<5r hand the obligation upon the 
shipowner is fust and foremost to deliver safely at their 
destination tin* goods sliipjx'd, and this obligation is, by 
the common la\\, siil)j(*ct to this exception only that the 
shiiiownei is not liable for loss or damage caused by the 
act of Ood or the King’s oiicinies ; but by statute 
(Merchant Shipping Act, 1H91, Tart VIFL) it is further 
ipialitied to this (*\tent that the shijiowuer is not liable 
for loss, liappi'ning without his actual fault or Jirivity, by 
fir(5 on board llu* slii]), or by the roblxuy, or embez/lemeut of, 
or making .iway with g<dd, or silv(*r, or jewellery, the true 
nature and value of whicJi liavc not been declared in 
wi’iting .it the time of shiiuiieiit ; and, further, the ship- 
owner IS nf>t liable for damagi* to or loss of goods or 
merch.indiM* heyond an aggr(‘gate amount, not exceeding 
eight jxiimdh ]H*r ton for each ton ot the ship’s tonnage. 
The shipowner is bound by an implied undertaking, or, in 
other words, is made responsible by tbt5 law as if he had 
eTitore<l into an (‘\press undertaking : (1) that tlm ship is 
seaworthy ; (U) that sJie shall jiroceed upon the voyage 
with reasonalile desjiatch, and shall not deviate without 
necessity from tin* usual course of the voyage. 

It is not our pur]»ose in this article to discuss niinuti^ or 1 
doubtful <piestions: but in tlieir general outline tlie obliga- 
tions of sliipper and slnpovMier, 'where no terms of carriage 
have been agnvd, e\ci*j>t as to the fr(*ight and destination 
of the goods, aie such as liave been described ab()\e. The 
imjiortance of ai>pn*ciating clearly this view' of the lelations 
of shipier and shipowner arises fi om the fact that these 
fundaiuenbil rules ap])ly to all contracts of atireightmeiit, 
whether by bill of lading, charter-jiarty, or otherwise, 
except in so far as they are iiKsbtied or negatived by the 
express terms of the contract. 

JJills of L(idiv<j. 

The document signed by the master or agent for the 
shipowner, by which are acknowledged the shipment of a 
jiarcel of goods and the tt*rms uixin which it is to be carried, 

IS called a Bill of L«iding. Very many different forms of 
bills of lading are used. For the jmrpose of illustiation 
the following form (from Air Scrutton’s book on (JlvarUr- 


[bills of lading 

parties and Bills of Lading) has been selected as a 
sample : — 

Shipped, in apparent good order and condition by in and 

upon the good VesHcl called the now lying in the port of 
and bound for , with liberty to call at any ports in any order, 
to sail without Pilots, and to tow and assist Vessels in distress, 
and to deviate for the T>urposo of saving life or property ; and 
to be delivered in the like good order and eonaition at the afore- 
said port of unto or to his or their assigns, freight and 
all other eonditioiis as per Charter Party. The act of Uod, perils 
of the sea, fire, barratry of the Master and Crew, onomies, pirates, 
and thieves, arrests, and restraints of ])riuce.s, rulers, and people, 
(olhsions, straniiing, an<l other accidents of navigation exeepted, 
even when occasioned by negligence, default, or error in judgment 
of the Pilot, Master, Marinois, or other servants of the Ship- 
ow'iiors. 

Ship not atisw'erablo for losses through explosion, bursting of 
boilers, breakage ol sliafts, or any latent defoot in the machinery 
or hull, not resulting fioni want of due dilig^^nce by the Owners of 
the Sliip, or any of them, or by the Ship’s Husband or Manager. 

General Average payable aeeording to York- Antwerp Rules. 

In Witness wliereot, tlie Master or Agent of the said Ship hath 
atHrmod to three Hills of Lading, all of this tenor and date, drawn 
as first, second and third, one of which Hills being accomplished, 
the others to stand void. 

Dated in this day of 188 . 

The Bill of Lading is an acknowledgment of the shipment 
of goods in a iianu'd vessel for carriage to a specified 
destination on tiTiiis set forth in the document. It is 
usually signed by the master of the vessel, but very 
commonly by tin* agents of the shipow'ner or sometimes 
of th<5 (5harterers of the vess(5]. A vessel may be employed 
by its owners to (Nirn freight in various ways : (1) It may 
1x5 pla<;ed, as it is said, on th(5 berth as a general ship, to 
receive cargo from iwiy slin>])ers w'ho may desire to semi 
goods to tlu* port, or one of the ports, to which the vcssid 
IS bound. The mate or chief oificer usually superintends 
the loading, and, as goods an5 sliip] led, a imie^s receipt is 
given as an aeknowledgnuuit of the shi])ment. The 7iuite\ 
reeeijit is afterwurds exchanged for the bUt of lading. In 
the case of a shipment by a general shij) the5 bill of lading is 
the evidence and memorandum of tlie contract between the 
shipowner and tht 5 shipper; (2) a shipjier may, how^evei, 
reipiire thi5 whole cargo space ot the vessel to carry, for 
c'xample, a full cargo of grain. In such a case the vessel will 
1x3 chartered by the shipowner to the sliipper, and the con- 
tract will 1x5 the charter-] larty. Even in such a cas(5 a bill 
or bills of lading will usudlly be given to enable the shipper 
to deal more conveniently with the goods by way of sale or 
otherwise. By the ancient custom of merchants recog- 
nized and incorporated in the; law, the bill of Jading is a 
do(5ument of title, r(5])resentiiig the goixis themselves, by 
the transfer of which symbolical delivery of the goods 
may 1x3 made. But when a cargo is shif)p(5d under a 
charter-party, although bills of lariing may be given to 
tlie charterer, it is the charter-party, and not the bills 
of lading, which constitutes the record of the* contract 
between the ])arties — of c1uirter-j)artirs we shall treat 
lx*low. (H) There is a third class of case which is a 
combination of thi5 two with whiesh we have dealt above. 
A vessel is very commonly chartered by hesr owmer to a 
cliarterer who lias no intention to shi]) and does not ship 
any cargo on his own account, but places the vessel on 
the lx*rth to i*eceivc cargo from sliijijx^rs who ship under 
bills of lading. The chart(5rer receives the bill of 
lading freight and i»ays the charter-} larty fn*ight, his 
object being of course to obtain a total bill of lading 
freiglit in excess of the chartered freight, and so make a 
}»rotit. The master, although he usually remains the 
servant of the shipowner during the term of the charter- 
party, acts nevertheless under the directions and on 
liehalf of the chartenir in signing bills of lading. The 
legal effect of* this situation is that shiiipers who ship 
goods under bills of lading without knowledge of the 
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terms of the charter-party are entitled to look to the 
shipowner as the i)erson responsible to them for the safe 
carriage of their goods. This right depends essentially on 
the fact that the master who signs the bills of lading, 
although in doing so he is acting for the charterer, 
remains nevertheless the servant of the shipowner, who 
is not allowed to deny as against third persons, who do 
not know the relations between the charterer and the 
shipowner, that his servant, the master the ship, has 
the ordinary authority of a master to bind his owner by 
signing bills of lading. 

The forms of bills of lading vary very much, and their 
clauses have been the subject of judicial consideration and 
decision in a vast number of reported cases. The essential 
particulars, or at all events those common to all bills of 
lading, may be stated as follows : 

1. The name of the shipper. 

2. The name of the ship. 

3. The place of loading and destination of the ship. 

4. A description of the goods shipped. 

5. The place of delivery. 

6. The iiersons to whom delivery is to be ma(l(\ 

7. Tlu! freight to be jiaid. 

8. The excepted iJerils. 

9. The shipowner’s hen. 

TJie (If^scription of (1) the shipiier, and (2) the ship, 
calls for no remark. The (3) descrijition of the voyagci is 
important, because there is, as we liave already explained, 
an implied undertaking tlie slnjiowner in every contract 
of carnage not unnecessarily to de.viate from the ordinary 
route of the voyage u})on which the goods are received to 
be carried. The consetiuences of a deviation are serious, 
inasmuch as the shipowuier is liable, not only for any loss 
or damage which the sliipper sufhjrs in conRe<|uc*nce of the 
deviation, but for any loss of goods which occurs after 
the deviation, even though such loss is caused by one of 
the excepted })erils. Th(^ only exception to this rule is 
that a dcMatioii may be made to save life, but not to 
S.IVC property, ft is, howT.vcr, very usual to (pialify the 
strictness of this ini])hed undertaking by introducing in 
the bill of lading certain “lilxirties” to deviate, as, for 
exam])le, in the form given above, ‘‘liberty to call at any 
ports in any order, to tow and assist vessels in distress, 
and to deviate for the ])urpose of saving life and projierty.” 
The natun^ and extent of the liberty will dejM^nd on thi' 
words of the contract. The inclination of English courts 
has b('(*n to construe clauses giving a liberty to deviate 
somewhat strictly agiiinst the shipowner. 

The (4) importance of the description of the goods 
shipped and their condition is obvious, as the contract is 
to deliver tluMii as described and in the like good condition, 
subject, of course, to the excej)tions. It must, however, 
lie noted, tliat, as against the master or ])erson who has 
himself signed the bill of lading, the description therein 
of the goods shipjied is absolutely conclusive. But as 
against the shijiowner, unless he has himself signed tlie 
bill of lading, the description of the goods sliipped is not 
conclusive. It is evidence as against him that the goods 
descrilx'd were shipped, but he is allowed to rebut this 
evidence by proving, if he can, that the goods mentioned, 
or some of them, wi^ni not in fact shipjjed. 

As to (5) the place of delivery, very serious (]iiestions 
frcipiently arise. l*rimarily, of course, the shipowner is 
hound to deliver at the place named. Should ho be 
prevented by some obstacle or difficulty wliich is of a 
tein])orary nature, the vessel must w^it, and delivery must 
1x3 made as soon as possible. Where, however, the obstacle 
18 permanent, or at all events such as must cause unreason- 
able delay, having regard to the nature of the adventure, 
the shipowner is excised from delivery at the place named 


in the bill of lading, provided the difficulty ariscis from an 
excepted peril, or in conseciuence of delivery at the place 
named being forbidden by the law of England, as may 
happen, for example, in the case of a declaration of war 
between Great Britain and the state in which thc' ]W)rt 
named in the bill of lading is situate. A party to a 
contracit cannot be held liable for breaking his coiUiact if 
its performance has become illegal. Theie may be (jtlu-r 
cases in which, from tlm ciniuinstsnccs of the voyage and 
adventure, it must lie inferred that the parties inte nded 
the performance of thcj contract to be conditional <.n the 
existence at th(3 time of performaiiee of a certain stale ol 
things, the non-existence ol wliich would render pcrlorniuiuc 
impossible. For instance, if the ]>ort named in the bill of 
lading became permanently closc'd and inaccessible to 
sliipl>iiig m consequence of an t'artlKpiake, it wouhl 
probably be held that the ctai tinned existence of the 
place named as a port was an iiiqdied condition of the 
contract, and that the sliipowncr was excused. Where, 
however, the ]M'rforinaiice of the contract remains lawful, 
and is not excused by the? cxjircss terms of the contract, 
or by some inn»lied condition, the shi]»owiier is litibU* for 
any loss (jr damage suffeied by the shij)per by uti^oii ol 
his goods not being delivered at the named place, e^(‘n 
though such delivery has become iiiipussible. Tlieie is 
another reason why the juecise clescrijjtion ol the place ol 
delivery often hecoiiies important. It is only on the 
arrival of the shi)> at the place described as tlu* place of 
delivery that the obligation of tht» consignee of the goods 
to take delivery coinmcnci's. l)e]a^ Jn^ol^es consider- 
able loss and expense to the shqjowner. The shqqier <»r 
consigneii is not lesjionsihle toi any delay which occurs 
Injfore the ship has arn\ed at the j»la(T of delivery dc»h( i ihed 
111 the bill of lading. 

I (6) The goods may be deliverable bv llie teiin*' fd the 
bill of lading to a named consignee, ami to him onl^y, but 
more usually they are made deliverable to the “older oi 
assigns” of the named consignee or of tin* shij»pei. If 
the goods are made deliverable to ordt*r or assigns the 
bill of lading is a negotiable instrument, oi, in other VNoids, 
the right to the goods, and the lights and liabilities under 
the contract contained in the bill ol lading, ma} be tians- 
ferred by indorsement and deliveiy of the document 
When an indorsement has once l»e(*n made by the shiiq>ei 
Ol consignee writing his name and nothing inoie on the 
back ol the bill of Jading, the riglits in and iindei it may 
1)0 transferred from hand to hand by mere (Ieliv«*ry. A 
bill of lading so indorsed is said to be indoi>cd “ in blank.’’ 
Ihit the shqqKT or consignee may restrict the negotiability 
of the bill of lading b,> indorsiiig it nf»t “in blank,” but 
v\ ith a direction requiring delivery to be made to a }»articular 
]_)erson or indorsee, or to his oi dci. This is called an indorse- 
ment “ in full.'* W^hen an iiidorsenic'nt lias been made “ in 
full” to a nanuid indorsee or order, such iiidoiscc must 
again indorse “in blank” or “in full” to effect a new 
transfer of the rights in the bill of lading. 

.(7) The amount or rate of payable is stated in 

the bill of lading, either exiiressly, oi, not uncommonly 
wdien thti freight under the bill of lading is the same as 
under the charter- jiarty, by reference to the charter jiarty. 
A common form of such reference is “freight and othir 
conditions, as per charter-party. " It may hei e be nient loiied 
that this form ot words does not incorporate in the con- 
tract under the bill of lading all the teims and conditions 
of the charter-party, but only those which apply to the 
jjorson VI ho is to take delivery, and relate to matters 
ejmdevi j/fneris, or similar to the j)aynient of freight, such 
as demuriage and the like. The conditions of the charter- 
party thus incorporated do not include, for instance, the 
exceptions in the charter-party so as to add them to the 
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exceptions in the bill of lading. Freight, unless it is 
otherwise provided by the contract, is payable only on 
delivery of the goods at their destination. If the voyage 
is interrupted and its completion Ixjcomes imjiossible, the 
shipowner cannot claim ])aymeut of freight even 7/ro raid 
itinerin. He loses his freight altogether. This is so even 
when the completion of the voyage is prevented by causes 
for which the shipowner is not responsible, such as the 
act of (lod or the King’s enemies, 01 iieiils which are 
within the express exceptions in the l>ill of lading. When 
the voyage is interrupted by accident, and indeed in any 
case, tiu? goods may, by agreement Vjetween the shipowner 
and the consignee, bo delivercsl at some place short of their 
destination upon jiayment of a fieight /*ro raid; that is to 
say, proportional to the length of voyage accoinplishf*d, 
and siicJi an agreement may lie implied in certain eir- 
cumstaiice^ from the conduct of the consignee in taking 
deliv(*ry before they arrive at their destination. Jn all 
such casc.s it will be a question of fact whether the goods 
wore in fact delivereil upon th(i terms, express or implied, 
that freight raftl should be ])Jiid. As a rule such an 
agreement would not 1h3 implied where the shipowner is 
unable or unwilling to forward the goods to their destina- 
tion, and the owner of the good.s, tlieiefore, has no ojitiou 
but to take dtd ivory of them there. 

When the ship is disiibled and cannot proceed, or she 
is prevented by some obstacle from jirocetuling to the 
place of delivery named in the bill of lading, and the 
shipowiKir is unwilling or unable to lorwanl the goods by 
another shi}», evtm though he may 1 k) excused fur his 
failure to carry the goods to their destination, he is not 
entitled to Ihj paid any part of tin* freight ; and the con- 
signee is entitled to liavij the goods ilelivered to him 
either at the ]ila<!(j where the vessel has taken refuge in 
her disjibled eonditiou, or, if tJie obstacle arises without 
disablement of the vesw*l, at the ]>lace which is nearest 
and most leasciiiably eouvenient at the time and in 
the cinjumstaiices ^vheii the further jirusecution of tho 
voyage has t<» be abandoned. On the other hand, after 
the goods liavii been .s1iij>]kh1, so long as the shipowner is 
ready and willing to carry the goods to tJieir destination, 
or, if thi^ shi[) is disabled, to foiward them to their destina- 
tion by some otlier ship without unreasonable delay, the 
owner of tin* goods cannot ret pure the goods lo be delivered 
to him at any j>lace short of their destination without 
payment of the full freight. Sometimes the fi’eight, 
either wholly or in ]iart, is made payable in advanx'e. If 
freight jiayabh* in advance has become* due, even though 
the ship is lost before it is ])aul, it must, in the absence 
of some s])ecial ])i()visioii to the C(»ntrary, still be paid, 
and fr(‘iglit already j»aid in ailvaiice tloes not lK*coine 
repayable because the goods do not reach their destina- 
tiou. If, however, goods uj»on wliicli freight has lx*eii 
jMiid in advance, are lost, and the shipowner is liable for 
tlieir loss, the amount of freight jiaid iii advance must be 
taken into account in assessing the damage recovtnublo 
from the shqK)wiici. 

(8) There is no jiart of the bill of lading which is of 
greater practical importance* 01 \\hicli demands more care- 
ful consideration by slii})ownei and sliijqK*!* alike than that 
which sets forth the* e‘xe*epte*d pe'rils , the)se i>erils, in othe*r 
words, or causes ejf loss loi which the* shqiow’ner is to be 
exempt from liability, lly the common law, as we have 
seen, the exemptiein of the eairier, apait from express 
contract, extended only te» loss by the act of God or the 
King’s enemies. The ex]>r'e‘ssion *‘act of God” requires 
a word f)f explanation. It will be sufficient to say tluit it 
is not synonymous with force vmjenre , but it includes 
ev(*ry loss by fon'ce ma,ieure in which human agency, by 
act or negligence, has had no jiart. The list of (*xce]»te(l 


perils varies much in dilFerent forms of bills of lading. 
In the older forms it usually included perils of the seas, 
robbers and pirates, restraint of princes and rulers, hre and 
barratry (that is, wilful wrongdoing) of the master and 
crew. The list, however, has grown in modem times, and 
is still growing ; the tendency being to exempt the ship- 
owner from liability for all loss which does not arise from 
his own |)orsonal default, or from tho negligence of his 
managers or agents in failing to provide a vessel seaworthy 
and tit for the voyage at its commencement. It is im- 
portant to point out in this connexion that there are two 
duties which the shipowner is always presumed to under- 
take, and which are assumed to be unaffected and un- 
qualiiied by the exceptions, unless a contrary intention is 
very clearly expressed by the terms of the contract. In 
the first place, he undertakes absolutely that the ship in 
which the goods arc shipped is fit at the commencement 
of the voyage for tho service to be jierformed. If during 
the voyage loss arises even from dangers of tho seas or 
other excepted peril which would not have occurred if the 
vessel liad lieen seaworthy and fit for tho voyage at its 
commencement, the shijiowner is not protected by the 
excejitions, and is liable for the loss. In the second jdacc, 
there is an implied undertaking by the shipowner that all 
reasonable care will be taken by himself, his servants, and 
agents, safely to carry and deliver at their destination the 
goods received by him for carriage. Should loss or damage 
occur during the voyage, though the direct cause of such 
loss or damages Ix^ perils of the seas or other excejited peril, 
still the shipowner cannot claim exemption under the ex- 
ceptions, if the shijipcr can prove that the loss or damage 
would not have occurred but for the negligence of the 
master, or crew, or other servants of the sliijiowner. The 
shipowner, m other words, is bound by himself and his 
servants to use all reasonable care to prevent loss by 
excejited perils as well as by any other cause. 

It iiiuut not bo 8U[)]K>sed that even thoso primary obligations, 
wliieb aio introduml into t*veiy contract of atfrcichtincnt not by 
words but by implication, may not bo excluded by tlio „ 
express terms of tho contract. It has now become 
c'oiiimun lorin to stipulate that the shipowner shall not * ^ 
be liable loi any loss arising from the negligence of Ins servants, or 
that ho sliall not bo liable lor loss by the excepted perils even wlicn 
brought about by tho negligence of his servunts. And with legaul 
to seaworthiness, it is n«>t uncommon for the shipowner to stipulato 
that ho shall not be lesponsible for loss arising even lioin the uiisoa- 
worthi ness of the ship on sailing, ])tov]dod that duo care has been 
taken bv the owner, and Ins agents, and servants to malvc the ship 
beaworthy at tho eoiuinencemeiit of tho voyage. There is indeed 
110 rule of English law which prevents a slnpowner fiom exempting 
himself by the terms of the lull of lading lioiii liability for damago 
and loss of every kind, ivlietlier arising tiomunseuwortlniiesb 01 any 
other clause whatsoever. In such a case tho goods aie earned at 
tho ownei’s risk, and if he dcbiics protection lie must obtain it by 
insuraneo. In this rebjieet tho law of England permits greater 
freedom ot contract than is allowed by the law of sonn* other states. 
The owners, agents, and masters of vessels loading m the United 
States of America are lorbidd«*n by an Act of Congress, eommonly 
called the llaitor Act, passed in tho year 1893, to insert in their 
rontr.icts of affreightment any clause exempting the shipowner 
from liability for tho negligence of his servants , but it is at the 
same time eiiueted that, provided all reasonable skill and care has 
been exorcised by the shipowMier to make the vessel seawoithy and 
lit for tho voyage at its eoniTnencement, the shipowner shall not be 
liable lor liny loss caused by tho iiegligeme ol the master or crew 
in the navigation of the vessel, or by perils of the sea or certain 
otlicr causes set forth in the Act. It is now very usual to 1118611; 
in the bills of lading of British vessels loailing in the United 
States a reference to the Harter Act, incorporating its niovisions 
so as lo make them terms and conditions of tlie bill of lading. 

The difliculty of (‘onstruing tho terms of hills of lading with 
regard to the excepted penis, often expressed in obscure and in- 
exact language, has given rise to much litigation, the rosults of 
which aie recorded in the Law Reports. Where such difficulties 
arise the (piestion must be. What is the true and natural moaning 
of tho language used by the (larties 'f This question is not governed 
by the general rules which we liave endeavoured to exidaiii ; but 
the words of the contract must always he considered w'itli refeienoe 
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to these rules, which are founded upon the well-established customs 
of merchants recognised and formulated by the courts of law. 

(9) The bill of lading sometimes contains a clause as to 
the shipowner’s lien. Without any express provision for it 
the shipowner has by the common law a lien for freight. If 
it is desired to give the shipowner a lien for demurrage (see 
below), or other charges, it must be expressly provided for. 
The lien is the right of the shipowner to retain the goods 
carried until payment has been made of the freight or the 
demurrage, or other charge for which a lien has been given. 
The lien may be waived, and is lost by delivery of the 
goods, or by any dealing wit^ the consignee which is 
inconsistent with a right of the shipowner to retain posses- 
sion of the goods until payment has l)een made. The 
shipowner may preserve his lien by landing the goods and 
ictaining them in his own warehouse, or by storing them 
in a public warehouse, subject to the conditions required 
by the Merchant Shipping Act, 1891. 

CUutrter-parfies, 

Charter-parties are, as we have already explained, either 
for a voyage or for a ])criod of time. (1) A charter-party 
for a voyage is a formal agreement made Ixjtwcoii the owner 
of the vessel and the charterers by which it is agreed that 
the vessel “being tight, staunch, and strong, and every way 
litied for the voyage,” shall loiid at a certiiin named place 
a full cargo either of goods of a specified dcscrqition or of 
general merchandise, and Vicing so loaded shall jiroceed with 
all jiossible despati^h either to a specified place or to a ]>lace 
to be named at a specified port ot call, and there deliver 
the cargo to the charterers or their assigns. There are 
clans(»s which ])rovide for the amount of freight to Ihj paid 
and the manner and time of payment ; for the time, 
usually descrilwd as lay daye^ to be allowed for loading 
and discharging, and for the denm't'ragc to be paid if the 
vessel IS detained lx*yond the lay days ; usually also a 
clause recjiiiring “ the cargo to be brought to and taken from 
alongside at merchant’s risk and expense ” , a clause that 
the master shall sign bills of lading for the cargo shipped 
either at the same rate of freight as is payable un<ler the 
charter party or very commonly at any rate of freight (but 
in this case with a stijmlatiou th.at, if the total bill of 
lading freight is less than the total freiglit ])ayablc under 
the charter-party, the ilifference is to bo paid by the char- 
terers to the masU'r before the sailing of tlie vessel) ; and 
there is usually what is called the cesRcr clause^ by which 
the eharte.rer’s lialnlity under the charter-party is to cease 
on shipment of the cargo, the shijiownei taking a hen on 
the cargo for freight, dead freight, and demurrage. The 
charter-party is made subject to exceptions similar to those 
which are found in bills of lading. There aie also usually 
clauses provitling for the commissions to b(^ paid to the 
brokers on signing the charter-party, the “address” com- 
mission to l)e ])aid to the agents for the vessel at the port 
of discharge, and other matters of detail, 'I'he clauses in 
charter-parties vary of course indefinitely, but the above is 
jirohably a sufficient outline of the ordinary form of a 
charter-party for a voyage. 

WhJit has been said with regard to lulls of lading os to the 
voyage, the place of delivery, the exceptions and excepted ]»erils, 
and the liability of the shipowner and Ins lien applies equally to 
charter-] »iirti(*.s. It may he desirable to add a lew words on 
dtimurraqe^ dcadfreiglU, and on the cesser clause. 

Demurrage is, properly speaking, a fixed sum iicr day or per 
hour agreed to be paid by the charterer for any lime during which 
the v< },sel is detained in loading or discharging over and above the 
time allowed, which is, os we have said, usually describcMi ns the 
la^t days. Sometimes the number of days during wliieh the vessel 
may he kept on demurrage at the agreed rate is fixed by the 
charter-party. If no demurrage is provided for by the charter- 
‘|“^1 the vessid is kept loading or discharging beyond the lay 
^a-ys, the Bhi[K}W'ner is entitled to claim damages m res|ject ot the 


loss which he has suffered by the detention of his ship ; or, if the 
vessel is detained beyond the fixed number of demuriage days, 
damag^ for detention will bo recoverable. SuinetimeR tliere is no 
time tixed by the charter-party for loading or dischaiging. I'lio 
obligation in such cases is to load or discharge with all desiiatch 
that is jiossible and reasonable in the circunistunces ; a ml h the 
loading or discharging is not done witli such rc5isonal>lc despatc li, 
the shii>owner will be entitled to claim damages for the detentioii 
of his ship. The rate ot demuriage (if any) will geiicnill^ be* 
accepted as the measure of the damages for detention, but is not 
necessarily the true measure. When the claim is lor di'tention ami 
not demurrage the actual loss is lecovciable, wliuli m.«y be mon-oi 
may be less tlian the agreed rule of dcmuiiage. Tin* loiitiuct 
usually provides that Sundays and holidays shall be exiepteil in 
counting tlie laydays, but unless c*x]»n‘ssly hti}>ulated this 
tiou docs not apply to tlie computation ol the ]»eiiod of detention 
after the lay days have expiied , 

Jiead freight is the name given to the amount of freight lost, 
and therefore recoverable by the sliipowiiei from the chaiteier as 
damages it a full and nomplete cargo is not loaded iii accordance 
with the tcims of the cliarter-paity 

The cesser clause has come into common use because veiy fre- 
quently the charterers are not jjersoiuilly int<iested in the caigo 
snipi»ed. They may be agents niciely, or they may have 
chartered the vessel as a specmlation to ir.ake a piofit upon the 
bill of lading freight. The eflect of the danse is that when the 
charterers have shqqied a full cargo they have fuItiJIe<I all their 
obligations, the sliipowner discharging them fiom all further 
liahillty and taking instead a lien oii the taigo foi pajimiit ot all 
fieight, demurrage, or dead freight tliat may he pa\ahli to him. 
It has become an established rule foi the c oust nu lion ot the cei>ser 
clause that, if tlie language used will permit it, the ecssor of 
liiihility 18 nssuined to bo rocxtensive only with the lien given to 
the shipowner , or, in othci wonls, the charteiers are released fiom 
those liabilities only lor which a hen is given to the shipowner. 
The shijKjwmu is fuither secured by tlie stipulation alieady 
referred to, that if the total ft eight j payable iimlcr the bills of 
lading is less than the full chartered fi eight the tiiHerence shall 
lie paid to the shipowner before the vessel sails A difliculty 
which sometimes arises, notwitbstaiuliiig these piecantions, is that 
although an ample hen is given by the diaitei-|)aity the teuns of 
the hills of lading may he insiiflicicnt to pieseive the same 
extensive hen as against t'lic iiohlei of the hills ul lading, ho 
shippers under the bills of lading, il they aie not tlie charterers, 
are not liable for the chartered height, hut only for the hill of 
hiding freight , and unless the hill ol lading expiessly reserves it, 
they arc not subject to a hen for the ehaiteied freight. The 
muster may guard against this difhcnlty by refusing to sign hills 
of lading wdiich do not ju’eserve the shipowner's hen for nis lull 
chartered freight. Hut lie is often put into a difficulty by a 
somewhat improvident claiisi* in the chaitci-jiarty lequiiing him to 
sign hills of lading as pretst ntfd 

(2) A time charter- i>arty is a contract between the 
shipowner and charterers, by winch the shipowner agrees 
to let and the charterers to hire the vessel for a specified 
term for employment, either generally in any lawful trade 
or upon voyages within certain limits. A ]»lace is usually 
named at which the vessel is to be redelivered to the 
owners at the end of the term, and the freight is payable 
until such redelivery ; the owner almost alway.s i>ays the 
wages of the master and crew', and the charterers provide 
coals and pay port charges ; tlie freight is usually fixed at 
a certain rate per gross regihter ton ])er munth, and made 
payable monthly in advance, and jirovision is made for 
suspension of hire in certain cases if the vessel is disabled ; 
the master, though he usually is and remains the servant 
of the owner, i.s required to obey the orders of the 
charterers as regards the employment of the vessel, they 
agreeing to indemnify the owners from all liability to 
which they may be exjiosed by the master signing bills of 
lading or otherwise complying with the orders of the 
charterers ; and the contract is made sulject to exceptions 
similar to those in bills of lading ennd voyage charter- 
parties. This is the general outline of the ordinary form 
of a time charter-party, hut tlie forms and their clauses 
vary of <ourse very much, according to the circumstances 
of each case. 

It is apparent that under a time charter-party the ship- 
owner to a large extent parts with the control of his ship, 
which is employed within certain limits according to the 
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wish and directions, and for the ))urposes and profit of, 
the charterers. But, as wc have already exjjlained at the 
beginning of this article, the shipowner continues in 
possession of his vessel by his servant the master, who 
remains responsible to his owner for the safety and jiroper 
navigation of the ship. The result of this, as has been 
already pointed out, is that the holder of a bill of lading 
signed by the master, if he has taken the bill of lading 
without knowhidgo of the terms of tho time charter- ]>arty, 
may hold tlui owner res]>onsible for the due ]MTformance 
of the contrart signed by tho master in the ordinary 
course of his duties, and within his ostensi]>lo authority 
as servant of tho shipowner, although in fact m signing 
tho bill of lading the master w^as acting as agent 
for and at tho tlirectiou of the time charterer, and 
not the shipowner. In the language of the ordinary 
time chartcir -party tho .ship is to tho charterers , 
but there is no true d(mii.s<», bccaust*, as we have 
pointed out, tho ves.sel remains in the ]»os.se,s.sion of the 
shipowner, the charterer enjoying llic advantages and 
control of its employment. Wheic* tlic pn.ss(ission of a 
ship is given iii) to a liir(*r, who a])]K)iiil.s his own ma.ster 
and crew, diflerent consideration.s apply, but though tho 
iihstrument by Avbicb tlie ship is let may be called a 
charter-party, it is iu)t truly a c()nlra<*t of affreightment. 

There are certain rights and oliligatioiis arising out of 
the relatiousliiji of shipowner and cargo -owner in cir- 
cmnslances of eytraoidinarv or urgency 

in the eoursi‘ of a vroage, wlucli, tliough not 
strictly contractual, ari' well established by the 
custom of luercliauts and recognized by tho law It is 
obvious tliat, wlieu a slii]> cai lying a cargo is in the 
course of a voyage, the mastei to some extent re}»re.Hents 
the owneis of both .ship ami caigo In eases of emer- 
gency it may" be necessary that the mastei .should, without 
waiting for ant lion tv (»r i list met lon.s, incur exiwmse or 
make sacrifices as agent not only of Ills employer, the 
shipowner, but also ol the eatgo-ow'iier. Shi]> and cargo 
may be in ])eril, and it mas be nece.ssary for tJie safety of 
both to [ml into a ]io!l< of refuge. TJiere it may btj 
necessary to repair tJie sliijj, and to land and warehouse, 
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and afterwards reship the cargo. For these purpoibs the 
master will be obliged to incur exjiense, of which some 
part, such as the cost of repairing the ship, will be for the 
benefit of the shipowner ; part, such as the warehousing 
expenses, will be for the benefit of tho cargo-owner ; and 
|yart, such as the port charges incurred in order to enter 
the port of refuge, are for the common benefit and safety 
of ship and cargo. Again, in a storm at sea, it may be 
necessary for the safety of ship and cargo to cut away a 
mast or to jettison, that is to say, throw overboard part 
of the cargo. In such a case tho master, acting for the 
shijiowner or cargo-owmer, as the case may be, makes a 
sacrifice of part of the ship or jiart of the cargo, in either 
case for the purpose of saving ship and cargo from a 
danger common to both. Voluntary sacrifices so made 
and extraordinary expenses incurred for the common 
safety are called (Iknkral Average sacrifices and 

expenses, and are made good to the person who has made 
the sacrifice or incurred the expense by a general average 
contribution, which is recoverable from the owners of the 
jiroperty sa\ed in proportion to its value, or, in other 
words, each contributes ratably according to the benefit 
received. The law regulating tlie rights of the ])arties 
with regard to such contribution is called the Law of 
General Average. It must, however, be remembered that 
the ow’iier of tin* cargo is c‘ntitltid under the contract of 
afireightment to the ordinary service of the slii]» and crew 
for the safe carnage of the cargo to its destination, and 
the Khi]K)wni'r i.s bound to pay all ordinary expenses 
incurred for the purpose of the voyage He must also 
l)ear all lossc's arising from damage to the ship by 
accidents. But when extraordinary exjien.se has been 
incurred by the shijiowner for the safety of the cargo, he 
can recover sucli exjieii.so from the owner of the cargo as a 
special clumje on cargo ; or Nvlicn an extraoi<liiuiry expense 
has b(‘eri incurred or a voluntary sacrifice made by the 
.shijiowiier to save the shiji and cargo from a jicnl common 
' to l)()tli, he may require the owner of cargo to contribute 
I in ffenenii auera<fe to make good the loss. 

! S(‘o C\KVi'iu Carnaijf bif Srii Lorifloii, 1899. — ScRUrroN, 

I Charter-parties and Bills of Ladiwj, Lomion, 1900. (w. ) 
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Geocraviiy ano Stattsttcs. 

V ERY much was contributeil to our knowledge of 
Afghanistan during the Ja.-t tpiartei ol the IJlth cen- 
tury. The Afghan war oi 1 S7S SO allbrdt'd an op])ortunity 
for the extension of wide geographical sui vt‘ys on a scientific 
bisis ; and this opportunity was alterwaids re] united by the 
Russo-Afghan Boundary Goiiimi.ssi(ni of 1884-8(), Since 
then much of the country on the immediate borders of India 
has lx.*en exjilored by the nati\e t*niploycs ol the Indian 
Survey during the progie.ss of a .senes ol niinoi exiieditions; 
and the boundary dt^limitations which ivsulttnl from tlie 
agreement of November 18‘J.*5 at Kabul, togetln'r with the 
frontier ininqiaign of 1897-98, have liiuilly reduced the geo 
graphy of the wdiole borderland to ])racl leal shai>e For tlie 
purposes of tJiis article there will be included within the 
general term “ Afghanistan ’’ not only those districts w'hich 
fall within the new political lxmn<lari(‘s of tJie Kabul 
Government, but those states on tlu» bordei, lying lietween 
Afghanistan and British India, whose status has lately 
been defined as “ iiide]»endent,” and which are jieopled 
eitlnT by Patliaiis or Afghan.s, sj leaking the same language 
and belonging to the same religious community as the 
Afghans of the Kabul kingdom. 


River Basins. — Whilst, broadly speaking, the chief 
features of Afghan tojiograjdiy and hydrogra]>hy were well 
enough known ])reviously to the Afghan war of 1 878, certain 
modilicatioiis in detail are to be noted in modern maiis, 
and much suiqilementary information can now be added 
It will be convenient to deal with Afgliauistaii under the 
natural divi.sioiis of its river basins rather than of the 
separate pi evinces included within its political boundaries. 
The following are tlie chief hydrographic divisions of the 
country (1) the Kabul river and its tributaries; (2) the 
Indus affluents, winch for the most jiart dram the iii- 
dejiendent jirovinces of the frontier ; (3) the Oxus basin ; 
(4) the basin of the JliOmaiid; (5) the Imsin of the Hari 
Itud. 

The Kabul nvor rises at tho foot of the Unai j)aHs, loading over 
thu Sanglakh range, an offshoot of the Hindu Kush, towards 
Hanimn and Afglnui Turkestan. From its source to Kabul is only 
Ih iiales as thu crow flie.s, and tho amount of W'atcr which 
tho nvor curries is small and often insufficient for i)urT>o.seH of 
irrigation. Neither in volume nor in length is it to be com- 
]»ar«d with the Logar river, which joins it at a point less than 
hali a mile east of Kabul. Tho Logar rises beyond Ghazni, amongst 
the slojius ot the Gill Koh (14,200 feet), which overlooks the 
Ghazni plain from the west, and with minor affluents drains the 
rich valleys of Logar and Wardak for more tlian 100 miles ere it 
emerges from the gorges of the Shakh-i-Barant to join tho Kabul 
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in the plain that stretches to Butkak. The valleys of the l^ar 
are amongst the richest and most pictures()ue of Afghanistan. The 
united streams pass from the Kabul plain (6900 feet) through a 
precipitous gorge into the lower level of the Doaba to the north 
of the KabulJjataband road, and do not touch the road again till 
they pass Jalalabad, kleanwhile the volume of the river lias been 
swelled at Doaba by the Tagao, which carries the drainage of tiie 
eastern Slopes of the Hindu Kush from the head of the Fanishir, 
at the Khawdk pass (11,640 feet) to the sources of the Gliorband, 
near the junotioii of the Hindu Kiish with the Koh-i-Haha. Into 
the Tagao fall the rivers and btroams of the Koh Daman north 
of Kabul, as well as those of a coiibiderahle section of Kohistaii, 
which forms Western Kafiristan ; so that the Tagao affluents com* 
Lined present probably a greater volume than the Kabul, at 
Doaba. Before reaching Jalalabad the Kabul receives anotber 
great contribution from the north in the united waters of the 
Aliugar and the Alishang, which, under the former name, join 
in the Laghman plain. Those two rivers between tliem dram all 
Central Kafiristan south of the Hindu Kush, and iiuito with the 
mam channel of the Kabul in a broad i lear stream which gives 


between Afghanistan and thoClilgit jirovinccof Kashmir. Below 
it the cast»‘in ^^.lter-dlVldo of the river shuts oil liujiior. The 
cxtrLiiie narrow'uoss of llio uver basin is rcmarUalile, tliero being 
no considerabJe affluent from citiicr side exerpt the Basligol, 
whilst +ho craggy ranges which intervene bclwocii the stream and 
tliu ranjlvora on tho east (or again between the l*anjkora and 
Swat ri\ era), ’although of enormous altitude, (from 12,00(3 tol.">,(U)0 
f»"et), stand on a base wbicb averages less than 2.5 miles. Nearly 
duo oast of Chitral tho eiilminating peaksovtTloolcing tho sounes 
of tho Paiij kora to the south, and those of the Oilgit iivcr to tho 
‘ast, riso to iicarly 19,000 foot of altitude. 

Tho Sw'at and Fanjkora river basins belong to tlio Cis- Afghan 
indcjiendent territoiy, which was largely exploited during the 
leceiit noith-western expeditions. Their mam charac I eristics are. 
those of tho Kunar ; hut they rise far to tho .south of tlio sources of 
that river, tho range wdiich forms the soutliorn W'ater-divide of tho 
U]»]ier Ciilgit basin enclosing those small tributaries amongst its 
soutaorn spurs, which sw’cll into big affluents ere they join these 
two historic streams. Much of the riorthorn parts of tlicir basins, 
ineluding the districts of Darel and Tangir, immediately south of 
still remains to bn explored. Within historic times much 
of the Loivor Swat, Pnnjkora, and Kunar valleys was occupied by 
Kafir tribes, the limits of their occupation being traceable by the 


little indication of its mountain origin. Very little is known 
about the catchment areas of these two rivers. It is a vast 
wilderness of mountains, the gates of which are jealously guarded by 
the Afghan Govermueiit ; but tho lower reaches ol the Aliiigar ]ia.ss 
throng comparatively open plains, and are fringed with tiourihli- 
iiig vulagos. The Laghman (or Lainghau) plain is important as 
indicating the ancient route from Kabul to India, wliuh, instead 
of ])assiiig through Kangrahar and Jalalabad, followed the eourae 
of tho Kabul river through this plain into tho Kunar \allev, and 
tlicuce passed into Ibijaor, and was carried by one of .se\ tial iiontier 
])asHes into tho ]>laius of Poshawur Tlic Khaibari. a modern 
route, rcgaidid as a main lino of r ommuuication. '1 he southern 
affluents of tlie Ivahnl lueraro iiisigniheant ; but two otlu i gn at 
tributaries from tho norlli — the Kunar, or nvei of ( hit ml, and the 
Swat (with its I’anjkora afflm nt ) — hai n het n thorough!) e\amiin d 
Only about one-thnd of tho total length ol the Kiiiiir (270 miles 
from liake Karaiiibar on the Hindu Kush to Jal.ihihad) is within 
the limits of Afgliaiiistan. The ricic poliiKvil hiuiiidary ciosses 
the valley at Arnawai, near tho juncimn ol tho Ihishgol uver of 
Kafiristan with the Kunar. Abovo this point Chitral intervenes 


total alisencc of those Bmhlliist an ha-ologieal remains wdneh 
abound on all sicb s of the hjdicro of paganism. 

That pait ol the basin of tho linius beyond the Kabul 
and its tiibutaries winch .ippertains to Afghanistan is incon- 
siderable. It includes li.inllv nmio than the upjicr tributaries 
i»f tho Ooiiiul river, whifli use lu the plains hetw'cen 
W:i7iTistan and Oha. ni, but tho area of Cis-Afghan independent 
t< uitory which is di.nned by tho Indus is both extensive and 
]»olitically import .ml. Kinjut,tho glacial region whnh gives 
hiith to tho Hun/i river; the valleys of Ya.ssiu ami ot tho 
l^j>I»or Oilgil ; a long sfii]» of territory adjoining tho Imlus - tlio 
rc'gioii to which tlie namo Ktdii.slaii is ficijueiitly given- .ill tins 
inde]»en<lent 1« rritory foims a northorn si i tion ol the Indus hasin 
apart, fioiii tho Kabul tributaries Farther south tho uvers of 
tho frontier — tho Kuram, tho Tor hi, the Gomnl, and others 
between lhe.se, loo many to enumerate— all dr.iin downwaids I'lom 
(ho Afghan frontier through tlie indcjKiKb’nt stnp of mountain 
hjtnier to eifect (where the intervening sands jiorinil) a junction 
with tho Indus. 

As all this country has been geograjdiicallv survcye<l, tho outline 
of tho disjointed hydrograjdiic.d netwoik w Ixk li touns thew’esteru 
catchment of tho Indus helwecii Atlok and the Goniul (whiTo the 
l»ohtieal boundary of Baluchistan intervenes) may be best studied 
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on tho Tuapg of the Indian Survey. The frontier valleys belong 
to two distinct geological tyjies. They are either deep, stee])- 
(tided valleys, wiUi rapid streaius carrying quantities of debris, or, 
whore tho upheaval of tho river bed has been too rapid for the 
ciiiiing'dowu action of the river, and tho urado has been lessened, 
an alluvial {(lain has been formed, which affords a broad, open, 
and gently-rising ramp leading up to the Afghan plateau. Such 
are the valleys of the Kuram and tho Toehi. The general flow of 
all those frontier allluents of tho Indus from tho Afghan plateau 
to tho ]»laiiis of tho Dorajat is dirootly across tho axis of the 
minor frontier ranges, which lie packed in parallel hues of 
ridge and fiiriow, fonniug a series of grades, or stojis, from tho 
lowor to the Inghor level. The streams rise on the ]»Iateau west 
of, and hcyiind, tho prominent line of highest elevation, breaking 
straight th lough the hard sandstone or liinestono ranges, and 
forming deep gorges where they pass ; whilst their trilmtarios, 
joining almost at right aiiglos in long narrow lateral valleys, 
wash tho softer clays and shales from oil the surface of tho 
harder rocks, and carry down tho dchris to assist in grinding 
through tho limestono barriers. The frontier lulls i>etwt‘en 
the Goniul and the Kuram present many instances of such 
narrow gateways to the Afghan highlands , to the south of the 
fioniul they form the most proniiiicnt tyj>c. of o])einng into the 
hills. 

Two iniimrtant river basins of Afghanistan, helongiiig to that 
central system which has no conue\ioii with tlie sea, have been 
examined, and many inferesting faefs connected uith them rcriiam 
to be reeoided. 'J^e Han Riid, oi rivei of Herat, which loses 
itself ill the Tejend oasis iioiih of the Tiaiis-rasjuan liailnay, 
and west of Merv, rises in tlm wesLcin slojics «if the Koh-i-Baha, 
the mountain mas^ which almts on, aiul (‘loses, the Hindu Kush 
to tho west of Kabul. It runs a rciiiaikahly straight course west- 
ward tiirough a narrow tiougli fumi Daolatyai to Of»eh. This 
trough lies between the soul Inwn ndge of fho gieat CVntral Afghan 
W'atorshod, whu ii holds the head^wafeis and souices of tho 
Miirgiiab on the noitli, and the iiaiiow wafer- parting formed by 
the nand-i-Hauin and Koh-i-Sufcd on the south From this 
latter divnJo the tnhutaiics of the Karah Kud and other livers of 
tho Sistan hasiii take tlieir use 'I'lic dceidy-eroded valley of 
tile Tlari Kud, filled in with tho detritus wasiusl down by iieriodi- 
eal floods from the soft loess formations of sand and clay which 
enclose it, is ol gieat fertility in if s lower and wider loaehcs hotweeii 
Obeli and Kiihsaii, hO miles west of Herat , hut its u]»per e(»urse is 
barren and sand spicad, winding amidst the bleak wind-swci>t 
uplands of flj<> highest I'eiitral cievatious in Afghauistan. The 
most notable featun^s about the bower Han Kud are the absolute 
exhaustion of its waters in the early Hiiniiner seasons of irrigation, 
and the lupidity with whicli natural procossch of denudation are 
luvveiiug it-, hounding watersheds. Immodiately iioith of Herat 
the central walei -divide, which is locally known by the naino of 
Siah Bubiik (but to which the general term l^iiopaniisus has been 
given 111 Older to ]ireserve a hiMtorica! designation wimh belongs 
more correctly to the Hindu Kush), is being roduct'd so rapidly to 
a final stage of loundtsf curves and gentle declivitu's that it is 
already jiossible to diive a wdicelod caniagti across it w’lthoiit any 
proliniiiiary road making 'fho sources of tho Helmand, hko 
those of the Han Itiid, lie in the locesscs of tho Koh-i-iiaba to tho 
west of Kabul, its iiilant stream ))aitiiig the Uiiai ])ass irum the 
Irak, the two chud' passes on the well-known road from Kabul to 
Kamiaii For hfty miles fiom its source its course is ascertained, 
hut beyond that jioint tbi lint next titty no Kuropcaii has foiiowctl 
it. About the puiallcl of jN lat it enters tiie Zarnindawar 
]>roviiice, which lies to tlm north-west of Kandahai, and thence- 
forward it IS a well majipetl rivci to its termination in the bagoons, 
or Hamun, of Sisbin. This gic.it central depression, which is 
about 1700 feet above sea level, also leceives the waters of su\eral 
northern affluents, of whicli the ITariit, the Kaiali, and the Khash 
are the juincipal. They drain the higldands occnipiod by tho 
Taimanl section of tlu' (Jnahnr Ainu'ik About the upper atilueiitb 
of the Farah ho the fertile valleys which surrounded Taiw'ara, 
tho capital of the ancient kingdom of (ilioi, and heie tho Tuiniaiii 
highlands culminate in peaks using to a height of over 12,000 
feet above bea-levid For 200 miles dui' oast of Taiwara tlicie 
stretches a region of barren highland desolation marked by ])Oiiks 
of 11,000 to i,‘i,000 feet, the home ot llie lla/aras. Herein is 
enclosed a iiortliorii section of the lallev of the Ifelniand, ami in 
this portion of tho valley is situated Hlii/ao, iiiaikiiiga great road 
from north to south. l\o other place of any significance is knowm 
in this region. All those northern alHuonts of the Sistan Hamuns 
partake more of the nature of highland riveis thiiii tho broad and 
comparatively placid Helmand. Throughout its great southi'rn 
curve the Helmand shapes an even and solitaiy course, leceiviug 
no contributions from either side, thiough a valley which is 
exceedingly narrow, but fertile and green, and full of the l.ist 
relics of de}mrted townships belonging to that Kaiaiii kingdom 
which once centred on Kala Fath. From the Helmand, near its 
groat bend northwards, a most extensive system of irngatipn was 


once devised, a system which watered hundreds of square miles 
of now barren plain to tho west. 

A noteworthy feature of the Sistan lagoon is that in times of 
excessive flood it overspreads a vast area of country, both to the 
north and south, shutting off the capital of Sistan (Nasirabad) 
from surrounding districts, and spreading through a channel 
southwards known as Sholag to another groat depression called 
tho Gaud-i-Zirreh. This great salt swamp is about 1000 feet lower 
in elevation and is situated so close to the Helmand as to leave 
hut a few miles of broken ridge between. By that ridge all 
communication with Sistan must pass in time of flood. Sistan 
becomes a prnmontoiy connected with the desert south of the 
Helmand by that isthmus alone. Recent boundary proceedings 
have included it within the Amir’s territory. Tho Afghan basin 
ot the Oxus includes a jiart of tho Pamirs and all Badakshan 
and Afghan Tiirkobtan. iiadakshan is drained by two main 
rivers — the Kokcha (or river of Faizabad) and the Khanabad, 
wdiich takes its name from a town on its banks. Above tho 
Kokcha jiiuction the Oxus is a mount ain-brcd river, receiving no 
contributions of any imjiortance from the Afghan side. Below 
tho Khanabad tho Oxus is a river of tho plains ; and as far as 
Khamiab, whore it ceases to bo the boundary of Af^iauistan, no 
Afghan rivci of any iiiijmitance reaches it. The Tashkuighan 
river, the Baiid-i-Ainir or Balkh river, tho Shiburgliau, and tho 
Audkhui, all start for it, bringing down snow-fed torrents from 
Hie Kuh-i-Baba, and Baiid-i-Turkcstan in sjiring, and tailing off 
into the countless irrigation channels in the Balkh plain ; but 
neither in winti'i* nor in siimmoi* do any of them cross the fringe 
of sand de.bcrt that lies south of the Oxus river iti cultivation. 
This appears to he duo to tho alteration of the plain levels by a 
gradual ])rncess ot upheaval quite as much as to the absorption 
of the watoi -supply in irrigation. Where these rivers run into 
irrigation tho })lain is highly cultivated ; but the Oxus itself is no 
bmger ulili/od foi agricultural purposes, except within a ci^mpara- 
Lively nairow liingc. This ftinge is, however, ot considerable 
local iniportanc(» (see Oxus). On tho w'ostorn bonlers of Afghan 
Turkestan the Murghab rivei and the Han Kud lose themselves 
in the Merv and Tejond oases. Tho Murghab starts from the 
Firozklioi highlands (the noitliern sear p of which is detined by 
the Baiid-i-Turkostaii), and, alt(‘r traversing that plateau from 
east to west, it turns iioith through deeply-cut detiles to Bala 
Murghab, and ellects a linal junction witli the Kushk near Panjdeh. 
At Bala Murghab the valley is ojion, with the loess formation of 
tho Chill bounding it on eitlior hand. Beyond Panjdeh it emerges 
into tho Vulatun desert. 

Miiuniain — I'lio doiiiiuant mountain system 

of Afghanistan is the Hindu Kush, and that exten- 
sion westwards of its water-divide which is indicjtted by 
tho Koh-i-Haba to the iiorth-wost of Kabul, and by the 
Firozkhoi plateau (Karjistaii), which merges still farther to 
tho west by gentle gradients into the Paropamisus, and 
which may be traced across the Ifari Jlud to Mashad. 

The culminating peaks of the Koli-i-Baba overlooking tho 
sources of tliu Hail Kud, tho Holniand, the Kuudu/, and tho 
Kabul, very nearly reach 17,000 fe(*t in height (Shah Fuladi, tho 
higliost, IS 16,870), and Irom thoni to tho south-west long spurs 
divide tho ujipor tributaries ol tho Helmand, and separate its 
basin fioiii that of tho Farah Kud. These spurs retain a consider- 
able altitude, lor they are marked by peaks o\co(ding 11,000 feet. 
They sweep in a broad band of roughly paiallel ranges to tho 
south-west, preserving thoir general direction till they abut on 
the Great Regis tan desert to the west ot Kandahar, where they 
terminate in a senes of detached and broken uutieliiials whose 
sides am Bwe])t by a sea of eneroaeliing sand. The long, straight, 
lovcl-baekod ridges wbicli divide tho Argandab, tho Tarnak, ami 
Arghastiiu valleys, and flank the route from Kandahar to Gha/iii, 
deteiiuiniug the direction of that route, are outliers of this 
system, winch, geographically, includes the Kliojak, or Khwaja 
A nil an, range in Baluehistaii. 

Kortli of the main water -divide of Afghanistan the broad 
synclindl plateau into winch the Hindu Kush is meiged is 
traversed liy tho gorges of the. Saigliau, Bamian, and Kamard 
trilmtaries of the Kuudu/, and farther to tho west by the Band-i- 
AiiJir or Balkh river. Between the deliouehmeut of the Upper 
Murghab from the Firozklioi ujilands into the comjiaratively low 
level of the valley above Bala Murghab, extending eastwards in a 
nearly straiglit line to tlie upper sources of the Sliiburghan 
stream, tlio Baiid-i-Turkostan range forms the northern ridge 
between the plateau and the sand formations of the Chul. It is 
a level, straight-hacked line of sombre mountain ridge, from the 
crest of wlncFi, as from a wall, the extraordinary contlguration of 
that inimense loess deposit called the Chul can bo soon, stretching 
aw'ay northwards to the Ox us — ridge upon rid^e, wave upon wave, 
like a vast yollow-gray sea of storm- twisted billows. The Baud-i- 
Turkestau anticlinal may bo traced eastwards of the Balkh-ab 
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(the Band-i-Amir) within the folds of the Kars Koh to the 
Kunduz, and beyond ; but the Kara Koh does not mark the 
northern wall of the areat plateau nor overlook the sands of the 
OxuB plain, as does the Bandd-Turkestan. Here there intervenes 
a second wide synclinal plateau, of which the northern edge is 
defined by the flat outlines of the Elburz to the south of Mazan* 
Sharif, and immediately at the ioot of this range lio the alluvial 
flats of Mazdr and Tashkurghan. Opposite Tashknrgliaii the 
Oxus plain narrows to a short 25 miles. On the south tiiis great 
band of roughly undulating central plateau is bounded by tlie 
Koh-i-Baba, to the w'cst of Kabul, ana by the Hindu Kush to the 
north and north-cast of that city. Thus the main routes from 
Kabul to Afghan Turkestan must cross either one or other of 
these ranges, and must traverse one or other of the tiTnhc defiles 
which have been carved out of them by the upper tributaries of 
the rivers running north wanis towards the Oxus. Trobably in 
no country in tl»e world are there gathered together within com- 
paratively narrow limits so many clean-cut waterways, measuring 
thousands of feet in dejith, alloriling such a stupendous system ot 
narrow roadw’ays through the hills. 

Aft« r tlie Hindu Kusii and the Turkestan ranges, that of the 
Sided Koh, which divides Ningrahar (or the valley of .Talalahcul) 
fiom Ktiram and the AfrMi Tirah, is the most important, as it is 
the mohi impressive, in Afghanistan. But the general features of 
tlie Sided Koh have been suflicienlly deseribocl a1rca<l>, and it 
only remains to illustrate its configuration in relation to the 
mountain systems about Kabul, and south of J’esliawur The 
highest iieak of the Safed Koh, Sikaraiii, is 15,000 fett above 
sea-level. Krom this central dominating peak it falls gently 
towards the west, and gradually subsides in long spurs, reaching 
to within a few miles ol‘ Kabul and barring the road liom K.d»ui 
to Clhayni. At a point which is not far east of the Kabul meridian 
an offshoot is directed southwards, which becomes the watci- 
parting between tlio Kuram and the Logar at Sliutargardaii, and 
can bn trnced to a connexion with the great W'atersJied of fh«* 
frontier ilividing the Indus basin from that of Ilelmand This 
mam watershed retains its high altitude far to the south. Tlieie 
are i leaks measuring over 12,000 feet on the divide hetw'een the 
Toehi and the (lhazni plains. At the oaslerii extremity the 
Sated Koh splits and spieads into sevcr.d branches. Between 
these branches aro the Bazar valley ; the Bara, which rceeivos 
the Maidaii drainage; the Klianke, and othei lesser i alleys. 
The Afridi Tirah is hut an upland basin lichl within the aims of 
some of the minor Safed Koh spurs, which, tiom tlie jieculiaiily 
of its formation and its nairow diainage outht, contains a vast 
deiith of Inghly fertile alluvial soil. 

Between the Safed Koh and tlic Gornul (wheio lies the oflieial 
boundary of Baluchistan) tiie Irontiei mount.un system is more 
irregular than it is south of that met, where an invariahlo 
system of elose parallel flexures pi edoiniiuil es The lust de\ olo]»- 
iiieiits of this system are recognizable in the long straight ridges 
trending fiomiioith-easttosoulh-westjWliK hmayheseento tlmw'est 
ol the yieaks heading the Waziri groiij), lorming the dividing line ol 
the Indus basin. Bui this coiihguration is not so apjiaroiit iii the 
AVaziii hills or iii those lietween tlie Kuiam and llie Kaitu, wlieie 
tlie mountains aro massed in more independent and isolated 
groups, facing steeply wcstw'aids and ciilniiiiatmg on then 
western siinmiits in ])caks ] 1,000 ieet above sea-lcvil But the 
same conformation of crumpled limestone ridges, overlaid with 
Tertiary deposits, wliieh pervades all Afghanistan and Balu- 
cliibtaii, prevails also throughout WazirihUn and detei mines its 
general oiit)im‘s. The extension ol a long ridge towards the 
Indus, wdneh curves in a grand sweep northwards overlooking tho 
river, iniiodiiees a welcome break into the monotonous logulanty 
of frontier seimery. On this ridgo is tlie Irontior hill station of 
Bheikli Bud in. 

Geology , — So far as wc know at jiresont tho geological 
history of Afghanistan differs widely from that of India. 
When, somowlieni at tho ooniTnencoiiient of tlie Cn'tacoons 
period, the jx'ninsula of India was connected by laud with 
Madagascar and Southeru Africa, all Afghanistan, Balu- 
chistan, and Persia formed jiart of an area which was not 
perhaps continuously below stia-level, but wliich exhibited 
alternations of land and sea. The end of the Oetaeeous 
IKiriod saw tho commencement of a series of great earth 
movements ushered in by volcanic eruptions on a scale 
such as the earth has never since witnessed, which resulted 
in tho upheaval of tho Himalaya by a process of crushing 
and folding of the sedimentary rocks till marine fossiis 
were forced to an altitude of 20,000 foct above the sea. It 
was not till the Tertiary age, and even late in that age, 
that much of the land area of Afghanistan was raised 
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above the sea-level. Then the ocean gradually retired into 
tho great Central Asian depressions. 

Everywhero there have been great and constant rhanges of 
level since that period, and the process of flexure and the mrma- 
tion of anticlinals traversing the northern distric ts ol AlghanisUn 
is a process which is still in action. So rapid has been the land 
elevation of Central Afghanistan tliat tho erosive actimi of rivoiH 
has not been able to keep pace with that of upheaval , and the 
result all through Afghanistan (but spocinlly marked in the great 
central highlands between Kabul and Herat) is the formation ol 
those iiuiiionsoly deep gorges and defiles winch are locally known 
as “daras.'* One of these, in the Astarab, to the south-easi ol 
Maimana, is hut 30 yards wide, and is enclosed between }»< r/icn 
dicular limestone clifFs 1.500 Icct high Throughout Alghan 
Turkestan and Afghanistan tho lowest beds luflong to a marine 
Carhomferoiis era. Those are oitrlaid by a long siiccc'^sioii of 
slrata, partly marine and partly fluMatile, lonmng an unbroken 
beiios up to Jurassic tiinos. On the ui»tiirned and denuded edges 
of these strata enormously thick beds of Cretaceous limestone rest 
unconiorniably ; above tho.sp, again, marine and Iresliwatcr deposits 
are spread. (Inesbach considers that tho general outlino of tins 
land configuration has remained much tho same siiico Plioeem* 
times, and tliat the force which brought about the wrink- 
ling of the oilier deposits still continues to add fold on fold 
The highlands which shut olf the Turkestan proMiiccs from 
Southern Afghanistan ha\e alhirded the best op])ortunities 
lor geological investigation, and, as might ho exjicclcd fiom 
their geographical position, the general result ol tlic cxamina 
tion ol exyiosed sections leads to the idcntilicotioii ol geological 
allinity W'lth Himalayan, Indian, auii Persian legions The 
general conhguration of the Tuikestan liiLdilands has been alreaily 
indieated. Against the last groat fold which tt imiuati ^ this 
mountain area north waids are langed the Teitianes and ret cut 
deposits. Not th of Maimana they form low undulating loe^-s hills, 
in which most ot the Jbuid-i-Turkcstan drainage is lost This w'lde 
spreading loess aiea, formed partly of wind-blown sand ami partly 
of detritus from the mountains, is know'ii as (Jhul, and merges into 
the great jflains south of fhe O.xua river, a gieat part of wliieh is 
covered W'ltli modern aorml deposif s. Bcncal h this ( 'hid formation 
tho older beds of the outer and Turkestan langes dip and pa'-s to 
an iiregular outcroji near the banks of the 0\ns Betweiui the 
Oxus and tlio hills there has alioady been lurmcd a rise or flexure 
in the ground, which extends more oi less paialhd to the northern 
idge of the hills, and, shutting in the ndtivatcMl area of tlie 
plains, aricsts all fnbiitancs seeking to ellcct a jiiiicfioii 
with tho Oxus from the south, and Irub to the foimation of 
marshes and swarnyis. This appeals to bo the eommemenunt of 
a new anticlinal whicli has aifiud the levels of tlic Balkh ]>lain, 
and IS indicative of tliose elevating jirocesscs whnh may have 
been effective within hisfoiic times in changing the climate and 
the agricultural prospects of tins part of Oentral Asia. The Oxus 
itself IS steadily cucioachiug on its right bank', and dcjiositing 
detritus on the left 

No flesh discov cues of minerals likely to be of high economic, 
value to Afghanistan liave been made ol late vcar-i Sm.h as aro 
known and woiked at present Jiavc been worked from veiy’ ancient 
times, and their capacity is not likely to develoj» greatly under 
the Kabul Governmeut. Tlie most impoitant fcatuie in this 
connexion which was noted ly the geologist of the liusso- 
Atghan Commission is the existence of vast coal beds in 
Northern Afghanistan. 

There aro no glacieis now to bt* found in Afghan Tuikesfan ; 
hut cvidcuccB of llioir recent exisft in‘o are ahuiulant I’lic great 
boulder bed terraces in some of tlic valJe> s of the northern slopes 
of the Fcro/khoi jdateau aro jiiohahly^ of glacial oiigiii. In tlic 
mountains west of Kabul glaciers have letiied, leaving the 
moraines perfectly iindist urbeci. They W'ere piobably totemporary 
with the older alluvia 

CUnwie . — Over an area so largo as Afghanistan, involving 
such varied eouditioiis of geogra})hical eoiifonuatioii, we iind, 
as wo might expert, a varied climatic record. Taking the 
liighlands of tho country as a whole, there, is no gre^t 
difFerenec between the mean teini>eratnre of Afglianistan 
and that of the lower Himalaya. Kach may be placed at 
a point Ixitwecu 50" and GO"' F. But the. remarkable 
feaiture of Afghan climate (as also of the climate of Balu- 
chistan) is its extreme range of temperature •witliin limited 
ixsriods. The least daily range in Northern Afghanistan is 
in the cold weather, the greatest in the hot. For seven 
months of the year (from May to November) this range 
exceeds 30" F. daily. The coldest month of the year 
is February, the mean minimum being 17* F., and the 
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maximum 38®, in the northern Herat districts. Waves of 
intense cold occur, lasting for several days, and one may 
have to endure a cold of 12" below zero, rising to a 
inaxLiuum of 17" below freezing-point. The eastern 
reaches of the Hari llud river are frozen Hard in winter, 
rapids and all, and the ]»oople travel on it as on a road. 
On th(} other liand the .simmujr temixjrature is t‘xceedingly 
high, especially in the Oxus regions, where a shade maxi- 
mum of 1 10 ’ to 1 20' IS not uncommon. Afghanistan lying 
outside monsoon inlluences, there are stcjadicr weather 
indications than there are in India. The north-west 
blizzards winch occur in wdnter and s]inng are tlie most 
notic(*al)h‘. feature, and their iriHueuce is clearly lelt on the 
Indian frontier. The cold is then intense anti the force of 
the wmd cyclonic It was a blizzard of tins nature which 
jiroved so disastrous to the Afglian Jloundary (Commission 
in April 1885. 

PtfUtiral Jioumlaries , — In the realm of jiolitical geo- 
graphy, wdiilst no great changes liave lately been effected 
in the political status of Afghanistan as an indejiendent 
state subject to Jiritish suzerainty, moie exact definition 
lias been givtm to the extent of terniory under Kabul rule ; 
and the geographical limits of the Amir’s responsibility 
luive Vioen more distinctly laid down by the delimitation 
of boundaries. These deliiiiilations commenced with the 
Kusso-Afghan (Jommission of J885, and they concluded 
with the Mohmaiid exixidition of 1897, at the close of a 
long series of disjointed efforts arising out of the agree- 
ment signed at Kabul in November 1893. 

Coinmotiuinf' with tlw 1‘orHian boi*der at Zullihar on tliu Ilari 
Hud river, tlio boundary botwoeii Alghanistau and UusHia tolluws 
a liuo rou^lily jiarallol to the course of tlua rarojianusus, and 
about 3.^) miloH to tlio north of it, till it strikes tbo Kuslik river in 
Jamshidi turntory at a iioint which was once known as (yhahil 
Dukteruii, hut is now tlie Hussiaii station of Kushk, and the 
terminus of a branch railway lioni Merve. TJio Kussiuii Kushk 
is about 20 inilcs below the old Jaiiishidi settlonioiit of the same 
name, itself about 15 miles north of the crest oi the l*ar()[)ami8U.s. 
The lieiji^lit of tlic Hussiaii station is about 2000 feet above sea, 
and there is a rise of 4000 loct to the crest of the Paropaiiiisus. 
Krom hero to Herat (roughly 25 iiiiles) the fall is about ^500 feet. 
From Kushk the boundary riiiis north-east, crossing the Murghah 
near Mariicliak (which is an Afghan fortress), and thence isisses 
north-east through the loess lulls of tho (3iul, and the inidnla- 
ting deserts of the Aleli Turkuians, to tho Oa us, leaving the valleys 
of Chars I lain ba and of the Aiidkiiui (to w Inch it i uns approximately 
parallel) wuthin Afghan hunts. 'J'hcse valleys denote the limits 
of cultivation 111 this direction. Throughout all this region the 
boundary is generally of an aititicial character, niarkod byjpillars, 
hut it IS hole and there indicated by natuial features luiiiiing 
local hues of waLer-]).irting or water-course. The boundary meets 
tho Oxus at Kh.iiniab at the western cxtioiinty of the culti- 
vated district oi Khwaja S<ilar, and from that ])uint to the 
eastern end of bake Victoria in tho Pamirs the main ehaiinel of 
the Oxus river forms tho northern limits of Afghanistan (see 
Oxus). Eastwards from bake Victoria the fiontier line was 
doterimned by the Parnir llouudaiy Oommissiou in 1895. A jiait 
of tlio little Pamir is included in Afghan teriitory, but tho 
boundary crosses this Pamir before the groat bend north W'ards of 
tho Aksu takes jilaee, and, passing over a senes of crags aiui iiii- 
traversable mounfain ridges, is lost on the (yhinesc frontier in tlie 
snowfields of Sankol Bending back westwards upon itself, 
tho line of^ Afghan troiitiei now follows the w’ator-]»arting of 
the Hindu Kush ; and as the Hindu Kush absolutely overhangs 
tho Oxus nearly opposite Ishkamish, it follows that, at this point, 
Afghanistan is about 10 miles widi* Thus a small and highly 
elevated portion of the State extends custw'ards from its extreme 
north-eastern corner, and is attaidesl to the gieat Afghan quadri- 
lateral by the thin link of tin Panja valley. These narrow 
limits (called Wakliaii) imdude the hifty 8])urs of the northern 
flank of the Hindu Kush, an impassable barrier at this point, 
where the glacial passes roacli 19,000 feet in altitude, and the 
enclosing peaks 21,000 feet. The backbone or main water-divide 
of the Hindu Kush coutiiiiies fo form tlie boundary between 
Afghanistan and those senii- independent native states which 
fringe Kashmir in this mountain region, until it reaches Kahristan. 
From near the Dorah pass (14,800 feet), which connects Chitral 
with tho Panja (or Oxus) river, a long, straight, snow-clad spur 
roaches southwards, which divides tho Katiristau valley of Bashgol 
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from that of Chitral, and this continues to denote the eastern 
limits of Afghanistan till it nearly touches the Chitral river 
opposite the village of Arnawai, 45 miles south of Chitral. Here 
the Bashgol and Chitral valleys unite and the boundary passes 
to the water-divido cast of the Chitral river, after crossing it 
by a spur which ]ea>es the insignificant Arnawai valley to 
the north ; along this wator-divide it extends to a point 
nearly opposite the quaint old town of Pashat in the Kunar 
valley (the Chitral river has become the Kunar in its course south- 
wards), and then stretches away m an uneven and undefined line, 
ihviding certain sect ions of tho Molimands from each other by 
hy}K)thetieal landmarks, till it strikes the Kabul river near Palosi. 
Thence follouiug a course ncaily duo south, it reaches Lundi 
Kutal. From tho abutment of the Hindu Kush on the Sarikol in 
tho Pamir regions to Lundi Kotal, and indeed throughout its 
eastern and southern limits, the boundary of Afghanistan which 
we are describing does not jiart that country from British India, 
but from certain outlying iiuiejieudent frontier districts, all of 
which ho beyond the boundary which Britain inherited from the 
Sikhs, and which m still recognized as the limit of British India. 
Kanjiit, Chitral, Bajaor, the Mohmaud districts, Swat, and Buner 
are all included in this liiiigo of quasi -independent territory, 
w'hich, although llm degree oi iiidepetidonee enjoyed by it is of 
a different cliaracter altogether from that enjoyed by Afghanistan 
(being more immediately under British polith*al control), has 
never yet been included within the red lino. From the neigh- 
bourhood of Lundi Kotal the boundary is earned to the Safed 
Koh overlooking the Afridi Tirah, and tlien, rounding off tho 
cultivated portions of the Kuram valley below the Pciwar, it 
oroHsos the Kaitii and jiasses to the iiiqier reaches of tho Tochi. 
Crossing thesis again, it is continued on the west of Waziristan, 
finally sinking the Gomul river at Domaudi. So far it has 
divided Afghanistan from tho mdepeudent i>rovince of the 
Punjab. South of tlie Gumul it sepanitcs the interests of 
Afghanistan fruiii those of Baluchistan. The Punjab indejiend- 
eiii provinces^ are traversed by certain routes (the Khaibar, tho 
Kuram, the Tochi, and the Gomul) wdiicli are held by British 
arms, and guarded by regulars or militia in British pay. At the 
western extreniiMes "of these routes India touches Afghanistan, 
and nowhere else. From Domundi (the junction of tho Kundar 
liver and tho Gomul) tho Afghan boundary luari'hcB with that of 
Baluchistan (see BALromsi’AN), It is earned to the south-west 
on a line wdneh is largely defined by tho channels of the Kundar and 
the Kadanai to a ]>oiut beyond the Sind Peshm teniiinal station 
of Kew Ubamaii, w’cst of tlie Kbojak range, and then drojis south- 
wards to Shorawak and Nusliki. From Kushki it crosses the 
Helniand desert, touching the ciost of a well-defined mountain 
watershed for a great jiart of the W'ay, and, leaving Chagai tt» 
Baluchistan, it strikes nearly west to the Peisian frontier, and 
joins it on tlio Koh-i-Malik Slab mountain, south of Sistan. Two 
points of this ]>art of tlie Afghan boundary are notable. It leaves 
.some of the most fanatical of the Diirani Afghan people on the 
Baliieh side of the frontier in the Toba disfrict, north of the 
Vuetta-Chamau hue of railw'^ay ; and it jiasses 50 mi les south of the 
Helmatid river, enclosing wutliin Afghanistan the only approach 
1o Sistaii from India wMiieh is a\ailable during tho seasons of 
liclmand overfiow\ Betw^cen Afghanistan and Pi'r-ua tho 
boundary w'as deliiiod by Sir F. Colilsmid’s Commission in 1872 
irom the Malik-Siah-Koh to the Helmaiid Hamdris ; beyond 
those lagoons to the northw'aid it is still indefinite till it touches 
the district ot Ilashladum in lat. 15'. Here again a small 
section ot about 40 miles has been delimited as far as the Hari 
Itud river at Toman Agha (some 12 mll(^s lielow Kuhsan), 
and irom this jioint to Zulfckar the Han Hud is itself the 
boundary. 

Afijlian Pr()vlm*es,- -Within tho limits of this boundary 
tho chief jiroviiices of Afghanistan are those of Kabul, 
ZaLul (or Kandahar), Herat, and Afghan Turkestan. The 
Kabul province mainly (for it is not fiossiblo to enter into 
details as regards these indefinite internal provincial 
boundaries) includes tho Kabul basin, and Roh. Rbh 
originally signified all tho country of the Suliman and 
Khaibar hills so far as they are occupied by Pathans, i.e,, 
from Rajaor on tho north to Peshm and Sibi on the 
south, and from the Indus to Ghazni and tho Khojak in 
tho west. 'J^he word Roh means the same as Koh (a 
mountain), and the Roh mountaineers are the Rohilla of 
history. By tho late boundary demarcation a jiart of Roh 
luis become independent of Afghanistan, and tho name 
might conveniently be ap])lied to all that independent 

^ These provinces have been included in a political agency distinct 
from tho Puigab since the above was written. 
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strip of territory which now intervenes as a buffer between 
British India and Afghanistan. Zabul includes Sistan, 
and, although well enough known to Afghans, the name 
has been superseded in colloquial English by Kandahar. 

It may bo said to include the Helinand basin, Herat is, 
broadly speaking, the basin of the Hari Bud ; and Afghan 
Turkestan includes the i)lain8 of Balkh and Badakshdn. 

Chief Cities. — The ijolitical and coiimiercial activity of 
Afghanistan centres about the three cities of Kabul, 
Kandahar, and Herat, notices of which occur elsewhere 
in the Erwy. Brit. Of other well-known cities of 
Afghanistan, Balkh (the mother of cities), and Ghazni are 
cities of the past, Mazar-i-Sharif is a religious, and Tash- 
kurglian a commercial centre for the Oxus provinces of 
Afghan Turkestan. Maimana, Andkhui, Khanabad, and 
I'aizabad are all places of note — walled towns, with local 
commandants, or governors, and busy, well-filled bazaars. 
There are, indeed, more widespread signs of general in- 
dustrial activity in Afghan Turkestan than there are in 
the Herat and Kandahar ))rovi,nces of Southern Afghan- 
istan, where wide sjiaccs exist which df> not include a 
single town of importance. 'J'his is es]KJciaIly the case 
towards the western frontier, where, however, such local 
ciuitres as Farah and Babzawar, and such smaller industrial 
communities as Adraskand, Kin, and many other frontier 
villages, would undoubtedly develop into significance if 
encouraged by a railway. 

Iwlejtcndertl Tribes . — Collaterally with Afghanistan the 
political g(*ography of that inde])en(lent strip of territory 
which intervenes between the Afghan frontier and Ikitish 
India re(iuires notice, for some of it formed jjart of the 
Afghan iJurani empire, together with a large portion of 
the Punjab and Sind. It is only sinoe 1896 that this 
independent “buffer” territory has become a ]>olitieal 
entity by the creation of the ^iresent Afghan boundary. 
Whether it long survives beyond the red line of the 
l*unjab or not, assuredly it will never form part of 
Afglianistan again. 

From the central water-divido of the Hindu Kush there reache.s 
southwards a wide strip of iiiouutaiiious country, formed by its 
elevated and iiitncato sjuirs, to tlie borders of the Poshawur plain. 
On the west this mountain district is bounded by Afghan- 
istan ; on the cast it stretches beyond the Indus to the Kliagan 
vallov and Kashmir. This<great wilderness of mountains includes 
the Oliitral basin north of Ariiawai ; the valleys of Yasiii, Kar- 
ambar (or Ashkuman), and Hunza (the last known as Kaiijut), 
all iurmiug ]iart of the Gilgit basin ; a eoiisiderable section of the 
Indus N alley, in which lie tlio forts of Chilas and Takot ; together 
with the ] teaks oi Kuhistaii, Darcl, aii<i Taiigir ; the valley of 
Ibiiier ; tlie valleys of the Swat, Paiijkora, Dir, Bajaor, and a 
l)drt of the Hohmand country. Some of these valleys are con- 
nected bj*^ ])olitical ties w'lth Kashmir ; others are <putc mde- 
]»endeut (see Gi i.(U'i ). It is nothing but a broad >vastc of mountains 
interseeted by narrow rock-bound valleys, and traversed by routes 
which here and there are hardly distinguishable from the crudest 
goat -tracks. The southorn part of this region, so full of geo- 
grajtlneal surprises and thorny juditieal piolth'iiis, is usually 
termed Yaghistau (the country of the independents) by the 
fioutuT people, and throughout those southern tracts the domi- 
nant race is that of the Afghan Yiisufzai. Amongst this vast 
array of minor ranges, all of tlieiii oirslioots of the Iliiidu Kush, 
the dividing ridge between iho Gilgit drainage and the uj)j»er 
Chitral and Panjkora basins, wdiieh is called Shandur, is jk*i- 
bajH the most prominent feature. It shuts off* Chitral from 
Its base at Oilgit by a barrier which is over 12,000 feet in alti- 
tude The alternative ap^iroiieh to Chitral from the south by 
Dir loads 1o no altitude greater than 10, .500 feet — the height of 
the Ijowarai pass leading from Dir to Kala Drosli. Yaghistau and 
and Kanjiit mountains separate Biitisli India elfeetu- 
ally fioTii the highlands of the Pamirs. Across that independent 
inouiitaiii waste no irruption into India has ever spread from the 
north. It forms a barrier which is practically as offncjtive as that 
J^f Kafiristan on its western flank, and will continue to form a 
long as the glacier-bound passes and byways of the 
Hindu Kiisli ore not improved into liigii-roads. 

immediately south of the Khaibar route the band of independ- 
<*nt territory is continued by the Afridi uplands of the eastern ' 


spurs of the Safed Koh. Tlien occurs the Kurain valley and the 
irregular mountain belt occupied by the Shiah Tuns and Jajis. 
Here once more, as at Lundi khana, Biitish India touches Afghan- 
istan on the Peshawur spurs, the valley of the Kuram being lield 
by Hntisli levies. Next there intervenes a rough indepeiulcnt 
inouiitaiuouB district drained by the Kaitii, between the Kuram 
and Toelii, wdiere again the British line of oeeupation iienetratcs 
the frontier to the Afghan boundary. Beyond llii^ to t lie south, 
lies the Switzerland ol the frontier, Waziiistaii loiniing a 
separate geographical and ethnograjihi<‘al division fioin the jest 
of the frontiei. From the Kliaibai to tlie Goiinil tlie charmdt i- 
istics of the bordorJaml aie wnh, fiattiOi Milb-js, with eompaia- 
tively gentle gradients filling in the oj>c*n sjuocs l»ctween hill', 
which are gratiutilly being loweieil by proetss^'s of ilcnudal hmi 
T in re is little of that mark* d n*gularity *il parallel flexuies 
w'hieh IS tlie ]ire vailing fcatuic south ol tin- Gomiil. 

Ethnoijrnphy. --The term Afgluin n ally a])plies to one 
section only of the mixed eonglomeiation (»f nationalities 
which forms the iieopie of Afghanistan, Imt this js the 
dominant section. The predominance of the Afghan in Af- 
ghanistan dates from tin* middle of the 18th century, when 
Ahmad Shah carved out Afghanistan from tlie previous 
conquests of Nadir Shah, and called it the Dnrani enqure. 

The Afghans claim to be lirn-i-Jsrof/, aiul insist on their 
descent from the tribes who woie earrusl away cajitive from 
Palestine to Media by Nobuchadnezzai. Ycl tiny elaim to bo 
Ihikhtuu (or Pathaii) m common with all other rusbto-speaking 
f lilies, whom they do not admit to be Afghan. Ihc bond of 
aflinity between the various peoples wlio eompoM' tho i^athaii 
eomtiiuniiy is simply the bond oi a common language All of 
them recognize a common (‘ode or unwntlen law' called I'ukhtuii' 
wall, whicn apiioars to bo similar in geneial eharaeter to the old 
llubraie law, though inodiherl by Mabommedaii onlinaiices, and 
strangely similar in eeitain ]>artieiilars to Hajput custom. 

Since "their national independence the Afghans of Afghanistan 
have styled themselves They arc settled ]»rineij»ally in 
the Kandahar country, extending into Sistaii and to the borders 
of the Herat valley. Eastward they spread across the Afghan 
border into the Toba highlands iiorlh of the Khojak, wdion* they 
are represen teri by Achakzai and Sadu/ai clans I'hoy exist in 
the Kabul districts as Barakzai (the Amir's elan), and as Mah- 
mundzai (Mohmauds) and Yusnfzai they oeeiijiy tlie hills north 
of the Kabul river, Bajaor, Swat, Huner, and part of the Peshaw'ur 
plains. All the nowly-demarcatcd indojiendent proMnees north 
of the Pcshaw'ui, and south of the Chitral and the Gilgit basin, 
are peopled with Afghans who are thus outside tho frontier of 
Afghanistan. 

After tho Afghan the dominant jieople are the rakhtvn, or 
PiithanSy who aio reniesontod by a v.iriet} ol tribes, many of 
winch are recognized as being of Indian origin These non- 
Afghan l^atliams occujiy the hilly regions on the immediate 
British frontier The Afridi, Juwaki, and Orakzai elans hold tho 
liighlands immediately south of the Khaibar ami Tushawur. 
The Tuns of the Kuram (of tlie Shiah jieisuasion), the Dawaris 
of Toelii, and the Wa/iris of AVaziristau fill up the intervening 
Pathan hills north of the Gomul. In the Koliat district the Khal 
tak and Bangash elans are rathan, so that l^uthaiis are found on 
both sides of the border J’athans are probably the Pactyii or 
Paetyie of Herodotus, who also mentions the Ajirytte or Afridi 
In the utter absence of written history or of trustworthy genealogi- 
« al evidence, the origin ol most ol the Pathan elans is likely ever 
to remain a mystery. It is eiiougli that w'o can trace their 
e.visteuee in the regions they now occiqiy, or in contiguous 
districts, from tlie days of HiTodotiis The immediate coimexiuii 
of Britain with the Pathan of tlie Indian border makes him an 
important item in frontier ethnography ; but he is not (within 
the limits of Aighaiustan) to bo considered as a political factor 
of anything like equal inqiurtuueo W'lth the Oliilzai. 

Tho Ghilzai is reckoned a Pathan, and he is connected with 
the Afghan ; but bo is of an enlircly distinct origin, and he only 
claims ties of faith and aftlint)" of language witli other Afghan 
lieoples — he does not admit kinship Tlie popular theory 
of the origin of the Ghilzai traces him to the luikish tribe 
of Kilji, once occupying districts bordering the ujqier course 
of tho Jexartes, and affirms that lie was brought into Af- 
ghanistan by the Turk Sabaktegin in the 10th centurv of our 
era. How’ever that may be, the Ghilzai clans now rank collec- 
tively as sc'^ond to none in strength of military and commercial 
enterprise. They are a fine, manly race of peojile, and it is from 
some of their most influeiifial clans (Sulimaii Khel, Nasir Khel, 
Kliarotis, &c.) that the main body of jiovindah merchants is 
derived. Tliose frontier commercial travellers trade between 
Ghazni and the plains of India, bringing down their heavily-laden 
khafilas at the coiiiniencement of the cold weather, and retiring 
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tu the hilltt again ore the Buromer heat aets in. Thouaanda of 
thorn may bo found during the winter months circulating 
through the farthest districts of the peninsula, where it not 
infrequently happens that they prove to be troublesome, if not 
dangerous, visitors. The ratlian, however, who finds his way 
across the sea to Australia is nut of the Ohilzai tribe. He 
usual ly bolon^M to the Kakur section of Pathaiis, who occupy a 
large district in Baluchistan. (Ihilzai chiefs take a load in the 
]>olitics of tlio country and x>osscsa much influouce at the court 
of Kabul. 

Underlying the iircdominant Afghan and Ghilzai elements in 
Afghan ethnograj)hy is the I'ajtk, represoiitmg the original 
Persian ])usHOssor of the soil, who still sxieaks his mother tongue. 
Th< re aiu jiurc Persians in Afghanistan, such as the Ki/zilhashes 
of Kabul, and the Naoshirwanis of Kharaii ; but the name Tajik 
appears to be applied only to an admixture of original Arab and 
Persian stock (such as the Doliwars), who are llio slaves of the 
community — howors of wood and drawers ol water. Kvorywhero 
the Tajiks are the euUivaiurs in rural districts, and the shop- 
kooners and clerks in Iho towns. The Tajik is as iiiueh the slave 
of the Pathaii ill Alghanistan as is the Tlindki (whoso origin is 
Bttuilar) in the idains of tho Indus. Vet the Tajik po]mlaiioii 
of llie richly-e.ultivatod dislriets north of Kaluil ])roved them- 
selves to be ot good fif^htiiig material in the Alglian war of 
1879-80, and tho few Kizzilhaslies th.it are to be lound in the 
ranks of the Indian army are good soldiers. 

Next ill iinpoitanee to the Tajik is tin* Monfful Ilasara, who 
also speaks a dialect of Peisiaii, and belongs to tho Shiah sect of 
Mahommodans. The Hazaia are dt'scendaiiLs of military colonists 
introduced by Cheiighiz Kh.iu ; they occu]»y all the highlands 
of the upper Jlelmand valley, spreading thioiigh the country 
between Ksbul and Herat, as well ;is into a strip of territory on 
the frontier slopes of the Hindu Kii.sh north of Kaluil. In the 
western jirovinccs they are known as the (lhahar Aimak (Hazaras, 
Jamshidcs, Taimauis, iiiul FeroAhois), and in other districts 
they are dlMtiiigULsln d by the iianio of Hu* territory they occupy. 
They are pure Monguls, inlermixing with no other races (chiotly 
for tho rca.son that no otliei r.u'es will intermix with them), 
preserving tlicir l.tiigu igc and llicir Moiigul eharactensties 
iiiuniUieuced by tlieir siirioiindings, IwiMiig absolutely displaeed 
the former oci'up.inls ol the Ibizarajat and (ihoi. They make 
good soldiers and excellent pioneers Tiio Amir's coittjianies of 
engineers are lociuitcd tiom tlio H.izaras, and they form perhaps 
tho nio.,t ellVcfivc corps in his lieterogeiiuous army. 

In Afghan Tiirkost in xve hud the Tajik mixed with Turkibh 
races — tlie H.sbak and Tutknuu. Mmli inlciei^ting hicratiiiu 
exists uliout the Tmknian^ tlic original Turk of Asia. By some 
othiiogra pliers he is assuoi.ilcd with the icd-skuiiiod Rajput in 
those ear\y days when lie was know'll to ancient geogra]»lier8 as 
Skyth. Othois see in luiii an oilshout Iroui the saiiio original 
sources xvhich dcvcbiped the 'IVuton He is at any rate non- 
Moiigoliaii, and the old rai'e hatn d between 'J'lirk and Motigul is 
hardly less biller now tbaii it was in the days ol Zalur-u-din 
Mahornmed, (jiherwisc called Bab.ii, the royal Turk adventurer 
wdio iouiidcd that dynasty ol Tuikish cmpcrois on the throiio of 
Delhi which lias been known to ]>osloiity us “Moghul.” Tho 
chief Turkman tribes Idt to Afghan rule are the Ahcli of the 
Daolatab.'id • Aiidkhui distiicis and lh<* Krsari of the Khwaja 
Salar seetion ol tlic Oxus iiontior Originally lobbers and raiders, 
they are all of Ibciii now eng.iged in agricultural put suits. 

North of Kabul, in the KoliHlan tlnit holders Ivahristan, are 
certain races of mixed ongin ‘qieaking Persian dialects, such as 
the NiiiK'lias, Sails, &c , who Iriiige louiid the central niountain 
wilderness of Kalinstaii, wIuti* are. to la* found secluded valleys 
and glens containing tribes and ocojtlcs (collectively called Kafirs), 
xvho speak dialects inniimerabb', and who w'ere till lately inde- 
pendent of Afgliuuistaii. UeTiinunts of the ancient Baktriu, 
flotsam and jetsam Irom ohl (Ireck colonics, intcnniuglod wutli 
people of Indian origin fon*cd upwards Iroin the plains, are all 
represented in the Kaliristan wilderness The otlinography of 
Kafiristan still requires eliicidalion The well-known claim of 
tho Kafir to be conddered as of Greek extraction is jiartially 
supported by the late ubntilic itiou of a tribe of Kamdesh in 
lower Bashgol wuth the ancient Nica'ans ol Airian’s history ; and 
it seems ])robable that, with the progress of scientific investiga- 
tion, recent theories of recognizable Greek elements in tho popu- 
lation of certain districts south of Kabul w’lll be fully sustained. 

Roads and Passes . — Omitting tlio groux) of northern 
routes to India from Central Asia, which ^lass between 
Ka.shniir and Afghanistan through the defiles of Chitral 
and of the Indus (see Hindu Kush), the highways of 
Afghanistan may bo classed under two heads : (1) Foreign 
trade routes, and (2) Internal communications. 

Of the many routes which cross the frontiers of Afghanistan 
tho most important commercially arc those which connect the 
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Oxus re^pons and the Central Asian Khanates with Kabul, and 
those which lead from lUbul, Ghazni, and Kandahar to the plains 
of India. Kabul is linked with Afghan Turkestan and Bodak- 
shan by three main lines of communication across the Koh-i-Baba 
and the Hindu Kush. One of these routes follows the Balkh river 
to its head from Tashkurghan, and then, preserving a high general 
level of 8000 to 9000 feet, it passes over the w'ater-divides separating 
the upper tributaries of the Kundiiz river, and drops into tho valley 
formecl by another tributary, at Bamian. From Bamian it passes 
over the central mountain chain to Kabul either by tho well- 
known passes of Irak (marking the water-divide of tho Koh-i- Baba) 
and of Unai (marking the summit of the Sanglakh, a branch of 
tho Hindu Kush), or else, turning oastw'ards, it crosses into tho 
Ghorliand valley by tho Shibar, a pass which is considerably 
lower than the Irak and is very seldom snowbound. From the 
foot of the Unai jiass it follows tho Kabul river, and from tho 
foot of tho Shihar it follows the circuitous route which is 
olferod by tho drainage of the Ohorband valley, to Charikar, and 
thenoe southwards to Kabul. Tho main points on this route are 
Haibak, Bajgah, and Bamian. It is full of awkw'ard grades and 
minor xmeses, but it does not maintain a high level generally, no 
pass (if tho Shibar route bo adox>ted) mueh exceeding 10,000 
icet. That this has for centuries been reganled as the main 
route northwaid from Kabul, tho Buddhist relies of Bamian and 
Haibak boar silent witness ; but it may be doubted whether the 
Amir*s talent for road making has not opened out bettor alter- 
native lines One of his roads eoniu'cts Haibak with tho 
Ghorband valley by the Chahardar pass across tho Hindu Kush. 
Tho pass IS high (nearly 14,000 feet), but the road is excellently 
well laid out, and the route, which, south of Haibak, traverses a 
corner of the Ghori and Baglilaii distri<*ts of Badakslian, is more 
direct. A third route also passes through Badakslian, and con- 
nects Knnduz w'ith (Jhankar by iho Khaw'iik pass and ranjshir 
river. Tho latter joins the Ghorband close to (Jharikar. The 
Khawiik (11,600 fe(‘t) is not a high pass ; the grades arc lasy and 
the snowfall usually light. This high road is stated (on Afghan 
authority) to bo k(‘pt oj>en for khalila irafiie all the year round 
by tho emjiloymont of forced labour for clearing snow. It is a 
recently -develojicd route and one of great importance to Kabul, 
both strategically and coinincrcially Roiiti's jinbsing westwaids 
to the Afglian highlands through the mountain barriers of the 
frontier between Pcshawiir and the Gomul occur at intervals 
along the western border, and in this northern sceiion of tho 
north-west frontier they nri* all wiOl marked. Tho Khaibar, 
ICiuam, and Tochi are tho heat known, inasmuch as all these 
lines of advance into Afghanistan are held by British troops or 
Indian levies. Bui the latc'ly-exjdored Baia valley route into 
the heart of tho Afridi Tirah is not lobe altogether overlooked, 
although it 18 not a trade route of any lUijiortanee. Tho Kkaihar 
route is described elsewhere. It should be noted that it was not 
in ancient times the mam route of advance from Kabul to 
roshawui From Kabul the old route followed the Kabul river 
through the valley of T^aghmaii (or Bamghaii, as the Afghans call 
It) over a gentle water- jiar ting into the Kuiiar vailoy, leaving 
Nangrahar and Jalalabad to the south. From the Kunar it 
erussi'd into Bajaor by one of several ojieri and com jm rati vely 
easy jiassea, and from Bajaor dewendi'd into India either by the 
Malakand or some other eontigiious IVoiituT gatew'ay to the jdaiiis 
of Peshawiir. The Kuiain route involves tlie IViwar and the 
Shutargardan passes (8600 and 10,800 feet resiiectively) across 
tlio southern extensions of the Safed Koh range, and has never 
been a great trade route, however suitable as nn altiTiiat i ve military 
lino of advance. Although trade at xirescnt docs not extend 
largely between Afghanistan and India by tho Toelii route, being 
locally eonfined to tins valley and the districts at its head, yet 
this IS the bhortest and most direct route between Ghaziii and 
the frontier, and m tho palmy days of Ghazni raiding was the 
roail by which the great robber Mahmud occasionally descended 
on tu the. Indus plains. Traces of his raiding and roadmaking 
aro still visible, but it is rertain that ho made use of the more 
direct route to Peshawiir far more frequently than he did of the 
Tochi. Tho exact nature of tho connexion between tho head of 
the Toc*hi and the Ghazni plain is still unknown to us. The 
Oomnl is, and has ever been, tho great c(‘ntral trade route 
between Afghanistan and India ; and tho x>osition, which has 
lately been occupied by a British jiost at Wana, will do much to 
ensure its continued popularity. Tho Gomul involves no ])assea 
of any groat difiiculty, although it is impossible to follow the 
actual course of tho river on account of tho narrow defiles which 
have hceii cut through tho recent conglomerate hods which flank 
tho ]ilains of the Indus. It has been carefully surveyed for a 
possible railway alignment ; and an excellent road now connects 
Tank (at its foot) with the Zhob lino of communications to 
Quetta, and with Wana on tho southern flank of Waziristan. 
The Gomul routs is of immense importance, both as a commercial 
and strategic line, and in both particulars is of far higher 
significance than either tho Kuram or the Tochi. 
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Of the interior lines of oommunicationi those which connect the 
mat cities of Afghanistan, Herat, Kabul, and Kandahar are 
obviously the most important. Between Kabul and Herat there 
is no ** royal" road, the existing route passing over the fre- 
quently snowbound wastes that lie below the southern dank 
of the great Koh-i-Baba into the upjMr valleys of the Hari Rud 
tributaries. It is a waste, elevated, desolate region that the 
route traverses, and the road itself is only open at certain seasons 
of the year. Between Kabul and Kandahar exists the well-known 
and oft-traversed route by Ghazni and Kalat-i-Ghilzai. There is 
but one insignificant water-i»arting — orkotal — a little to the north 
of Ghazni ; and the road, although unmade, may be considered 
equal to any road of its length in Eurone for military purposes. 
Between Kandahar and Herat there is the recognized trade route 
which crosses the Helmaiid at Girishk and pasMes through Farah 
and Sabzawar. It includes about 360 miles of easy road, with 
spaces where water is scarce. There is not a |)aHK of any great 
importance, nor a river of any groat difficulty, to bo encountered 
from end to end, but the route is flanked on the north Ixitween 
Kandahar and Girishk by the Zamindawar hills, containing the most 
truculent and fanatical clans of all the Southern Afghan tribes. 
Little need be said of the 65 miles of route between Kandahar 
and the Baluchistan frontier at New Chaman. It is on the whole 
a route across open plains and hard, stony ^Masht" — a route 
which would offer no ^eat difficulties to that railway extension 
from Chaman which has so long been contomplatod. A very 
considerable trade now passes along this route to India, in spite 
of the almost prohibitive imposts of the Amir ; but the trade 
docs not follow thcj railway from New Chaman to the eastern foot 
of the Ehojak. This part of the lino is officially ** boycotted" 
by the court at Kabul, and long strings of camels may still bo 
seen from the train window's patiently treading their slow way 
over the Khojak pass to Kila Abdullah, wdiilst tlie train alongside 
them rapidly twists through the mountain tuiin<d into the Peshiii 
valley. 

Statistica. — No trastworthy statistics exist showing 
cither present numbers or fluctuations in the pofmlatioii 
of Afghanistan. Within the Amir’s dominions there are 
probably from four to five millions of people, and of these 
the vast majority are agriculturists. 

The cultivators, including landowners, tenants, hired labourers, 
and slaves, represent the working population of tin* euuutry, and 
as industrious and successful agriculturists they are uiisur])assed 
in Asia. They have earned tiie art of irrigation to great per- 
iectioii, and tnoy utilize every acre of ])rofitable soil. (Jertaiii 
(ihilzai clans are specially famous for tlieir skill in the construc- 
tion of the karez or underground water-channel. There are two 
harvests in most part.s of Afghanistan ; the first (consisting of 
cereals and some peas and beans) is reajied in summer, and the 
second in autumn, when rice, millet, ar/un ())anicum halieuni), 
and Indian corn npon. Vast quantities oF fruit are grown and 
exported to India from I)oth Kabul and Kandaliar. Assafcctida 
IS indigenous to the western districts and also forms a consider- 
able item of exiiori. 

The inaiiufactures of the country have not developed much 
during recent years. Postins (sheepskin clothing) and the, many 
varieties of camel and goat’s liair-cloth which, under the name 
of “ barak," “ karak," &c., are manufactured in the northern 
districts, are still the chief local })roduct8 of that part of Afghan- 
isbiTi. Herat and Kandahar arc famous for their silks, although 
a largo proportion of the manufactured silk found on the Herat 
market, as well as many of the felts, carjiets, and ciiihroideries, 
are brought from the Central Asian khanates. The district of 
Herat produces many of the smaller sorts of carpets {** (jalichas** 
or prayer-carpets), of excellent design and colour, the little town 
of Adraskand being es])ecially famous for this industiy ; but they 
are not to be compared with the best products of Eastern Persia 
or of the Turkman districts about Panjdeh. 

The nomadic Afghan tribes of the west are chiefly pastoral, and 
the wool of the southern Herat and Kandahar provinces is famous 
for its quality. In this direction, the late boundary settlements 
have undoubtedly led to a considerable dcvolopraent of local 
resources. A large quantity of wool, together with silk, dried 
fruit, madder, and assafostida, finds its way to India by the 
Kandahar route. 

It 18 iiniKissiblo to give accurate trade statistics, there being 
no trustworthy system of registration. The value of the imports 
from Kabul to India in 1892-93 was estimated at 221,000 Rx (or 
tens ot rupees). In 1899 it was little over 217,000 Rx, the period 
of lowest intermediate depression being in 1897. These imports 
include horses, cattle, fruits, graiu, wool, silk, hides, tobacco, 
V provisions (ghi, Ao.). All this trade emanates from 

Kabul, there being no transit trade with Bokhara owing to the 
heavy dues levied by the Amir. The value of the exports from 
India to Kabul also shows great fluctuation. In the year 1892-3 


it was registered at nearly 611,000 Rx. In 1894-6 it had sunk 
to 274,000 Rx, and in 1899 it figured at 294,600 Rx. The chief 
items are cotton goods, sugar, and tea. In 1898-99 the imixirts 
from Kandahar to India were valued at 330,000 Rx, and the ex- 
ports from India to Kandahar at about 264,000 Rx. Three- 
fourths of the exports consist of cotton cckmIs, and throe-eighths 
of the imports were raw wool. The balance of the imports was 
chiefly made up of driiMl fruits. Commrison with tratie statistics 
of jirovious years on this side Afghanistan is difficult, owing 
to the inclusion of a large wction of Baluchistan and Persia 
within the official Kandahar" returns , but it dues not appear 
that the value of the Western Afghanistan trade is much on the 
increase. The opening up of the route between Quetta and 
Sistan has doubtless affected a trade which was already seriously 
hampered by the Amir’s short-sighted restrictions. 

The Cioverument of Afghanistan is monarchical, and succes- 
sion to the throne is hereditary. There are five chief political 
divisions in the country — namely, Kabul, Turkestan, Herat, 
Kandahar, and Badakshan, each of which is riilt‘d by a “naib" 
or governor, wlio is directly rcsponsibh} to the Amir. Under the 

S overnors of provinces the nohles and kazis (or district judges) 
ispenso justice much in the feudal fashion. A]>art from the 
universal system of bribery and sfioliatioii to which they give rise, 
feudal motnods aie more pojuilar (and possibly more effective 
with a people like the Afghans) than high courts and tlie slow 
machinery of civil law w’ouTti lx*. Swift even-handed justice is by 
no means rare in Afghanistan. 

The Afghan army j^rohably numbers nearly .50,000, distributed 
between the military centres of Herat, Kandahar, Kabul, 
Mazar-i-Sharif, Jalalabad, and Asniar, with dctadimcnts at 
frontier outposts on the side of India The Amir’s factories at 
Kabul for arms and ammunition are said to turn out about 
20,000 c4irtridgos and 15 rifles daily, with 2 guns xicrwcck ; but it 
is probable that means are available for the acquisition of other 
military equipment than that manufactured in the country. 

Financially, Afghanistan has never, since it first hec'ame a 
kingdom, been able to pay for its own government, i>ublic works, 
and army. There ap]>ears to be no inherent reason w'liy this 
should be so Whilst it can never (in the absence of any great 
nuneral wealth) develo]) into a wealthy country, it can at least 
support its own population ; and it would, but for the short- 
sighted trade policy of the Amir, certainly have risen, during 
the last twenty years of ]>earo, to a position of respcetablo 
solvcney. Its revenues (about which no trustworthy informa- 
tion is available) are subject to great fluctuations, and probably 
never exc(*ed the value of one mulioii sterling pc*r annum. They 
fell in Slier All’s time to £700,000. The original subsidy to the 
Amir from the Indian Government was fixid at 120,000 Rx per 
annum, but in 1893 in ooiincxion w'lth the boundary settlement 
it was increased to 180,000 Rx. 

The religion of the country throughout is Mahommedan. Next 
to Turkey, Afghanistan is the most powerful Mahommedan 
kingdom in existence. The vast majority of Afghans arc of the 
Sunni .sect; but there are, in their midst, siicn powerful com- 
munities of Shiahs as the Hazaras of the central districts, tlie 
Kizzil bashes of Kabul, and the Tons, or Tuns, of the Kuram 
border, nor is then* between them that lutteriiess of sectarian 
animosity whicli is so marked a feature in India The Kafirs of 
the mountainous region of Kafiristau alone arc non Mahommedan. 
They are sunk in a paganism which seems to embrace some faint 
reflexion of Greek mythology, Zoroastrian pnnciples, and the 
tenets of Buddhism, originally gathered, no doubt, from the varied 
elements of their mixed extraction. Those contiguous Afghan 
tribes once included in Kaflrislan, who have not so long ago been 
converted to the faith of Islam, arc naturally the most fauaticAl 
and the most virulent upholders of the faith around them. In 
and about the centre of civilization at Kabul, instances of 
Ghazidom arc comjiarativcly rare. In the western provinces 
about Kandahar (amongst the Durani or true Afghans — the 
people w'ho specially claim to be Beii-i-lsrael), and C8|)ecially in 
Zamindaw'ar, the spirit of fanaticism runs high, and every other 
Afghan is a possible Ghazi — a man who has devoted his life to the 
extinction ol other creeds. 

Education is confined 1o most elementary principles in Afghan- 
istan. Of schools or colleges for the punioscs of a higher 
education befitted to the sons of noblemen ana the more wealthy 
merchants, there is absolutely none ; but the village school is 
an ever-pr(*seiit and very open spectacle to the j>asser-by. Here 
the younger hoys are collected and instructed in the rudiments 
of reading, WTitiug, and religious creed by the village miilla, or 
priest, who thereby acquirt's an early influence over the Afghan 
mind. The method of teaching is confined to that wearisome 
system of loud-voiced repetition which is so annoying a feature 
in Indian schools ; and the Koran is, of course, the text-book in 
all forms of education. Every Afghan gentleman can read and 
B}>eak Persian, which is the language of the court, and which is, 
indeed, more often heard in Kabul tfian Pushtu ; but beyond thia 
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acquirement (to which must certainly bo added tbo arts and 
graces of good manners) education seems to be limited to the 
physical development of the youth by instruction in horseman- 
ship and feats of skill. Such advanced education as exists in 
Afghanistan is centred in the priests and physicians ; but the 
ignorance of both is almost phenomenal. 

Atjthoki n Ks. - -Since A fghamstan has been mapped and surveyed 
no comprehensive account of the country has b(Mm jmblished. 
Apart from the survey rei)orts and gazetteers of the Indian 
Oovemment, the following are the chief recent sources of in- 
formation : — Kayk. IHsUrry of Uve War in AhjhaniataUj 1878. - 
Mallkhon. Jfinfory of AfgJianistan. London, 1879. — W. P. 
Simpson. Jalalabad Hogion," li.O.S, Proc., yo\. i. 1879.— 
Dr H. W. Bkllkw. Afghanistan and tlio Afghans, Loudon, 
1879; “TIic Ethnography of Afghanistan,*’ Asiatic Quarterly 
Ilfiiriewy Get. 1891.— Major Holukui. ^‘Ocograplucal Kcsults of 
the Afghan Campaign," /-'roc., vol. i. 1879. — Hknsman. 

7%e Afghan War. London, 1881. — Major W. Buoadfooi. 
“ Reports on Part of the Ohilzai Country,” siipplemontary jiaper, 
JLO.S.f vol. i. Part 111. 1886. — C. L. Ckilshacii. “Afghan and 
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IlKt’KNT HiSTOllY. 

In following the hiHtory of the course of atfairs 
in Afghanistan during the 19th century, it should be 
SmddoMMia remembered that the Saddozais aiul Harakzais 
mad Birmh are two branehes of the Durani tribe, which was 
mined to dominant power liy its chief, Ahmed 
Khan, the founder of an Afghan kingdom under the Had- 
dozai dynasty towards the end of the 18th century. lJi.s 
descenclaiits bad ruled, amid many vicissitudes, at Kabul, 
until in 1818 the assassination by the reigning Amir of 
his powerful minister, Fatteh Khan Barakzai, led to a 
revolt headed by the Bd.rakzai family, wliicdi ended in the 
SAmh expulsion of the Haddozai Hliah Hhujah, and the 
Sbujmt mad establishment at Kabul of Dost Alahomnied, 
DoMtMm- Fatteh KhaiPs son; while Shah Hhujah took 
bammed, reiuge in the Punjab. By tliis time tlic politi<‘al 
situation of Afghanistan had become materially affected by 
the consolidation of a formidable military dominion on its 
eastern frontier in the Punjab, under Uanjit Hingh and Ins 
Sikh army. Ranjit Singh took advantage of the distracted 
condition of Afghanistan to seize Kashmir, and in 1823 
he defeated the Afghans in a battle Avhieh gave him the 
suzerainty of the Peshawar province on the right bank of 
the Indus, though an Afghan chief was left to administer 
it. Ten years later Shah Shiijah, the exiled Saddozai Amir, 
made a futile attempt to recover liis kingdom. He was 
defeated by Dost Mahoiumed, when Hanjit Singh turned 
the confusion to his own account by seizing J’eshawar and 
driving the Afghans back into their mountains. 

At this point begins the continual interference of P]ng- 
land and Russia in the affairs of Afghanistan, which has ever 
iaterter^ exercised a dominant influence upon all 

eaca of subsequent events and transactions. It has | 
Buropama not only transformed the situation of the ruling i 
Powen* Amirs, but has also profoundly affected the 
Asiatic policy of the two l^uropean Governments. Shah 
Shujah’s enterprise in 1833 had been supported by the 
co-operation of Ranjit Singh, and encouraged by the 
British Viceroy, Lord W. Beutinck. Although the ex- 
pedition failed, the result was to excite jealousy of the 
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British designs ; and the Russian envoy at Tehran insti- 
gated the Shah of Persia to attack Herat, the important 
frontier fortress of north-western Afghanistan, which was 
then in the possession of an independent chief. In 1837, 
in spite of remonstrances from the British representative 
at Tehran, a Persian army besieged the city, but the 
appearance of British troops on the southern coast of 
Persia compelled the Persians to withdraw from Herat in 
1838. The rivalry between England and Russia was now 
ojicnly declared, so that each movement from one side 
was followed by a counter movo on the Afghan chess- 
board from the other side. The British ministry had 
been seriously alarmed at the machinations of Russia and 
the attitude of Dost Mahommed at Kabul ; and it was 
determined that the most effective means of securing their 
own interests within the country would be by assisting Shah 
Shujah to recover his sovereignty. A tripartite treaty 
was made between Ranjit Singh, the British Governor- 
General of India, and Shah Shujah ; and a British 
army marched uj) tlie Bolan Pass to Kandahar, occupied 
that city, pushed on northwards to Ghazni, which was 
taken by assault, and entered Kabul in 1839. As Dost 
Mahommed had fled across the northern mountains, Shah 
Shujah was proclaimed king in his stead. 

But this ill-planned and hazardous enterjjrise was * 
fraught with tlie elements of inevitable failure. A ruler 
imposed upon a free people by foreign arms is BriUuh 
alway.s unpopular ; he is unable to stand alone ; poUcy la 
and Ids foreign auxiliaries soon find themselves Afghan* 
obliged to choose botwoeii remaining to uphold 
his power, or retiring with the probability that it will 
fall after tlieir departure. The leading chiefs of Afghan- 
istan perceived that the maintenance of Shah Shujah^s 
rule by British troops would soon be fatal to their own 
power and position in the country, and probably to 
their national independence. They were insatiable in 
their demands for office and emolument, and when 
they discovered that the Shah, acting by the advice of 
the British envoy, was levying from among their tribes- 
men regiments to be directly under his control, they took 
care that the plan should fail. Without a regular revenue 
no effective administration could bo organized; but the 
attempt to raise taxes showed that it might raise the 
j)i‘ 0 )>le ; so that for botli moii and money the Shah’s govem- 
iiicut was still obliged to rely princijially upon British aid. 
All these circumstances combined to render tlie new regime 
weak and unpopular ; since there was no force at the ruler’s 
('otiimaiid excejit foreign troops to ]iut down disorder or 
to protect those wlio snbmitterl ; while the discontented 
nobles fomented disaffection and tlie inbreil hatred of 
strangers in race and religion, among the general Afghan 
population. 1'he result was that after two years’ occupa- 
tion of the etmntry, in tlie vain hope of establishing a 
national government under Shah Shujah, the British 
found their own situation untenable ; for tlie fierce aud 
warlike tribes broke out into incessant revolt, until a 
serious insurrection at Kabul in the winter of 1841-42 
compelled the British army to make an ignominious and 
disastrous retreat. The wliole force was lost on the road 
between Kabul and Jalalabad ; but Jalalabad was success- 
fully defended by its British garrison, and General Nott 
held out at Kandahar until (Tcneral Pollock’s temporary 
re occupation of Kabul in 1842 restored in some degree 
the military reputation of Great Britain. The British 
tioops then completely evacuated the country. Dost 
Mahommed, who had been a state prisoner in India, was 
replaced on the Kabul throne; and the policy of inter- 
vention in Afghan affairs was suspended for nearly forty 
years. 

It has been said that the declared object of this policy 
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had been to maintain the independence and integrity of 
Afghanistan, to secure the friendly alliance of 
# its ruler, and thus to interpose a great barrier 

AiSctmtt- of mountainous country between the expanding 
iMtmtt of power of Russia in Central Asia and the British 
^jominion in India. After 1849, when the 
Bag oa . a^nnexation of the Punjab had carried the Indian 

north-western frontier up to the skirts of the Afghan high- 
lands, the corresponding advance of the Russians south-east- 
ward along the Oxus river became of closer interest to 
the British, particularly when, in 1 856, the Persians again 
attempted to take possession of Herat. Dost Mahomiiied 
now became the British ally, but on his death in 18G3 the 
kingdom fell back into civil war, until his son Sher Ali 
had won his way to undisputed rulership in 1868. In the 
same year Bokhara became a dependency of Russia. To 
the British Government an attitude of non-intervention 
in Afghan aflFairs appeared in this situation to be no 
longer possible. A meeting between the Amir Sher Ali 
and the Viceroy of India (Lord Mayo) at Umballa in 1869 
drew nearer the relations between the two governments ; the 
Amir consolidated and began to centralize his power ; and 
the establishment of a strong, friendly, and united Afghan- 
istan became again the keynote of British iK)licy beyond 
the north-western frontier of India. 

When, therefore, the conquest of Khiva in 1873 by the 
Russians, and their gradual approach towards tlui Amir’s 
northern border, had seriously alarmed Sher Ali, 
he applied for support to the British ; and his 
Sher At! disappointment at his failure to obtain distinct 
from the pledges of material assistance, and at Great 
BrMeh. Britain’s refusal to endorse all his claims in a 
dispute with Persia over Seistan, so far estranged him from 
the British connexion that he began to entertain amicable 
overtunjs from the Russian authorities at Tashkend. In 
1 869 the Russian Government had assured Lord Clarendon 
that they regarded Afghanistan as comi)letely outside the 
sphere of their inlluence ; and in 1872 the boundary line 
of Afghanistan on the north-west had been settled between 
hhigland and Russia so far eastward as Lake Victoria. 
Nevertheless the correspondence between Kabul and Tash- 
kond continued, and as the Russians WT.ro now extending 
their dominion over all the region beyond Afghanistan on 
the north-west, the British Government determined, in 
1876, once more to undertake active measures for securing 
their j)olitical ascendancy in that country. But the Amir, 
whose feelings of resentment had by no means abated, was 
now leaning toward Russia, though he mainly desired to 
hold the balance between two equally formidable ri\als. 
'J’he result of overtures made to him from ln<lia was that 
in 1877, when Lord Lytton, acting under direct instruc- 
tions from Her Majesty’s ministry, proposed to Sher Ali a 
treaty of alliance, Sher Ali showed himself very little dis- 
posed to WTlcome the offer ; and ujion his refusal to admit 
a British agent into Afghanistan the negotiations finally 
broke down. 

In the course of the following year (1878) the Russian 
Government, to counteract the interference of England 
BrWMbex- advance upon Ckmstantinople, sent 

pedMoa, an envoy to Kabul empowered to make a 
iB78m79. treaty with the Amir. It was immediately 
notified to him from India that a British mission would 
he deputed to his capital, but he demurred to receiv- 
mg if • and when the British envoy was turned back 
on the Afghan frontier hostilities were proclaimed by 
the Viceroy in November 1878, and the second Afghan war 
began. Sir Donald Stewart’s force, marching uj) through 
Baluchistan by the Bolan Pass, entered Kandahar with 
little or no resistance ; while another army passed through 
the Ivhyber Pass, and took up positions at Jalalabad and 
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other places on the direct rood to Kabul. Another force 
under Sir Frederick Roberts marched up to the higli passes 
loading out of Kuram into the interior of Afghanistan, 
defeated the Amir’s troops at the Paiwar Kotal, and seized 
the Shutargardan I’ass which commands a direct route to 
Kabul through the Logar valley. The Amir Slier Ali fled 
from his capital into the northern province, where he died 
at Mazdr-i-Sherif in February 1879. In the course of the 
next six months there was much desultory skirmishing 
between the tribes and the British troops, who defeated 
various attempts to dislodge them from the positions tluit 
had been taken up ; but the sphere of Britisli military 
operations was not materially extended. It was seen that 
the farther they advanced the more difficult would become 
their eventual retirement; and the problem was to find a 
successor to Sher Ali who could and would make terms 
with the British Government. 

In the meantime Yakub Khan, one of Sher Ali’s sons, 
had announced to Major Cavagnari, the political agent at 
the head(]uarters of the British anny, that he had 
succeeded his father at Kabul. I'he negotia- 
tions that followed ended in the conclusion 
of a treaty in May 1879, by which Yakub Khan 
was recognized as Amir ; certain outlying tracts of 
Afghanistan were transferred to the British Government ; 
the Amir placed in their hands the entire control of liis 
foreign relations, receiving in return a guarantee against 
foreign aggression ; and the establishment of a British 
envoy at Kabul w’as at last conceded. By this convention 
the complete success of the British political and military 
ojierations seemed to have been attained ; for wdiereaa Sher 
All had made a treaty of alliance with, and had rccoiNcd an 
embassy from Russia, liis son had now^ made an exclusive 
treaty with ilie British Government, and had agreed that 
a Britisli envoy should reside iHTinanently at covagnari 
his court. Yet it was just this final concession, murdered 
tho chief and original ob ject of British policy, and the war 
that proved speedily fatal to the w^hole settle 
inent. For in Sejitember the envoy, Sir Louis Cavagnari, 
with his staff and escort, was massacred at Kabul, and 
the entire fabric of a friendly albanci* went to pieces. A 
fresh expedition was instantly despatched across the 
Shutargardan Pass under Sir Frederick Roberts, who de- 
feated the Afglians at (Miarasia near Kabul, and entered 
the city in October. Yakub Khan, who had snrrcndei-ed, 
w^as sent to India ; and the British army remained in 
military occupation of the district round Kabul until in 
December (1879) its coniinuiiications with India WTre in- 
terrupted, and its jiosition at the capital placed in serious 
jeopanly, by a general rising of the tribes. After they 
Inwi been lepulsed and i)iit down, not w’lthout some hard 
fighting, Sir Donald Stew^art, who had not quitted Kan- 
dahar, bniught a force U]) by Ghazni to Kabul, overcoming 
Ronn' resistance on his way, and assumed the supreme 
command Nevertheless the political situation was still 
embarrassing, for as the whole country beyond tho range 
of British ('fiective militaiy control was masterless, it 
was undesirable to writhdraw' thi' lrooj)S before a govern- 
ment could lie reconstnictiHl wdiich could stand without 
foreign suiqxirt, and with wdiich diplomatic relations of 
some kind might be arrangiid. I'lu' general position and 
prospect of political affairs in Afghanistan bore, indeed, an 
instructive resemblance to the situation just forty years 
earlier, in 1840, witli the imjiortant differences that the 
Punjab ai^d Sinde had since become British, and tliat 
communications between Kabul and India were this time 
secure. 

Abdurrahman, the son of the late Amir Sher All’s elder 
brother, had fought against Sher Ah in the war for suc- 
cession to Dost Mahommed, had lieen driven beyond the 
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OxuB, and had lived for ten years in exile with the 
Russians. In March 1880 he came back across the 
Abdumh- ^iver, and began to establish himself in the 
mao ba- northern province of Afghanistan. The Viceroy 
cornea c)f India, Lord Lytton, on hearing of his re- 
Amir. ap])earance, instructed the political authorities 
at Kabul to communicate with him. By skilful ncgotiri- 
tions a meeting was arranged, and after pressing in vain 
for a treaty ho was induced to assume charge of the 
country upon his recognition by the British as Amir, with 
the understanding that he should have no relations with 
other foreign powers, and with a fonnal assurancci from 
the Viceroy of i)rotection from fonjign aggression, so long 
as he should unreservedly follow the advice ol tlic British 
Government in regard to his external affairs. The provinc*e 
of Kandahar was se.vered from the Kabul dominion ; and 
the Sirdar Slier Ali Khan, a member of the Bfirakzai family, 
was installed by the British representative as its inde- 
pendent ruler. 

For the second time in the courses of this war a con- 
clusive settlement of Afghan affairs seemed now to have 
been attained; and again, as in 1879, it was 
AyubKhan immediately dissolved. In July 1880, a few 
tabman!'^ days after the proclamation fd Abdurrahman 
as Amir at Kalml, came news that Ayub 
Khan, Slier All’s younger son, who had been holding 
Herat since his father’s death, hail marched upon Kan- 
dahar, had utterly defeated at Mai wand a British force 
that went out from Kandahar t(» oppose him, and was 
Ix'sieging that city. Sir Fredi'iick Roberts at once set out 
from Kabul with 10,000 men to its relief, reached Kan- 
dahar after a rajiid march of 313 miles, attacked and 
route.d Ayub Khan’s army on 1st Scjitember, and restored 
British authority in southern Afghanistan. As the British 
ministry hot! resolved to evacuate Kandahar, Slier Ah 
Khan, who saw that he could not stand alone, resigned 
and withdrew to India, and the Amir Ahdurrahinaii was 
invited to take ])ossessi(in of the jirovince. But when 
Ayub Khan, who had meanwhile retreated to Herat, heard 
that the British forces had retired, early in 1881, to India, 
he mustered a fresh army and again approached Kandahar. 
In June the fort of (Brisk, on the Helmiind, was stuzed by 
his adherents , the Amir’s troops were defeated some days 
later in an engagement, and Ayub Khan took possession 
of Kandahar at the end of J uly. The Amir Abdurrahman, 
whoso movements had hitherto been .slow and uncertain,now 
acted with vigour ami decision. He marched ra])idly from 
Kabul at the head of a force, with which he encountered 
Ayub Khan under the walls of Kandahar, and routed his 
army on :22nd September, taking all his guns and ecpiipage. 
Ayub Khan ffed toward Herat, but as the place had mean- 
while been occupied by one of the Amir’s generals he took 
refuge in Persia. By this victory Abdurrahman’s ruler- 
ship was established. 

In 1884 it was determined to resume the demarcation, 
by a joint commission of British and Russian officers, of 
the northern boundary of Afghanistan. The work went 
on with much difficulty and contention, until in March 
1885, when the Amir was at Rawalpindi for a conference 
with the Viceroy of India, Lord Dufforiii, the news came 
that at Panjdeh, a disjmted place on the boundary hold by 
the Afghans, the Russians had attacked and driven out 
with some loss the Amir’s troops. For the moment the 
consequences seemed likely to be serious ; but the affair was 
arranged diplomatically, and the demarcation proceeded 
up to a point near the Oxus river, beyond which the 
Commission were unable to settle an agreement. 

During the ten years following his accession in 1880 
Abdurrahman employed himself in extending and con- 
solidal^ing his dominion over the whole country. Some 
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local revolts among the tribes were rigorously suppressed ; 
and two attempts to upset his rulership — the first by 
Ayub Khan, who entered Afghanistan from 
Persia, the second and more dangerous one by maa^a 
Tshak Khan, the Amir’s cousin, w’ho rebelled ayatamot 
against him in Afghan Turkestan — were de- Morem^ 
feated. By 1891 the Amir had enforced 
his supreme authority throughout Afghanistan more 
completely than any of his predecessors. In 1895 the 
Amir’s troops entered Kafiristan, a wild mountainous 
tract on the north-east, inhabited by a peculiar race that 
had hitherto defied all efforts to subjugate them — and 
they have since been gradually reduced to submission. 
Meanwhile the delimitation of his northern frontier, up to 
the point where it meets Chinese territory on the east, 
has been comphitod and fixed by arrangements between 
the Governments of Russia and Great Britain ; and the 
eastern border of the Afghan territory, towards India, has 
also l)een inapiied out and iiartially laid down, in accord- 
ance with a convention between the two (Rivernments. 
The Amir not only received a large annual subsidy of 
money from llie British (Bwernment, but he also obtained 
considerable sn]>j>lies of war material; and he moreover 
avaih‘d himself very freely of facilities that wtu’e given 
him for the importation at liis own cost of arms through 
India. With thcsci rosourciis, and with the advantage 
of an assurance from tlie Britisli Government that he 
would be aided against foreign aggression, he was able 
to establish an absolute military despotism inside his 
kingtloin, by breaking down the power of the warlike 
trilies which hi‘ld in check, up to his time, the personal 
autocracy of tbi^ Kabul rulers, and by organizing a 
regular army well furnished with Euroi>ean rifles and 
artillery. Taxation of all kinds was hc^avily increased, 
and systematically collected. The result was that whereas 
ill former times the toices of an Afghan ruler consisted 
mainly of a militia, furnished by the chiefs of tribes 
who h(}ld land on condition of military service, and 
who stoutly resisted any atti'injit to commute this ser- 
vice for money ]>ayment, the Amir had at his command 
a large standing army, and disjiosed of a substantial 
revenue ]»aid direct to his treasury. Abdurrahman 
execut'd or exilt‘d all tliose whose political influence 
he saw reason to fear, or of whose disaifiTtion he had the 
slightest suspicion ; his administration was severe and his 
punishinonts were cruel ; but undoubtedly he put dowm 
disordei, stojiped tlio petty tyranny of local chiefs, and 
brought violent crime under some effective control in the 
districts. Travelling by the high roads is now com- 
paratively safe ; although it must be added that the ex- 
cessive exactions of dues and customs have very seriously 
damaged the external trade. In short, Abdurrahman's 
reign produced an important political revolution, or 
reformation, in Afghanistan, which has risen from the 
condition of a country distracted by chronic civil wars, 
under rulers whose authority depended upon their power 
to hold down or conciliate fierce and semi -independent 
tribes in the outlying parts of the dominion, to the rank 
of a foriuidahh} military state governed autocratically. 
How long such a system will outlast the death of its 
founder in 1901, in the hands of his successor Habibulla, 
has yot to be seen ; for in Asia a centralized administra- 
tion and a standing army are institutions which depend 
for their maintenance entirely on the ruler’s personal 
courage and capacity. Up to Abdurrahman’s reign the 
strength of the Afghan nation lay in its warlike character, 
in the readiness cif the tribes to combine for opposing 
and harassing «an invader, and in the local independence 
of powerful clans or chiefs. Now that the power of the 
chiefs has been levelled down, and the fighting strength 
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of the tribal groups has been dislocated, the defeat or 
mutiny of the regular forces may lead to widespread con- 
fusion in Afghanistan. 

lie extent of the territories subject to the rulers of 
Afghanistan has varied from time to time with political 
ji vicissitudes. Abdurrahman governed a king- 
tSb 0 Moa dom strictly delimited between the iwsaesaioiis 
indima or dependencies of Russia, Persia, and Indm. 
ifoaiUr. gjjoijd ))q mentioned, however, that the geo- 
graphical boundaries of Afghanistan would include on 
the eastward all the highlands down to the skirts of the 
mountains that slope towards the Indian plains ; for up 
to this line, and indeed beyond, the language, habits, 
and general character of the iHJople are identical. But 
the frontier laid down in 1894 to mark the efistc^rn limit 
of the Amiris jurisdiction, cut off from it a zone of tribal 
territory that had previously been for the most ])art under 
the nominal suzerainty of Kabul ; though in reality it 
has always bcjon a dobateablo land held by unruly and 
independent tribes. The zone thus interposed lietw^cn 
British India and the Afghan rulership may be roughly 
described as stretching from the southern border of the 
Chitral state, along the whole north-western frontier of 
India southwards to the confines of Baluchistan. It is 
traversed by all the passes that l(^ad out of the Afghan 
mountains into India ; it is occupied at several ]>oints by 
British garrisons or levies in British pay; and it is in- 
habited l)y fierce, free, and warlike tribes, whose annals, 
so far as they have any, l)elong to the general history of 
the Afghan people. From time immemorial they have 
held the valleys and high ranges which overhang the main 
routes towards the low country ; they have taken ly&rt in 
the incessant border wars and the great invasions of India, 
admitting allegiance to 1x5 due from them, as from all 
Afghans, to the chief ruler of their race, but acknowledg- 
ing no master. Since 1849 the protection of the Indian 
borderland has necessitated sending into those hills fre- 
quent military exi^editions, which have twice entangled the 
British in serious and prolonged fighting. In 1863 the 
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I. Physical Geogkaphy. 

A frica, the largest of the throe great southward pro- 
jections from the main mass of the earth’s surface, 
includes within its remarkably regular outline an 
mrem! according to the most recent computations, 

of 1 1,280,000 square miles, excluding the islands. 
Its main structural lines show^ both the east-to-w'est direc- 
tion characteristic, at least in the eastern hemi8])here, of 
the more northern parts of the world, and the north-to- 
south direction soon in the southern ]»eninsulas. The 
continent is thus composed of two segments at right 
angles, the northern running from east to west, the 
southern from north to south, the su1x)rdinate lines cor- 
rcsi)onding in the main to those two directions. 

Except ((uite in the north, the most striking feature 
in African geology is the groat age of the fundamental 
Oeaermi absence of signs of recent 

•tructun, disturbance of the crust leading to the elevation 
of folded mountain ranges. Both in the east 
and west of the meridional portion of the continent a 
broad zone parallel to the coast-line is composed mainly 
®'*^rient crystalline rocks (some of these showing signs 
®f folding), on the flanks of which rocks of |>aheozoic 
age still remain in the {losition in which they were first 
deposited. In the east a band of gneissoso and schistose 
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obstinate resistance made by the tribes to a large British 
force sent into their country was not overcome without great 
exertions ; and in 1897-98 an insurrection of the tribes in 
the Swat valley was followed by a general rising of the 
Afridis, who destroyed a j)ost of British leMe.s m the 
Khyber Pass, and were only brought to terms after an 
arduous and harassing cam})aign. Since 1894, when the 
Amir of Kabul renounced all claim to jurisdiction o^er 
this region, the tribes of the outei* hills and valleys on the 
Indian bonier have been gradually brought under the 
sujierintendence of the British Government by the location 
of posts inside their country, by enrolling triVial 
and by other methods for strengthening control. Vet the 
management of theses intractable and fanatic highlanders 
is still by far the most troublesome of the political and 
military difficulties that confront the Government along 
the whole external frontier of tlie Indian Empire. 

Rawlinkox. Knglaiul and Husnia ta thr Kasf^ 1875. —Sir H. M 
DtTRANn.— 77t£j F%rHt Afghan IVar^ 1879 — W\iLira Essays on 
tht^ EHcmal Voliry of Irulut, 1875. Lady Bisriv livi.Fouii. Lord 
Lytlons Indian Adm imstratiotif 1 899. - Elpii i n s i on k Account of 
iiic Kingdom of Kahnij 1809 . — Parliamentary “Af'^dianistaii ” 

— Loid CUKZOX. Prohlems of the Far East^ 1894, (a. C. L.) 

Afiun Kara-Hissar, th(^ ])opnlar name of Kara- 
hissar Siihib, an imjiortant trades centre in Asia Minor, in 
the Briisa vilAyet. Called Ntcopfdis by Leo III. after his 
victory over the Arabs, in 740, its name was changed by 
the Seljfik Turks to Kara-hissaVy “black castle.” The 
town is in the centre of the opium, afithiy district, and is 
connected by railway with Smyrna, Konia, Angora, and 
Constantinople. Population, 18,000 (Moslems, 13,000; 
Christians, 5000). 

AflTAfOlfty a town in the province of Naples, 
Campania, Italy, 5 miles from Naples. It is on the 
steam tramway from Naples to Caivano. The principal 
industries ave in straw hats, wine, and the manufacture 
of wooden articles of all sorts. There is a great annual 
fair on the second Sunday in May. Population about 
20 , 000 . 
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rocks, supposed to represent the primitive axis of the 
continent, has been traced at intervals for over half its 
length. Parallel with this and farther inland run broader 
lielts of ancient rocks, forming in places wide granitic 
domes. In the west an almost continuous band of 
crystalline rocks- chiefly schists of varying character — 
accom))anies the whole coast-lino of the southern segment, 
as well as a large ])art of the southern margin of the 
western limb. Finally in the centre of the continent, 
near the meeting-line of the two segments, the.se ancient 
rocks seem to occur in lines intermediate bctw’een the 
two main directions. The wide basin lietween the eastern 
and western crystalline lielts seems to be occupied largely 
by sedimentary strata, among which horizontally-bedded 
sandstones figure largely. Owing to the im|.»erfection of 
the data, and in many castes to the ub.sencc of fossils, the 
age of the strata cannot yet be determined ; but a]>art 
from recent fluviatile and subaenal deposits, they seem to 
belong chiefly to the ]>al£eozoic or older inesozoio iieriods. 
Along the eastern main axis tht' crystalline rocks are 
largely overlaid with sheets of volcanic rocks, while numer- 
ous volcanoes, some long since extinct, some jiartially 
active, have thrust up piles of matter al)ove them. 

In Northern Africa the whole geologic structure dates 
from much more recent times. Tlie most imj)ortant 
feature here is the existence of a folded mountain range 
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of comparatively recent date, which rims from east to west 
parallel to the northern coast This range — the Atlas - 
North and belongs to the European system both in its 
South direction and in its constituent formations. 

AMcm. Archaean rocks play quite a subordinate part, 
while a regular series of stratified formations, from palaeo- 
zoic to tertiary, most of which have equally cxiwrienced 
the effects of folding, constitute the greater jiart of the 
range. Of tlicse the mesozoic — particularly the cretaceous 
— cover the largest area, while tertiary strata occur chiefly 
in narrow Ininds near the coast. I'he (jastc’rn half of North 
Africa conhiius largo expanses both of tertiary formations 
and of crebicoous. The extnune south ol the continent is 
marked by the large extent of mesozoic hirmations (trias, 
<fec.), in addition to older rooks. 

Tljii mean elevation of Africa has liecn variously esti- 
mated at from 19G2 feet (Heiderich) to 2l3.‘l (Wagner), 
and may thus bo considered to approximate 
* * * closely to 2000 feet, which is rouglily the eleva- 
tion of both North and South America, imt is considerably 
less than tliat of Asia (3117 feet). In contrast with the 
other continents it is marked by the com)»arativcly small 
area IkiUi of very high and of very low gniund, lowlands 
under 600 feet occu[>ying an unusually small pait of the 
surface ; while not only arc tin* highest elevations inferior 
to those of Asia and South America, but thti area of land, 
over 10,000 feet, is also (juite insignificant, being rejire- 
sented almost t‘ntirely by individual ])caks and mountain 
ranges. Moderately elevated tablelands are thus the 
characteristic feature of the continimt, though the surface 
of these is broken by higher peaks and ridges. As a 
general rule, the greater elevations lie to the east and 
south, while a progressive diiiiinution in altitude towards 
the west and north is ob^ervabh!. Af»art from the low- 
lands and the Atlas rang* , the continent may be divided 
into two regions of higher and lower ])lateaux, the 
dividing lino (somewhat concave to the north-west) running 
from the middle of the lied Sea to about 6“ 8. on the 
west coast. We thus obtain the following four main 
divisions of the continent :— ( 1 ) The coastal plains — often 
fringed seawards by mangrove swamps — never stretching 
far from the coast, except on the lower courses of streams. 
Recent alluvial flats are found chiefly in the delta of the 
more important rivers. Klscwhcre the coast lowlands 
merely form the lowest stejis of the system of terraces 
which constitutes the ascent to the inner jdateaux. (2) 
The Atlas raiigi;, winch, orograjfliically as geologically, is 
distinct from the rest of the continent, lieing unconnected 
with any other area of high ground, but divided off on the 
south by a depressed area in jJaccs below sea-level. (3) 
The high southern and eastern jfiateaux, rarely falling 
below a height of 2000 feet, and having a mean elevation 
of about 3500. (4) The north and west African plains, 

bordered and traversed by bands ()f higher ground, but 
generally below 2000 feet. 

The two last divisions may Ihj again subdivided. Thus 
the high plateaux include The South African plateau 
as for as about 12" S., bounded on all sides by 
of high ground whi(3i fall steeply to the 
coasts. On this account South Africa has a 
general resemblance to an inverted saucer. The bounding 
ridges belong, as a ^ul(^, to the crystalline axes of the 
continent, but in the south-east, where they attain their 
maximum elevation in the Drakensberg range, the ancient 
rocks are overlaid by extensive beds of permian and trias. 
Quite in the south the idateau rim is formed by three 
j)arallcl stops with level ground between them. In the 
north the interior basin is demarcated merely by a strip 
of plateau somewhat more elevated than the rest of the 
surkce. Tlie South African plateau is connected towards 
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the north-east with (b) the East African plateau, with 
probably a slightly greater average elevation, and marked 
by some distinct features. It is formed by a widening 
out of the eastern axis of high ground, which becomes 
subdivided into a number of zones running north and 
south and consisting in turn of ranges, tablelands, and 
depressions. A wide area of granite and gneiss runs 
down the centre, forming in part a rolling plain, while 
the more elevated ridges are comi>osed chiefly of schists, 
quartzites, and stratified rocks. The most striking feature 
is the existence of two great lines of depression, due 
largely to the subsidence of whole segments of the earth’s 
crust, the lowest parts of which are occupied by vast lakes. 
Towards the south the two lines converge and wo find 
only one great valley (occupied by Lake Nyasa), the 
southern jiart of which is less distinctly due to rifting 
and subsidence than the rest of the system. Farther 
north the western depression, sometimes known as the 
Central Afncan trough, is occupied for more than half its 
length by water, forming the four lakes of Tanganyika, 
Kivu, Albert Edwmd, and Albert, the first -named 
over 400 miles long and the longest fresh-water lake in 
the world. Associated with these great valleys are a 
number of volcanic peaks, the greatest of which occur on 
a meridional line cast of the eastern trough. The eastern 
I dejiression, known as the Fast African trough or rift-valley, 
contains much smaller lakes, many of them brackish and 
without outlet, the only one comparable to those of the 
•western trough Ixfing Lake Rudolf, or Rasso Norok. 
Towards the northern end are Kilimanjaro -with its two 
]>eaks Kibo and Mawenzi, the former (according to Dr. 
Hans Meyer’s latest ineasuremeutj||19,430 feet, and prob- 
ably the culminating point of the whole continent — and 
Kenya (17,180 feet). Hardly less important is the 
Kuwenzori range (probably over 18,000 feet), which 
lies east of the western trough. Other volcanic t^jaks 
rise from the floor of tlic valleys, Kirunga, north of Lake 
Kivu, being still jiartially active, (c) The third division 
of the higher region of Africa is formed by the Abyssinian 
highlands, a nigged mass of mountains forming the largest 
continuous area of its altitude in the whole continent, 
little of its surface falling below 5000 feet, w^hile the 
summits reach heights of 15,000 to 16,000 feet. This 
block of country lies just off the line of the great East 
African trough, the northern continuation of which passes 
along its eastern escarpment as it runs up to join the Red 
8ea. There is, however, in the centre a circular basin 
occupied by Lake Tsana. The basis of the region is a 
mass of ancient crystalline rocks which have been furrowed 
by deep valleys under the influence of denudation. They 
are surmounted, esjiecially towards the south, by a large 
area of newer volcanic rocks, which have once covered the 
surface in continuous sheets, while the north-western 
margin is overlaid by sedimentary strata of Jurassic age. 

The lower north-western half of Africa, though the 
greater jiart of its area is below 2000 feet, is traversed 
by bauds of higher ground which run off from 
the higher lands to the south. Both in the east p^rSiirx 
and west the bordering highlands are continued 
as strips of jJateau parallel to the coast, the Abyssinian 
mountains being continued northwards along the ]^d Sea 
coast by a series of ridges reaching in places a height of 
7000 feet. In the west the zone of high land is broader 
but somewhat lower. The most mountainous districts lie 
inland from the head of the Gulf of Guinea (Adamawa, &c.), 
where heights of 6000 to 8000 feet are reached. Exactly 
at the head of the gulf the great peak of the Cameroon, 
on a line of volcanic action continued by the islands to 
the south-west, has a height, according to the measure- 
ments of Dr. Preust^ of 13,370 feet, while Clarence Peak, 
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in the first of the line of islands, rises to over 9000. 
Towards the extreme west the Futa Jollon highlands 
form an imiK)rtant diverging point of rivers, but beyond 
this, as far as the Atlas chain, the elevated rim of the 
continent is almost wanting. The intervening s^co 
between the east and west coast highlands is divided into 
separate basins by other bands of high ground, one of 
which runs nearly centrally through North Africa in a 
line corresponding roughly with the curved axis of the 
continent as a whole. The best marked of the l>asins so 
formed occupies a circular area in West Africa bisected by 
the equator, once jirobably the site of an inland sea and 
now largely covered by recent alluvium. 

The following table gives the ai>proxiinate altitudes of 
the most im])ortant h^atures of th(i continent 


Taui.j*, of Aluii'dks. 


Moitntain.s— Pkkt. 

Aidshi (Atlas) . . 14,000^ 

Simeu Mountains, Al»ys- 

siiiia 1:»,200^ 

Elgon . 14,200 

Sfttinid . 1J,'i90 

Kenya . . 17,lb0 

Kilimanjaro 19, 130 

Huwcii/oii . 18,000’ 

Kiiugwo (Nyd>,ii> 10,400 

Drakensberg . 11,700 

Maikhani, MaslionaJaiul 10,000’ 
Cameroon 1.1,370 

J.vKh.s - 

Chatl • 780 

Tsana . . r>750 

Ruiloir . 12:.0 

Victoria ‘Nyari/a . 3800 

Naiva.sha . 6300 

Manyara . 3300 

Albeit Nyan/a 2100 

AIImtI Edward . , 3200 


JiAKEs {conUnwd)- FiCEr 
Kivu .... 4900 

Tanganyika . 2670 

I >iyasa . .1700 

Mweru . 29o3 

Bangweulii . 3700 

Ngaim 2930 

Leo}.old 11 . 1100 

Tuwks, A'c.- 

Constantine (Algeria) . 2163 

Timbuktu . . 800 

Khartum . . . 1263 

Addis Abbaba . 8000 

Kldoma Ksviiie Sta., 

Bnt. E. Africa 7210 

Tabora 4130 

Zoinba 2918 

Bulawayo . 1469 

Pretoria 44(>2 

Bihe . . 3300 

Leoj)oldvilJe '•115 

Stanley Falls Sta. . 1170 


From the outer margin of tlie African plateaux a largC5 
number of streams run down to the sea with comparatively 
short <!ourses, while the rivers of the first class 
River Jong distances on the interior higlilandb 

sys eius. breaking through the outi*r ranges. The 

main drainage of the continent is to the north and west, 
or towards the basin of the Atlantic Ocean. The high 
Begin of plateau of East Africa contains the heod- 

tbeAttnn^ waters of the Nile and (^ongoj the former the 
tic ana longest, the latter the largest river of the con- 
Mediter- tineut. The southern branch of the Nile receives 
raaean, supplies from the mountainous region 

adjoining the Central African trough in the neighbourhood 
of the equator. Thence streams ]>our east to th(^ Victoria 
Nyanza, the largest African lake, and west and north to 
the AllK?rt Edward and Albert Nyanzjis, to the latter of 
whic.h the effluents of the other two lakes add their waters. 
Issuing from it the Nile flows north, and iHitwecn 7" and 
10® N. traverses a vast marshy Itjvel, during w'hich its 
course is liable to blocking by floating vegetation. After 
receiving the Eahr-el-Gliaisal from the west and the Sobat, 
lilue (more correctly. Black) Nile and Atbara from the 
Abyssiiiuin highlands, it crosses the great desert and enters 
the Mediterranean by a vast delta. The most remote 
head-stream of the Congo is the ChainlKi/i, w'hich flows 
south-west into the marshy Lake Bangweulu, afterwards 
turning north through Lake Mweru and descending to the 
forest -clad basin of west equatorial Africa. Traversing 
this in a majestic northward curve and receiving vast 
supplies of water from many great tributaries, it finally 
turns soiifh-west and cuts a way to the Atlantic Ocean 
through the westeni highlands. North of the Congo 


basin and separated from it by a broad undulation of the 
surface is the interior basin of Lake Ch^ — a flat-shored 
lake filled principally by the Shari coming from the 
south-east. West of this is the basin of the Nigt»r, the 
third river of Airica, wliich, though flowing to the Atlantic, 
has its principal s<iurce in the far west, and reverses the 
direction of flow exhibited by the Nile and Cungo. An 
im{>ortant branch, however. — the Benue — comes from the 
south-east. These tour river -basins ocTU]>y tln^ gieaUir 
jrart of the lower jilateaiix of North and West A Inca, the 
remainder consisting of and regions watered only by 
intermittent sti*eams which do not reach the sea. Ct 
the remaining rivers of the Atlantic basin the Orange, in 
the extreme south, brings the drainage fioni the i)iakcns- 
berg on the opposite side of the continent, wliile the 
Kuneiie, Kwanza, Ogowe, and Sanaga dram the west 
coast highlands of the southein limb, the Volta, Komoe, 
Bandama, (hiinbia, and Senegal those of the western limb. 

Of the rivers flowing to the Indian Ocean the only one 
draining any large par t of the interior plateaux is the 
Zambezi, the western branches of which come Basin of 
from the neighbourhood of the west coast, the Indian 
Ilecent exploi-atioiis have sliown that the most Ocean, 
remote head-stream is the Liba, which, rising midway 
across the continent, tlow.s w^est and south before assuming 
tlui ejistward direction of the lower river. All the largest 
tributaries, including the Slnie, the outflow of Lake Nya.sa, 
flow down the southern slopes of the band of high ground 
which stretches across the continent in 10" to 12" 8. In 
the south-west the Zambezi system interlaces with that of 
the Taukhe (or ^I'ioghe), from which it at times receives 
surplus water. The rest of the water of tb<' lauklie is 
lost ill a system of swamps and saltjians which formerly 
centred in l^ake Ngami, now dricjd up. Farther south 
the fjiinpopo drains a jiortion of the intcTior jilateau but 
breaks through the bounding highlands on the side of the 
continent nearest its source. The llovuma, Rufiji, lana, 
Juba, and Webi Shijbeli princijially drain the outer slojies 
of the East African highlands, the last-named losing 
itself in the sands in close proximity to the sea. Lastly, 
betw^een the basins of the Atlantic and Indian Oceans, 
there is an area of inland drainage along the centre ol 
the East African jilaleau, directed cliiefly into the lakes 
in the great rift -valley. The largest river is the Omo, 
which, fed by the rains of the Abyssinian highlands, 
carries down a large body of water into Lake Rudolf. 


The latest c^ali.ulation of the arras of Africau drain- . - 

a;;e systems, made by Dr A. Bludau {Pelermanns 
SlUteUiingen^ 43, 1897, J)i>. 184-6) gives the following 
general results ^ ’ 


Basin of the Atlantic . 

Do. Mediterranean . 

Do. Indian Ocean . 

Inland drainage area . 


4.070.000 sq. miles. 

1.680.000 
2,086,000 
3,452,000 


The areas of individual river-basins are . — 


Congo . 

Kile 

Niger . . . . 

Zambe/i 

Lake Chad 

Orange 

Do. (actual drainage area) . 


1.423.000 sq. miles. 

1.082.000 
808,000= „ 

313,600 ,, 

394,000 ,, 

370,300’ 

172, .300 


The area of the Congo basin is greater than tliat of any other 
river except the Amadou, while the African inland drainage area 
is greater than that of any continent but Asia, in whn h the same 
area is 4,900,000 sq. miles. 


The priuciiial Africuii lakes have been alluded to in the 
dcscrijition of the East African })latcau, but some of the 
phenomena connected with them may bc' s]>oken 
of more particularly here. As a rule the lakes 


= Iiu'ludiiig waterless tracts iiaturaby l>f‘longiug to basin. 


’ Estimated. 
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which occupy portions of the great rift-valleys have steep derives some support from the existence in the lake of 
sides and are very deejh This is the case with the two organisms of a decidedly marine tyjie, the investigation of 
largest of the tyj)e, Tanganyika and Nyasa, the latter of which has been the work of Mr J. E. S. Moore. They 
which was found in 1899 to have a depth of 430 fathoms, include a jelly-fish, molluscs, prawns, crabs, <S:c., and form 
Others, however, are shallow, and hardly reach the steep an isolated group found in no other of the African lakes, 
sides of the valleys in the dry season. Such arc Lake M. J. Cornet, a Belgian geologist, has expressed a doubt 
llukwa, in a subsidiary depression north of Lake Nya^ whether these organisms furnish evidence of a former con- 
and Eiassi and Manyara, in the system of the casttjrn rift- nexion of Tanganyika with the sea. 

valley. Lakes of tJie broad type, such as the Victoria Lying almost entirely within the tropics, Africa does 
Nyanza, are probably of intermediate depth. Ajwirt from not show excessive variations of temperature. Great 
the seasonal variations of level, most of the lakes show summer heat is experienced in the lower j)lains ciimmu 
))eriodi<; fluctuations, while some have HU])i)os(*d that a of North Africa, removed by the great width of 
progressive desiccation of the whole region is traceable, the continent from the influence of the ocean, and here too 
tending to tlie ultimate disappearance of the lakes, Such the contrast between day and night, and between summer 

a drying up has no and winter, is greatest. Farther south, the heat is to some 
doubt l)ecii in pro- extent modified by the moisture brought from the ocean, 
gross during long and by the greatiir elevation of a large part of the surface, 
geologic ages, but is especially in East Africa, where the range of temperature 
]»r<ibal)ly of no prac- is also wider than in the western basin. In the extreme 
tical iinj)ortance at north and south the climate is a warm temperate one. The 
till* jiresent time, most iiiij)ortant climatic differences are due to variations in 
The periiKlic fliuitu- the amount of precipitation. The wide heated plains of 
ations in the level North Africa, and in a lesser degree a corresponding zone 
of Lake Tanganyika of latitude in the south, have an exceedingly scanty rain- 
arc such that its out- fall, the winds which blow over them from the ocean 
flow appears to be losing ])art of their moisture as they pass over the outer 
intermittent. After highlands, and becoming constantly drier owing to the 
rising steadily fop heating effects of the burning soil of the interior ; while 
BOinii years after the scarcity of mountain ranges in the more central parts 
1871, a fall seems likewise tends to prevent condensation. In the inter- 
to liave set in about tropical zone of summer precipitation, this is greatest when 
1879, wliich before the sun is vertical or soon after. It is therefore greatest 
the end of the ceii- of all near the equator, where the sun is twice vertical, and 
tury had carried the less in the direction of both tropics. The rainfall zones 
lake back within its are, hc»wever, somewhat deflected from a due west-to-east 
natural bed. Within direction, the drier northern conditions extending south- 
about the same time wards along the east coast, and those of the south north- 
the neighbouring wards along the west. Within the equatorial zone certain 
Lake Hiikwa (the areas, csi^eially on the shores of the Gulf of Guinea and in 
level of which seems the Upi>er Nile basin, have an intensified rainfall, but this 
to 1x5 almost iden- rarely approaches that of the rainiest regions of the world, 

tical with that of The rainiest district in all Africa, and (in the present state 

Tanganyika) has in of knowledge) the second rainiest in the world, is a little 

gi*eat part dried up. west of !Mt. Cameroon, where at the Debunja station the 

ethers of the East following results have been recorded : — 

African lakes have, i 8»5 . 368'04 inches 

on the contrary, n.^cii in level, Nyasa having lx*en unusually 1896 . 384*96 „ 

high in 1896 and lludolf in 1896-98 ; so that, if the iluctua- »» 

tions are due to variations of rainfall, these do not affect 
the whole lake region simultaneously in the same direc- as compared with a mean of 475 inches at Cherrapuiyi, in 
tion. Jn the case of the Victoria Nyanza a variation to Assam. The two distinct rainy seasons of the equatorial 

the exteut of 5 feiit has bi*en thought to recur in periods of zone, where the sun is vertical at half-yearly intervals, 

eighteen to twenty-five years. Since 1896 records of the become gradually merged into one in the direction of the 

seasonal variations Imve been kept at stations north of the tropics, where the sun is overhead but once. The ques- 

lake; the maximum in the year ha>iug Ix^en so far about tion of a progr(5ssive desiccation of the continent has been 
15 inches. They may lx* accounted for in ]»art by the action touched upon in sijeaking of the lakes, 
of winds. Besules the East African lakes the princijml While the climate of the north and south, especially the 
are : — ^Lako Chad, in tlio northern area of inland drainage ; latter, is eminently healthy, and even the intensely heated 
Bangweulu ami Mwem, tra\ersed by the head-stream of 8ahara is salubrious by reason of its dryness, 
the Congo ; and Leopold II and Mantumba, within the the tropical zone as a whole is the most ^^*^***^ 
great bend of that river. All, exce])t possibly Mweru, are unhealthy portion of the world. This is 
more or less sliallow. The altitudes of the African lakes es})ecially the case in the lower and moister regions, such as 
have already been 8tati*d. the west coast, where malarial fever is very prevalent and 

Divergent opinions have lx*en hehl as to the mode of deadly ; the most unfavourable factors l^ing humidity 
origin of the Central African lakes, especially Tanganyika, with absence of climatic variation (daily or seasonal). The 
which some geologists have considered to repre- higher ] 3 lkteaux, where not only is the average temperature 

dating from a time lower, but such variations are more extensive, are more 
when the whole central Congo basin was under healthy ; but even here, with the exception of a few 
water ; others holding that the lake water has accumulated specially favoured localities, Euroixsans find it difficult to 
in a depression caused by subsidence. The former view maintain their health permanently. Opinions still differ 
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as to the possibility of the acclimatization of white men in 
Africa, some holding that acclimatization can only be the 
result of a gradual process extending through many 
generations, while others believe that with improved 
knowledge the diseases of Africa and other tropical 
countries can be successfully dealt with. (On this subject 
see article by Dr Sambon in Geographical Journal^ vol. 
xii. p. 589.) It is believed by the latter school that the 
malarial germs are propagated by the agency of mosc|uitos, 
and during 1899 the discovery of the particular species to 
which infection is due in West Africa was claimed to be made 
Meteon^ Major Ross. Hopes are entertained that suit- 
logioai uble measures may lead to its destruction. 

ObBervM^ During the last deoada of tlio 1 9th century a great 
tiottM. impetus was given to tlie record of metcorologictil 
data at stations in Central Africa, and our scanty knowlcd^ with 
respect to that region has already received important additions. 
The following tables summarize some of the latest results : — 


Government Station, Cameroon.^ 
Lat. 4” 2' N. Long. 9" 42' E. Alt. 40 feet. 
(Average for years 1894-98). 
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Rulalivo 


I- 


tii 

ill 

Mean 

iperat 

Mean da 
Range 

Bufiiidiiy 

Rainfal 

ms. 

of ra 
days 


< 

H 

7am 

2 r.M. 

o 

y, 

January 

29*815 

79-9 

• 

12*2 

96 

74 

•69 

4 

February . 

*812 

79-9 

12*4 

96 

72 

2 96 

7 

March 

•796 

79*2 

12*8 

95 

75 

8*46 

13 

April . 

*819 

79*2 

13*1 

93 

76 

8 00 

16 

May . 

•862 

78-4 

12*4 

95 

77 

11*72 

19 

June . 

•941 

76 -8 

10*3 

96 

82 

21*54 

21 

July . 

•967 

74-5 

7*9 

97 

87 

23-47 

26 

August 

•941 

74 -S 

8*6 

96 

86 

38*38 

28 

September . 

•914 

76-0 

9*9 

96 

84 

19*79 

23 

October 

•884 

76-3 

10*6 

96 

83 

14*45 

23 

November . 

•819 

78-3 

11*2 

95 

80 

6*68 

11 

December . 

•846 

79-0 

11*3 

96 

79 

2*44 

7 

Year 

29*867 

77-6 

11*1 

: 96 

79 

168*46 

198 


Mombasa 

Ijat. 4" 4' S. Long. 89** 42' E. Alt. 60 foot. 
(Average for years 1894-98). 
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Mean 
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Mean daily 
Range 

Relative 

1 Humidity 

9 am. 

1 

Rainfall 

1 No. of rainy 
days. 


IIIH 

• 

* 

% 
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Jaininry 

February 

29*802 

80*1 

7*7 

87 

•39 

2 

•817 

80*9 

7*5 

81 

•71 

2 

March . 

•816 

82*1 

7*7 

81 

1*89 

6 

April . 

•838 

81*1 

7*0 

82 

6 01 

9 

May 

•899 

80*1 

6*9 

87 

12*58 

13 

June . 

•926 

78*6 
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The first of these tables gives tlu* climatological phenomena at 
a station in the humid and equable region of the west ooiust. 
n»(5 dry season is reduced to aminiTmim, occurring at the time when 
the Ruii is at its greatest southward declination. The relative 
miimdity is high and the temperature shows small seasonal varia- 
tions. The second table, relating to a station on the eii.st 
coast, likowdso shows small variations of toraperaturc, but 
a relatively small rainfall, divided chiefly between two dis- 
tinct rainy seasons. The third, the much greater temperature 


Tins table is based on observations recorded in the Mitteilungen 
Deutschen Schutzgebieten ; the two following on those published 
the British Association Committee. 


variations at an inland station, at a considerable altitude and 
farther removed from the equator. The high rainfall is due 
to the influence of tlie mountains ; but though no month is really 
dry, the bulk of the rain falls between December and April. 
Observations for 1897 at Kibweri, an inland station m the drier 


Lauderdale, Mt. Mlanji, Nyasaland. 
Ut. 16" 2' S. Long. 36" 36' E. Alt. 2860 feet. 
(Average for years 1894-98). 
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parts of British East Africa (2" 26' S. ), at an elevation of 2990 
show a still greater daily taiige of temperature, the mean for the year 
being 28*6". The mean temperature for the year was 72 '5", and the 
rainfall (occurring chiefly in two rainy seasons, separated by a 
slioil relatively dry interval) 21 ‘61 inches. At Machakos, a station 
on the higher plateau (6400 feet), the mean temperature for 1 894 
was 66*2 (highest month 70*2, lowest 61*4), w'hilo a four yeais’ 
aveiage of the rainfall gives 30*98 inches. 

The vegetation of Airica follows very closely the distiibution of 
heat and moisture. The northern and southern temperate zones 
have a flora distinct from that ot the continent gener- Flora 
ally, the north corresponding with south Europe in 
this rcsiicct. The zones of minimum rainfall have a very w'anty 
(loia, consisting of jdants s]^>ocialized to lesist the great dryness 
The more humid regions have a richer vegetation — dense lorcst 
where the rainfall is greatest and variations of tomtierature least, 
eonditioiiH found ehiefly on the tropical coasts and in the west 
Afncan equatorial basin ; and savanna iiiterhiH^r.sed wuth trees on 
the greater part of the plateaux, ])asKing as the dest^rt regions are 
approached into a scrub vegetation consisting of thorny acacias, 
&c. Forests also occur on the humid slopes of mountain ranges 
up to a certain elevation. The dense forests of West Africa contain, 
in addition to a great variety of dicot^dcdoiiuus trees, two palms, 
the Elaeis (rutneensis and Haphia vini/era^ not found, generally 
speaking, in the savanna regions. In the latter, the must cliaiac 
teristic trees arc the baobab (//da?} srmia digitnta), Ilyplueuejialni, 
and Euphorbias. The higher mountains have a sjieeiat flora show- 
ing close agreement over wide intervals of space, as well as aflinitics 
with the mountain flora of the Eastern Mediterranean, the Hima 
layas, and Indo-China (cf. A. Eiigler, Ueber die Uochgebirgsftora 
des tropuehen Afnka, 1892). 

The fauna again shows the efleot of the characteristics of the 
vegetation The open savannas are the home of large ungulates, 
es|M*cially aiitelo))e8, the giraffe (peculiar to Africa), pmuna 
and four s^iecies of rhinoceros ; aiiu of caruivuies, such 
as the lion, leopard, hytriia, &c The elephant (though its ranpe 
has become restricted through the attacks of huiitem) is found both 
in the savannas and forest regions, the lattei being poor in large 
game, though the special habitat of the chimpanzee apd gorilla 
The camel — as a domestic animal — is especially cliaraettMistic of 
the northern deserts and steppes, while the ostncli thrives in most 
of the drier regions. The rivers in the tro])ical zone ahoiiiid with 
}ii]q>opotami and crocodiles, the former entirely confined to Afnca. 
The vast hcids of game, formerly so eharacf eristic of many parts 
of Afiica, have much diminished w’ith the increase of nitcrcouise 
witli the interior. Game reserves have, hoivcvcr, Iwcii cstiihli.shed 
ill South Africa, British Central Afiica, Biitisli East Afiica (2), 
Somaliland, &c., while measures fur the ]»rotcctioii of wihl animals 
were laid down in an international convention signed in May 1900. 

Of practical questions relating to the African fauna, one of the 
most important is that of the domestication of the Afncan elephant 
Although rarely used in modem tunes in any of the \arioiis ways 
in wdiicdi the Indian species is made* of service to man, it is known 
that the African 8|>ecies was tamed in ancient times. A suceevsful 
exiieriment in this direction has lately been made in Fieiich Congo, 
eleiihaiit has been used at the Feruaii Vaz 


where a young African elephant 
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mission for purposes of trans{)ort, while out of eight captured 
in Cameroon in 1900, three have been successfully tamed. The 
omploytiiont of Indian elephants in East Africa was tried without 
much success, both by the Belgian ex|)edition of 1879 under 
Captain Carter and by Count von Gutsoii in 1893. It is among 
the lowest subdivisions of the animal kingdom that the spcoies 
that most injiirioii'jly allwit the settlement of Africa occur. The 
devastation caused by hicusts need not bo dwelt upon, wiiile the 
question of the spread of malaria by means of niosquitos has already 
been referred to, Harrlly less detrimental by reason of the fatal 
effects of its bite on most domestic animals is the tsetse fly, an 
insect fortunately confined to Africa. Rescai'chcs are being made 
with a view to <liscuvering the way in which the poison acts, hut 
though It has hneii proved that the blood of lulectcd animals eon- 
tains a hietnato/ooii closely allied to the Tnjpanosovui present in 
the Surra disease of India, tlie endeavour to ]>iodiiee iminiitiity by 
inneiilatioii has so far failed, nor have any iiieaus of alleviating 
the disease been discovered (cf Pnjc, Jioy. Stjc. vol. l\iv.). 


Exploration. 

Thti last (juavtcr of tliti lOtli century saw the almost 
entire comidction of the bioad outlines of African goo- 
grajiby. This period has been in the main one of filling 
in of detail, the wide blank «j nice which jueviouslycKicupied 
the centre of the continent on our maiis having practically 
disappeared in 1877. A vi*iy luief reea[)itulation of the 
earlier stages of African exiiloration may be given bidore 
speaking of this later peiiod. 

After the Pjirttigucso voyages to tho East Iiiwl in tlio 15th cen- 
tury made known the whole coast dine of the continent, a certain 
- amount ol proi 4 rcss towaids .i knowledge of tho interior, 

p principally in Angola and the region of the Zambezi, 

was made, but with tln‘ decline of Portuguese jwwer 
at tho end of the lOth ceiitury a jMU'iod of stagnation ensnod, 
hrokeii only by Jesuit and Cajuichiii missiouary enterprise in 
Abyssinia and Ang^da, and by Kronuli and English trading ad- 
venture in Seiiogainbia. Tlie first great advance was due to the 
aotioii of the African Association (founded 1788), whose agents 
(Mungo Paik amongst them) made known tho geography of the 
Nigei region and of various paits of Not thorn Africa. About 1850 
began the groat series of )ouriieys, which in tho south, oast, and 
north first hlnsl certain liglit on tho geograjdiy of the inner regions 
of the continent -the discovoiy of the course of the Zambezi by Dr 
Livingstone ; of the great lakes of Eastern Africa and the source of 
tho mlo, by Burton, Speke, (Irant, uii<l Baker , and the researches 
of Dr Barth in tin* Central Sudan, being the principal results. 
Dr Livingstone's last great journey, commemed in 1866, began to 
lift the veil from the western half of tho c(|uatoual regions, hut, 
though loading to the discovery of an entirely new river system 
west of Lake Tanganyika, it was brought to a close by tho travel- 
ler’s death (1873) beloie the iiiiccrtaiiitios which attached to this 
new river Hyslcin were cleared up. With Livingstone’s death, and 
the universal iiiteirst aroused by tho storv ol liis labours, tho 
latest period of Afne.ui exidoratioii may bo said to liavo begun. 

In immediate connevum with Livingstone’s ivork was tho ex- 
podition of Lieutenant Cameron, who early in 1873 loft Zanzibar 
with the olyeet ol supporting tho ^rout explorer and 
cairying on indojieiKient geographical work. After 
liuriiiiig ol the death of Dr Livingstone, which occurred 
on 1st M.iy^ of that year, (Cameron continued his way 
to Lake Tanganyika by a new route, and afterwards 
elfocted the eiieuniuavigatiori of thogieater part ol tho 
lake, discovering its outlet tuwaixls the Congo on the 
tlien pMX'oedod to Nyaiigwe, the Ainh trading post 
on tho Liialaba or Ppper I'ongo, which liad been Livingstone’s 
farthest point on the gioat iiver , but tho difficulties in the way 
of a further exploration of its course jiroving iiisurmounlablo, 
Oameroii turned .south west through uii entirely unkiiowui region, 
and made his way across the soulhiu’n (kmgo basin to Bcnguela on 
the west coast. Prom his view of the Liialaha, wliicli had been at 
first thought hy Livingstone to l)el<)ug to the Nile basiu, Cameron 
concluded that it couhl is* mdlimg else than the upper course of 
tho Congo. Meanwhile Mi JI M. Stanley, wdio had oecome fanioiw 
for his relief of Dr Livingstone in 1871, starte»l again for East 
Africa os correspondent of the Jimitf Tt>lctirnph and New York 
Herald to attempt the solution of the chief remaining problems 
of Central African geography. His fust task was the thomugh 
examination of the Victoria ISTyan^a, wdneh had been held by some 
to consist of several indopeiideiit lakes, and wdiich he reached by a 
new, almost direct, route from Bagamoyo to its southern point 
After circumnavigating the lake and thus proving tho generid 
accuracy of its delineation hy its discoverer, Captain Speke, Stanley 

^ 4th, according to the inscription cut by his followers. 
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turned west to survey the Albert Nyanza, reaching what he sup- 
{losed to be a bay of that lake, situated under the equator, but 
which subsequently proved to belong to an independent piece of 
water. Compelled to desist from further attempts m this direction, 
Stanley turned south for Ujyi on Lake Tanganyika, which lake he 
circumnavigated, and then went west to sttock tho problem of the 
termination of the Lualaba. lie, too, encountered immense difii- 
oulties in the attempt to penetrate the trackless forests of the 
equatorial l^sin, but, building a fieet of canoes, succeeded in 
tracing tho river round its groat northern bend, until after a journey 
of 1600 miles he finally reached the known part of the Congo, near 
the west coast. In this great journey ho had to contend not only 
with natural difficulties, such as the furious cataracts by which the 
Congo is broken, but with tho oiqiosition of warlike cannibal tribes, 
through whose territoiy he had constantly to fight bis way. The 
result wa.s to bring to light a river system of hitherto unsusjiected 
magnitude, the Congo proving to be one of the ])rincipal rivers of 
tho globe not only in respect of volume and size of hasm, but also 
of length of eourso, in which resiwet it is second only to tho Nile 
among African rivers 

Tins great achievement heljiod still further to stimulate a 
general interest in Equatorial Africa, which had already had its 
outcome, since Livingstone’s death, in iiiuvemeiits 
destined to load to important resulK In 1878 Eauatorlml 
(lerniaii African Society was founded, and this body 
sot itself tho task of exploring the interior of Angola 
and other districts of West Africa. Tho success attained hardly 
eamo up to exiiectations, but m 1876 Dr Paul Pogge sueooeded iu 
reaching tho town of the negro potentate, the Muata Yanvo. In 
that year King Leopold of Belgium summoned to Brussels an 
international conference to t.ike measures for tlie systematic 
oiNuiing ui» of the continent. Tlie outcome was the inauguration ‘ 
of the International African Association with its headquarters in 
Brussels, while committees were iormod in the various European 
countries, the German society being reconstituted, and continuing 
to do good work in the srnithern Congo liaaiu. On the Congo 
itself Mr Stanley inaugurated a great undertaking on behalf of 
King IjOO|)old, which ended iu tho estahlishment of the Free 
State of the Congo in the basin of that river, and the exploration 
of Its various tiibutary sticams. Meanwhile the French hod 
already been exploring tho interior of their colony of the Gabun, 
the Ogowe having been exjilorod in 1875 and 1876 by Marche 
and De Oompiogne, and from 1875 by Pierre S. de Brazza, who, 
reaching tho upiier basin of that river, made bis way across the 
watershed to tne Congo iu 1880. Tho whole region between the 
Gabun ainl the Congo was in time exiilored by French officials, 
among whom J. do Brazza, brother of Pierre, wafi one of the first 
to jieiiotrate to the far north (1885). Soutli of the Congo the 
Portuguese wore likewise active, a great expedition being sent 
out in 1877 under Pinto, Capello, and Ivons, for the oxiiloration 
of the interior of Angola. The ra'.st-named made his way by the 
head-streams of the Kubango to the Upiior Zambezi, which he 
descended to the Victoria Falls, theiico proceeding south-east to 
Pretoria and Durban. Capello and Ivcns, after crossing the 
Upper Kwanza, confined tlicir altontioii to the south-west Congo 
basin, where they disproved the OMsteiico of Lake Aqiiilunda, 
which had figured on the maps of that region since the 16th 
century. Farther south, in the rogion of tlic Kimeno and 
Ovainpo, ^ood work was done in 1879 and folhmiug yeai's by a 
French missionary, Pere Diipuruiict. Following tho example set 
by Dr Pogge, the Germans Scliutt and Bucliiier added to the 
knowledge of tho Muata Yanvo’s empire, while Vou Mecliow 
explored the Kwango to about 5“ south. Tho most important 
results weie, however, obtained by Pogge and Wissmann, who 

i iasseil through previously unknown regions beyond Muata Yanvo’s 
dtjgdom, and rcae.beil the Upper Congo at Nyangwe, whence 
Wissmann made liis w'ay to the east coast. In 1884 Mr Arnot, 
>vho had reached Benguela from Natal by a route roughly the 
revcr.se of Pinto’s, started west and made his w-ay along the 
Z.smbezi-Congo watershed to (larcngan/e or Katanga. In 1884-85 
a German ex})o(lition under Wissmann solved tho most im]K)rtant 
geograjihical problem relating to the southern Congo basin by 
descending the Kasai, tho largest southern tributary, which, con- 
trary to expectation, proved to unite with the Kwango and other 
streams before joining the main river. Further additions to 
the knowledge of the Congo tributaries were made at the same 
time by Mr Grenfell, a Baptist missionary, who (accompanied in 
1885 by Von Francois) iiiaclo several voyage.s in the steamer 
Pcacef especially up the great Ubangi, uttimately proved to be 
the lower course of the Welle. Another German pxjiedition undei 
Kund and Tappenbeek also made discoveries north of tho Lowei 
Kasai. In 1885-87 an Austrian expedition under Dr south 
Lonz crossed Africa from west to east by tho Congo Ceatrm 
and Lakes Tanganyika and Nya.sa. Farther south AMea 
Capello and* Ivons in 1884-85 crossed the continent 
from Mossamedes to the mouth of the Zamliezi, breaking nev 
ground en route, esiiecially in tho borderlands between the Uppe: 
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Zambesd and Upper Congo. In the southem Zambezi basin and 
neighbouring (ustriots, the journeys of Holub, Selous, Montagu 
Kerr, Erskine, and others resulted in more acouiute knowledge, 
especially in Matabeleland and Mashonaland, while Portuguese 
ex^ditions under Paiva de Andrada explored the country south 
of the Lower Zambezi. 

On Nyasa, where a Scottish mission was established in 
1875 , Mr E. t). Young in 1876 for the first time I'eached the 
north end of the lake, provixm that it extended farther 
. ..-than had been supiwsod. Surveys were also carried 
® out by Mr James Stewart. In 1877 Messrs Elton 
Africa* dotterill opened a now route north of the lake to 

Ugogo. In East, as in west Africa, oi)erations were started by 
agents of the ]3elgian Association, but with less sucm'ss than on 
the Congo. The first new journey of importance on this side 
was made (1878>80) on behalf of the British African Explora- 
tion Committee by Mr Joseph Thomson, who alter tho death of his 
loader, Mr Keith Johnston, made his uray from the coast to tho 
north end of Nyasa, thence to 'J'angauvika, on both sides of 
which ho broke now ground, sighting the north end of l^ake 
Rukwa or Leopold on tho east. In 1880-84 a Cernian expedition 
under Keichard, Bohm, and Kaiser crossed Tanganyika, and ]jene- 
trated beyond the Upi)er Congo to Katanga, while in 1882-84 the 
French Lieutenant Ciroud pixieeeded by tho north of Nyasa to 
Lake Bangweulii, of which Iio made the first fairly correct map. 
Between Nyasa and tho coast usehil w^ork was done about this 
time by Mr H. E. 0*Neill, British consul at Mozambique, as well 
as by members of tho Universities mission, and a littlo later by 
Mr .T T. Last. North of tho Zaiizibar-Tanganyika route a large 
arm of new ground was opeiuMl in 1883-84 by Mr Joseph Thomson, 
Avho traversed the whole length of tho Masai country to Lako 
Baringo and the Victoria Nyauza, shedding tho first clear light on 
the gieat East African ntt- valley and iieighhouring highlands, 
including Mounts Kenya and Elgon. On tho" first part of his route 
ivo had been proeedod by tlic German Dr G. A. Fischer, who in a 
ficeoiul journoy biokc some new ground to tho south and west 
of the Masai country, traversing for the first time the coast 
districts east of the Victoria Nyaiiza (1885-86). A groat advance 
towards the north was made in 1887-89 by the Austrians Teleki 
and Von Ilolmel, who discovered the large Basso Norok, now known 
as Lako Rudolf, till then only vaguely indicated on tho maps 
as Sambuiu. 

Still farther north various attcmjils wore made between 1870 
and 1886 to explore the interior of Somaliland, tho princifial 
being those of iiaggenmacher (1874) and Kevoil 
(1870-84), but they met with only partial success. 
In 1885, however, the brothers James succeeded in 
making their way for the first time from Borbera to 
the VVebi Shcbeli. In Abyssinia and the Galla countries to tho 
south of it tho principal work was done by a band of Italian 
explorers, among whom tho names of Autiuuri, Aiitouelli, Bianchi, 
Cecehi, and Oliiariui most deserve mention. Many of tho exjKj- 
ditions were unfortunato, but valuable results were obtained hy 
Ceeclii and Chiariui, who penetrated the Gslla countrios to Kafia 
(1876-81). In 1881-83 Dr Steckor, and in 1886-87 Dr Traversi, 
c\I>Ioiod tho Lake Zuai region ; W'hile in 1882 a Dutch traveller, 
J. M. Schuver, pushed through unknowu districts south-west of 
Abvssinia beyond the Blue Nile. French travellers, among them 
M. Aubry (1883-85), also made their way to the Galla countues, 
whore a few years later a considerable advance was made by J. 
Borelli, w'ho reached a i>oint on the Omo farther south tliaii any 
of his predecessors. On the Ujiper Nile, where General Gordon 
and his lieutenants wore now waging war against official eoriup- 
lioii, and the op})Tossiou of tho slave traders, the chief geographical 
work was the survey of the course of tho river by Gordon and 
rnoiiihers of his stafl* ; the examination of the Albert Nyaiiza hy 
Uomolo Gossi and by Colonel Mason ; and, somow’hat later, various 
journeys of Eriiiii Pasha to the west of the lake. To the south 
oj Darfur the hounds of know'ledge w'<*re somewdiat extended by 
Colonel Purdy and by the Greek Dr Potagos, while on and 
beyond tlic Watershed to the south-west tlie work of Schweinfurth 
was continued by the Russian Dr iluiiker (1878-86), who pushed 
l.ir (iow'n tho Welle river, and by Fiank Lupton, governor of the 
Laiir-el-Glia/al province. 

In Noi-them Africa, embracing the Sahara and western Sudan, 
tin* pfiiod 1873-85 was not marked by many iinpoi'tant expedi- 
VoitA aatl the attention of explorers being direcU*d to the 

North- centml regions. That of Dr G, Nachtigal, w hich 

West throw valuablo light on tho region around TAke Chad, 
Africa. l>t‘t'n begun in 1869, though not completed till 

1 1874. Its later stages took the traveller through the 

a most unknown country of Wadai to the Nile. In 3873-74 
■ Gennan traveller, Dr G. Roblfs, undertook his secoml ex- 
i ^ the Libyan d**8ert, and in 1878-79 

pfiiietr.ited the latter as far as Kufra. A littlo later (1880-81) 
^®^th Africa from east to west was eflectod by the 
PS Matteucci and Massari, who, starting from Suakin, passed 
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through Wadai, and finally reached tho mouth of the Niger 
In the Sahara unsuccessful attempts were made to iieuctrate fioiii 
Algeria to Timbuktu in 1878-74 by Paul Solcillet, who only reached 
Insalab, and in 1874-76 by Victor l^argeau. In 1876-77 a Oennau 
traveller, Erwin von Bary, made his way to Rhat ami An, but 
was assassinated. A French exTicditiun under Colonel Flattcis 
met with a like disastrous fate m 1881. Faithcr west sueccbs 
was attained in 1880 hy a German tiavellei, Dr Lenz, who stall- 
ing from Morocco niatio his way across tlio Wehtcin Balmia, m 
part by a new route, to Timbuktu. Moiooco itself was, a year oi 
two later (1883-84), the scene of inujortant cxploiatnms by AL de 
Foucaold, a French traveller, wdio, disguised as a .liwv, cr(is.srd 
and re-crossed tho Atlas, and 8U]iplie<l the first tiubtw'oilhy in- 
formation as to the orography ol many ]>art8 of the chain*. In 
Seuegambia, where the iiolitical expansion inaugurated by C^eiioial 
Faidhorbo w'as continued under Desbordes and Galhoni, additions 
were gradually made to geographical knowledge. An uubucccsstul 
attempt to 1 ‘each Timbuktu and Algeria from tliis side was made 
lu 1878-79 by Soleillet, and it w^as nut till 1887 that the former 
was reached by Lieutenant Caron, who navigated tho ITpjirr 
Niger in a gunboat. Tho source of tho river had been reached 
111 1879 by MM. Zweifel and M on stior, agents of a comiiiereial 
house at Sierra Leone. Behind the Gold Coast, where Kumasi, 
the capital of Ashanti, had long been the limit of Euro]}cau 
knowledge, the first step forward was made by Bonuat, who 
ascending the Volta readied tho luijiortant mart of Salaga 
(1876-76). In 1882 Cantain Lonsdale went farthei, visiting 
Yendi and Bontuku, while two years later Captain Kirby iiia<3e 
his way to Kintampo. On the Middle and Lowrer Niger no giuat 
advance was made during this jiernd ; but on its eastern biaiich, 
tho Benue, good work was done hy E. R. Flogel, who charted the 
river in 1879 during a voyage in the inisbionary steamer Henry 
Venn, and in 1882-83 penetiated almost to its source during an 
overiaud jouniey in Eastern Adaniawa. 

A])ait from tho Freiieh operations in the Sahara, Seuegambia, 
and the Ogowo region, most ol tho journeys had hitherto been 
iudeneudent of political motives, few territorial claims having 
yet Wn made by European nations, ifiom about 1886 onwanls 
exploration was largely coiinec^ted with the exteiihion of }>olitiral 
iniluence over African territory, inaugurated in 1881 by the 
annexations of Germany, ami regulated by the enactments of the 
Berlin Conference of 1884-85, and by subsequent international 
agreements. The future course of exploration can best be 
followed by taking m turn the work done in tho difierent 
spheres by Euroi)e4in Powers. One great expedition, however, 
not exclusively connected with any one sphere, must be first 
s])oken of, viz., the Emin Pasha relief expedition 
under II. M. Stanley, which set out in 1887 by way p * 
of the Congo to carry su^qdies to the governor of the 
old Egyptian Equatorial province. The route lay up ® , 

the Aruwimi, tho principal tributary of the Congo 
from the nortli-east, by winch the expetiition made its 
w'ay, encountering immense difficulties, through the great Etiuatoiial 
forest, the character and extent of whicli WTie thus for tlie first 
time brought to liglit. The ictiirn W'us ma<le to tlic east coast, 
and resulted in the discovery of the great siK>wy range of Riiwcii- 
zon or Riuisoro, and the confirmation of the existence of a third 
Nile lake discharging its w’aters into tliC Albert Nyunza by the 
Somliki river. A furtlicr discovery was that of a large bay, hitlierto 
unsuspected, forming the south-west (oriiei of llio Vh-toria 
Nyanza 

In the paitition of the continent among Eiirojteau nations, 
attention was first directed to "West Africa, wheic the activity of 
tho International Association and of Fiance was . 
imickly followed (1884) by tlio appiopriation by 
Oeniiany of tlie chief of tho previously unclaimed strips of 
coast. In one of these — Cameroon — the unknown interior 
had till then hceu contiguous with tho coast -lino, but Goiinau 
travollcrs K04)n began to thiow back its limits. Through tlie 
labours of Ziiitgialf (1887-81)), Kund (1887-S8\ Morgen (]88i»-90), 
the river systems of the Sanaga and Ny4>ng were hronglit to 
light, and a connexion elfected with tlie Benue and Adaiuaua in 
the north. Other travellers — A’on Stetton, Koniau, Ramsay, &c. 
— sup}>lemciitcd their wnirk, while Von Ueclitiitz and Passargo 
explored scientifically the region of llie Benue (1894\ 'Jhc 
eiistern borders of tho territory wcio first exploied in 1897-98 by 
A^on Carnal), and later (1898 90), from the side of tho preacA 

Congo, by Pleyn. In the adioining Fi encli teriitoiy, Conao. 

tho Sanga, ono of the ])riiicipal northern tiibiitaiies 
of the Congo, was e\j»lored in 1890-92 by Cholet, l*onel, Foiirneau, 
and others, and was reat-hed from the north by Mi/on, who diew 
the first lino of eommiinication betw^t en the Benue and the Congo 
(1890-92). Ill 1890 Paul Crainpel, who in the jirexious year had 
explored north of the Ogowe, undertook a great exiieditioii from 
the tJbangi to tho Shari, but was attacked and killed, w’ith 
several of his companions, on the hordeis of Bagirini. M. 
Dybowski, who commanded a supporting expedition, i cached the 
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Gribingl, a prmci{)al branch of the Shari. He was followed in 
1892-93 by Maistre, who, reaching the Oribiugi by a more westerly 
route, {Missed westward to the Benue. In 1894 Clozel reached the 
Worn, a south-western feeder of the Shari, which last was reached 
in 1896 by Gentil, who for the hist time launched a steamer on 
Its waters, and imshed on to Lake Cliad, the ultimate objective of 
the French for iiiaiiy years. Further exploration m the Shari 
basin was otfectod in 1898-99 by Bclmglo Farther cast, towards 
the Nile watersheci explored first by Junker and others from the 
not til, the pioneers from the south wore Belgian officers, who 
wont nortli fiom the Congo Isdoic the French teiritoiial claims 
W'cre fully acknowledged 'i'hus Haiiolct reached Dar Ruiiga, 
south of Wad.ii, while Nilis and Do la Kcthiille made their w^ay 
(1894) to the borders of Darfur. Suhscqueiitly Fieiich agents also 
pushed towards the Nile hasin. lu 1890-97 Liotard and Cureau 
reached the western borders ol the Bahr-ol-Glia/al, while Marchaud 
led a large militaiy expedition through the heart of the province, 
reaching Fashofla on the Nile oaily in 1898, aiul completing the 
crossing of the continent through Abyssinia to the east coast. 
Finally, in the west of the French torn lory, a journey from the 
Saiigii to the cn;ist was accumfilished by Fourncau in 1898-99. 

Koeeut exploration in the Congo State has been cairied out almost 
entirely by Belgian oflieers After the identity of the Welle wuth 
the (Jhangi had been finally ascertained, and its coarse 
surveyed (1887-88) by Varigelcj, the up|ior basin of the 
river was traversed in all directions by Van Rerkhuven 
and his subordinates (1891-93), and latiu by Chaltiii and otheis. 
Various southern tributaiies of the Congo were navigated by 
Dcleoramime in 1888-89, paitieularly the Lukenyo and the Boloko 
or Loniaine. In 1 890-9 J iinportanl expeditions traversed the 
south-east Congo basin hy uvciland loiites to Garongaiize, under 
Le Marine], Delcoiinnune, and lUa, the second of whom reached 
Tanganyika, and explored the course of the Lukuga In 1896-97 
the two main upper hraiiehes of the Congo and the country 
between thiun weie surveyed by Lieutenants Brasseur and Gerckel, 
and in 1898 the southern borders of tlie great Equatorial forest on 
the eastciu verge of the Congo basin were traversed by Lioutciiant 
Gloi 10 . 

Ill Geniiau South- We.sfc Afru'a journeys wore made, after the 
auneYalion of the teriilory, by Suheiick, Schinx, Fleck, Pfoil, 
Frain;oi8, Dove, and others, who added to the knowledge 
of the wesloiii Kalahari as well as of the distiiets nearer 
the coast. In British South Africa Selous and Holub 
continued their explorations, while in 1895-96 the whole 
eoiintry botweem the Uj»per Zambezi and the Kafukwe 
was explored hy Captain (now Major) Gibbons, Mr. Reid, 
and Captain Bertrand. More recently (1898-1900), Majoi Gibbous, 
assisted hy Captains Qiiicko, Hamilton, and others, explored the 
gorges of the Middle Zambezi, as well as the w'hole upper basin 
of the river The region of Lake Ngaiin and the Okavango wa.s 
explored and its geology elucidated in 1896-97 by Dr Bassarge. 
On the cast the boundary with i^ortugucso territory was surveyed 
in 1892 by a mixed eominission, on which the British representative 
was Major Lcveison. West of Lake Nyasa exploiatious were made 
in 1889 and 1890 by Alfred Sharpe, who iii the latter ycai crossed 
the Loaugwa and ascended the Mchinga escarpment ; iii 1890-91 
hy Josepii Thomson, wlio crossed the jdateau beyond that escarp- 
ment to the neigh hum hood of Lake Bangweulu, making a wide 
circuit to the west and south on the return journey , and more 
recently by Foa, Woise, Moloney, Codriiigton, and others. Lake 
Rtikwa, in Germau territory, iioi’tli ol Nyasa, was visited from the 
south in 1889 by II H. Johnston and Kerr Cross ; in 1894 by 
W. H. Nutt, who made his nay from the west across the Fqia 
]>latoau ; and in 1897 hy lu. A. Wallace, who made the first com- 
plete circuit of the lake. The fact of a diminution of its area had 
already been ascertained by Gerinaii travellers from the north. 
Farther west Lake Mweru, Garongaiize, and the Luapula were 
explored in 1890 and 1892 by Alfred Sharpe, while Lake Bang- 
weulu and the Luapula were carefully surveyed lu 1895-96 and 
1898 99 by Poulett Weatlierley. A journey made in 1898 hy Mr 
(Campbell, a missiunui v, fiom Garengaiue to Blantyrc by the south 
of Baiigweulu, also desei ves Tueiitiou. 

In the southern districts of Gertnau East Africa, the up{>er basin 
of the Ruiiji was exjdorod iii 1886 hy Count Pfoil, and the country 
between that nvei and the Rovuiiia in 1893-94 by Von 
aormna ,Sohcle and Riiinsay 'Plio liilly districts north of Nvasa 

AM have been examineil by various travellers, including 

Amea, Bombard t, who in 1896 discovered there consido- 

iihlo deposits of coal. Farther north the jiarts between the coast 
itnd Tanganyika have been survnyeci hy Piince, Ramsay, and others. 
Towards the north of the German sphere throe important journeys 
were made across the whole w'ldth of the territory within a few years 
of its final acquisition. In 1891 Kmin Pasha, accom|>anied by Dr 
Stuhlmann, made his way south of the Victoria Nyanza to the 
western Nile lakes, visiting for the first lime the southern and 
western shores of Lake Albert Edwai*d. In the same year Dr O. 
Baumann, who had already done good work in Usambara, near the 
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coast, started on a more extended journey through the region of 
steppes between Kiliixiamaro and the Victoria Take, afterwards, 
visiting the latter and exploring the head-streams of the Kagera, ita 
chief feeder. In the steppe re^on above alluded to he discovered 
two new lakes, Manyara and Eiassi, occupying parts of the East 
African valley system. This region w'as again traversed in 1893> 
94 by Count voii Qotzen, who passed to the south of Manyara, 
ascending Mount Gurui in its neighbourhood, and thence coutinu' 
ing his route westwards to Lake Eivu, north of Tanganyika, which, 
though hoard of by Speke over thirty years before, had never yet 
been visited. Ho also reached for tho first time the lino of volcanic 
{Kiaks north of Kivu, one of which he ascended, afterwards crossing^ 
the great Equatorial forest by a new route to tho Congo and the 
west coast The region of the upper Kagera and Lake Kivu boa 
since heemfurther explored, especially by the Germans Von Trotlia, 
Ramsay, Bethe, Kaudt, ana Von Boringe, and the English- 
men Grogan and Moore, the first accurate survey of the lake ^ing, 
made by Kandt (1898-99). East of tho Victoria Nyanza good 
work has been done by the zoologist Neumann, and by Yon 
Trotha, Werthor, Kaiser, and otliers. The exploration of Mount 
Kilimanjaro has been the s|)ecial work of Dr Hans Meyer. 

In British East Africa tho Tana river districts, as far as the 
slopes of Mount Konya, were 6X{)lured in 1889-91 by Pigott, Dundas, 
Ilubicy, Ac., and the Juba in 1891 hy Dundas. The 
i-ailway survey in 1892 under Macdonald gave an iiii- 
provoif basis for tho mapping of the country on the line 
of route, while Captain J^ugard traversed the whole 
territory to Lakes Albert Edward and Albert in 1891-92. 
scienlilic Avork was done in 1893 by Dr Gregory, who ascended 
Mount Konya to a height of 16,000 feet, while tho countiy cast 
and north of the mountain was explored between 1892 and 1896 
by Chaiilcr and Von Hohiiel, A. H Neumann, and Kolb, tho last- 
named reaching a point only a few hundred feet below the summit 
In 1893-94 Mr Scott Elliot reached Ruweiizori byway of Uganda, 
letu ruing hy Tanganyika and Nyasa, and in 1896 Mr Iloblev made- 
tho eii’cuit ol the great mouutaiu Elgon, north-east of tho Victoria 
Nyanza. Dunug tho pacification of Uganda various surveys were 
executed by Britisli ofneers. Lake Choga on tho Nile between the 
Victoria and Albert lakes was explored in 1898 by Captain Kirk- 
mtnek, a member of Colonel Macdonald’s expedition, while the 
leader hiiiiHelf advanced north-west from Mount Elgon to the 
i.4ituka countiy, and Captain Austin went north to Lake Rudolf 
and tho Omo. In 1800 Mount Kenya was ascended to its summit 
by a party including Mr H. J. Mackinder. Lastly, in the region 
of the Lower Juba, explorations wore made in 1896-96 hy Mr C, 
II. Craufurd, and in 1899 by Mr A. C. M'". Jcniior and Dr W. 
Hadfonl 
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111 the peninsula of Somaliland, Ac., a ]>onod of rapid advance, 
due chielly to Italian activity, began about 1 890, when Brichetti- 
Roliecclii made a jouruoy along tho eastern coast from 
Obbia to beyond Cape Giiaiaafui. In the following . Qslln 
year he Aveut from Mukdislm to Obbia, and thence - ® 
crossed through Ogaden to Bcrhera on the Gulf of 
Aden. In the same year Prince Ruspoli made his first journey 
southAvarcls fi'om Berhora, while Baudi and Candeo penetrated to* 
Ime on the Upjior Webi, whiidi jilaoe was also reached in 1893 by 
Captain SAvayne. In 1892 Botiego and Grixoni loft Borbera and 
made their way j>ust Ime to the Upper Juba, which Bottego explored 
to its source, both travellers ftnany making their way vid Logh to 
the oast coast. Prince Ruspoli in 1893 reached Logli from the 
north, and, procooding north-west in scareli of tho Omo, discovered 
tho Sagan and Lake Abbaya, but was aftciwards killed by an 
elephant. The next expedition w'as that of Dr Donaldson Smith, 
who, starting from Bcrhera in 1894, explored the hcad-sti'eams of 
the Wehi, and made his way to the region of Lakes Abbaya, 
Stefanie, and Rudolf, ascending the main feeder of tho last-named 
among the mountains to the north He eventually reached the 
east coast at Lamu by the east of Tjake Rudolf. In 1895 Bottego, 
accompanied by Saechi, Vannutelli, and Citomi, loft Brava with 
the purpose of finally solving the iirobleiii of tho Omo, which some 
had considered unconnected witli Lake Rudolf. Beyond Lake 
Abbaya he canio upon a larger lake to the north (Pagade or 
Marghorita) and puslicd west througli mountainous country to tho 
Omo, Avhich he succeeded in tracing to liako Rudolf. After ex- 
jdoring tho Avest shore of tliat lake the ex]>loreTs wont north-west 
and discovered the head-streams of the Subat, afterwards ascending 
to the Abyssinian highlands, whore the leader lost his life during 
an attack by the natives. An English exjieditioii under H. S. 
Cavendish (1896-97) followed somewhat in Bottego’s steps, but 
after reaching the south end of Lake; Rudolf went south, disoovor- 
ing a now lake in a volcanic region between Rudolf aud Baringo. 
In 1897 the French traveller, De Bonchauips, traversed the southern* 
honlerlands of Abyssinia and further explored tho head-streams of 
the Sobaty^nd about the same time his compatriot, M. Darragon, 
went south near the chain of lakes ending in Abbaya. Captain 
Wellby, previously known as a Tibetan explorer, took a somewhat 
similar route south in 1898-99, but pushed on to Lake Rudolf, 
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«nd orossed a previously unexplored tract between the lake and 
the Lower Sobat. In 1899 Blundell* Lovat* &o.p traversed the dis> 
triots south of tlie Blue Nile, while Donaldson Smith crossed from 
Berbera to the Nile by Lake Rudolf in 1899-1900. 

In North Africa the last decade of the 19th century was 
not marked by great activity. The Sahara was crossed in 1892 
from Lake Chad to Tripoli during the latter part of 
North Montoirs journey (to be spoken of later) ; but in spite of 
AMgm, persevering efforts or the French to open a route 

from Algeria to the Sudan success was not attained until 1899, 
when M. Fouroau, who year after year liad returned to the task, 
succeeded in reaching Zinder, afterwards joining (lontil south of 
Lake Chad and returning by the Congo. In tlie Algerian Sahara 
surveys have been exccutod, partly in connexion with political 
movements, by Flamand, Germain, Laperrine, &o. In Southern 
Morocco the Tafilet oasis was reached in 1893 by a new route 
across the Atlas by W. B. Ilarria. In the western Sahara, the 
attempts of the S^iauiardH and French to penetrate inland met 
with little success until Adrar was reached (1900) by Blanchet. 

In tlie western Sudan the same period was one of great activity 
fiom the Senegal to the Lower Niger and Lake Chad. In 1887-89 
Captain Binger made a groat journey through the 
French Mandingo countries to Kong, and thence, after a tour 
^ ijjjQ north-cast as far as Wagadumi, to the coast of 
AMcm. Guinea. In 1890-92 Mon teil made iiia way east across 
the bend of the Niger to Say, and thence to Lake Chad and 
Ti'iiioli. After the French occupation of Timbuktu surveys in that 
region were executed by Lieutenants Hourst, Bluzet, Ac., and a 
system of lakes communicating with the Niger was disclosed. After 



the conquest of Dahomey, Say was reached from that side in' 1895 
by Dectriir and Toutco, both of whom added to our knowledge of 
the Middle Niger, but more important results weie obtained by 
Ibiuist, who, leaving Timbuktu in January 189(5, descended the 
nvt-r to the sea in sju'te of the dangerous ra])id8. The southern 
jijirts of the FreiKih Sudan have since been traversed by Baud, 
Alby, Urctoiiiiet, and others, and the interior of the Ivory Coast 
and jiarts of Tuboria by Marchaiid, Hostains, Bloiidiaiix, Ac. 
Kast of the Middle Niger the ex{)editionR of Cazemajou, and of 
Voulet and Cliaiiome, have had disastrous results. 

In the British colonics, in addition to the work of various bound- 
aiy cnnimissions, tlie Gold Coast HitUerland lias been penetrated 
British and Gambaga and Mosi. The Germans have 

German great activity in the adjoining Togoland terri- 

West intiirior being explored (1887-93) by Wolf, 

Africa. Francois, Kling, Buttiicr, and others, wdiile in 

1894-95 Drs Gnuier and Doering jUKshed north (siinnl- 
tuneously with the French expedition of Dec(eur) tliruugh Gumia 
to Say, returning through Borgii, visited shortly before by Carttain 
l jugard on behalf of the British Niger Company. East of the Niger 
llu* Benue and districts on each side have been surveyed by 
Macdonald (1890), and more recently by Clive, Moseley, Howby, &c. 

1 raus-coiitiuental journeys not yet spoken of ineludo those of 
Versopuy and Do Romans, 1895-96 ’(Uganda, lake Albert Edward, 
Transmcon^ forest, Congo) ; A. B. Lloyd, a missionary, 

tinental somewhat similar route) ; Foa, 1897 

iourneys. Tanganyika, Congo) ; and Grogan, 1899- 

* 1900 (Zambezi, central lino of lakes, Nile). By the 

ast-nanicd the whole length of the coiitiiieiit from end to end was 
first time traversed. 

ihe area ol land accurately mapped in Africa is j»robably less 
uui in any other continent. Although few extensive districts • 
Pepping >*®nmin of which the general features are not now known, 
ot Africa. cartography of by far tlio greater imrt of the coiiti- 
j IS based merely on route surveys, carried out 

journeys, which leave out of considera- 
I ttio intervening stretches of country. Such route surveys arc 


to a certain extent supplemented by astronomical observations, 
which may give fairly correct latitudes, but which are raivly to bo 
trusted as determining longitudes with close accuracy. 

The countries in wdiieh exact tojiographioal work by means of 
triangulation has been executed are very few, being limited tii 
Algeria and Tunis ; i>arts of Egypt and the Italian ^ 
sphere on the Red Sea ; the greater part of Cape Colony, 
aud some portions of Natal and Britisli South Africa. 

Even the results of these sui veys have not yet been piiblislu d 
in full as maps. In Egypt a survey de|)artmcnt has lately bem 
formed, and triangulation is })roecediiig at a sutisfactoiy latc. 
The geodetic survey of Cape Colony is now being extended over 
British South Africa, work having been Is'giin in 1897. It is 
hoped to carry the triangulation northwards along the 30th men- 
dian to Lake Tanganyika, and thenco with German co-(q)ciatio]i 
to the Nile, and eventually down tliat iivcr to Kgyjtt. In Equa- 
torial Africa the most arciirato and most valuable tiiangulution 
yet carried out is that of Captain G. E. Smith, K.E., who, while en- 
gaged in road-making in Biitisli East Afiiea, executed a survey 
between the ooost anil tho Victoria Nyanza, extending from Mounts 
Kilimanjaro and Mom in the south to Kenya and Elgon in the 
north. In addition to these tnangnlatod areas fairly accurate 
surveys have been executed along certain lines, such as intornatioiiul 
bounaaries and the tracks of railways. Among the fonnci are the 
Anglo-German boundaries in East Africa from the coast to 
Kilimanjaro and on the Nyasa-Tanganyika plateau ; the region of 
the Anglo - rortugiicsc boundary in South-East Africa; and the 
Anglo Frcneli boundary behind Sierra Leone , w hile the- most 
extensive railway survey, apart from the older colouies, is that 
from the east coast to the V ictoria Nyanza. 

Tlie mapping of other ]»arts of tlio continent on the basis of 
route surveys and astronomical observations is of very varying 
quality. Of large-scale ma]j8 of separate European ^ 
]>osses8ions the best have been siqiplied by the Germans, 
who have undei taken a complete map of (ileiman Last 
Africa oil ihe scale of Tnji/jnjxi.* The southein part of 
Togoland has been inaii]»ed by P. Sprigadc on the stale surveys. 

^oo'ooTii and the northern, wulh adjoining areas, on that of 
Maps of all tho German })osseK8ions on the scale of are 

given in Laiighans* Colonial Atlas, and the wliole aiea of the ('oiigo 
State has been shown on the same scale by M. Waiitcis in the 
' Afouvemstit Gt'otfraphiqve. Tho best maps dealing with the w hole 
continent are those of tho French “Service gcogrujjiiqno do 
I’armee,*' on the scale of : and of Habemcht, issued by 

the German firm of Peithes, on that of TTiuivno* A movement 
for the better mapping of Africa w^as si't on foot in 1895 . 
by General E. F. Cliapnian, who brought tho subject 
before tho International Geogiapbical (’ongi’css, which nods. 
met that year in London. It was suggested that good results 
would follow from tho mapping by travellers of areas rather than 
routes, and from the accurate detenuination of certain points in 
the unsurveyed portions to form a fiaiiicwork for the whole, h'or 
the latter object the numerous lines of telegraph now being laid 
down will afford great facilities, and something has already been 
done towards obtaining aeciiiatc longitudes by sneh means. The 
following were determined iii this way in 1898-99 :~ 
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TkaBE and (.’OMMUNK^ATIDNS. 

Ajiart from tho north and south tenqierate regions 
tho commercial intercourse of Africa wdtli tlio lost of tho 
world has, for tho sizo of tho ooiitineiit, lomainod 
until tho present day of quite insignificant jiro- isolation. 
portions. In addition to slaves, which have 
lieon furnished Ly tho coiitiiuuit from tho earliest times, a 
certain amount of gold and ivory has long hocii exported 
from the tropical regions, but no other jirodiict has 
supplied tho matt*rial for a flourishing trade witli those 

* Tho first accurate large-scale map of East Afiica os a whole was 
compiled by Mr llaveuBtein for tho KGS. (1882). 
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X>arts. This was due not so much to the poverty of the 
country in natural resources, as to special circumstances 
which likewise caused so large a part of the continent 
to remain a terra incognita down to the 19th cen- 
tury. The ])rinci 2 »al drawbacks may be summarized as : — 

(1) Absence of mc»ans of communication with the interior ; 

(2) the unhealthiness of the coast lands ; (3) the small 
productive activity of the natives ; (4) the effects of the 
dave trade in discouraging legitimate commerce. Of 
these tlie first anrl last are not necessarily iMirmanent, 
while the tliird can l)t» mined ied by the introduction of 
Europeans as supervisors, and possibly of other mces as 
iabourers. 


[pRODtrCTS 

The resources of Africa may bo considered under the 
head of — (1) jungle jiroducts ; (2) cultivated products; 

(3) animal products; (4) minerals. Of the 
first-named the most important are india-rubber 
and jialm-oil, which in tropical Africa supply by far the 
largcjst items in the export list. The rubber-producing 
})lants are found throughout the whole tropical 
l)elt, and the most important are creepers of the 
order A/wc?/?wM?ea?, especially various Rj>ecies of 
Landolphia (with which genus VaJi^ea is now united). 
In East Africa LandoIjMa kirkii (Dyer) supplies by far 
the largest amount, though at least four other species 
are known. Forms of aj)]>aivntly wider distribution are 
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L, heudelotiij which is found in the Ilahr-el-Ohcizal, and 
extends right across the contiinmt to Sencganibia ; and L. 
(formerly Vahea) wliich, including its \aricty 

A. Jhritht, has tlu* widc.^t distribution of all the sjtccies, 
occurring in Upper and Lower Oninea, the whole of 
Central Africa, the east coast, the Comoro Islands and 
Madagascar. In Lagos and Cameroon much rubl»er is 
produced by a large ai»ocynaceons tree, Kickrfn africamx^ 
and iu West Africa geneially by various sjujcii's of FienSy 
some jiromising sjiecies of which ai*e also found in East 
Africa. The rubiKjr produced is somewhat inferior to that 
of South America, but this is largely due to careless 
methods of preimration. The great destruction of vines 
brought al)Out by native methods of collection has already 
much reduced the supply in some districts, and renders it 


precarious oveiyw}u*re, unless some means arc taken to 
cultivate the rubber -yielding )>lants. This has already 
been attempted in Cameroon and elsewhere. Experi- 
ments have b(»on madt* in the introduction of South 
American rubber jilants, but opinions dificr as to the 
prosjx*cts of success, as the plants in question seem to 
demand vcTy definite contlitious of soil and climate. For 
cultivation the Ficua indica is said to be a favourable tree, 
but possibly some endoiiiic species of Ficus iniglit jirove 
ctjnally valuable. The second i»ro(luct, ])alm-oil, is at 
present derived from a innch more limited area, for 
although the oil- j)alm is found throughout the greater 
I)art of West Afnca, from lO** N. to 10” 8., the great bulk 
of the exy)ort comes from the coast districts at the head of 
the Gulf of Guinea. A larger supply would certainly be 
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available, but with the risk of ovef-production and lower 
prices it is doubtful whether an increased export would 
be profitable. A third valuable product, but one which 
has not yet been made use of as it might be, is the timber 
supplied by the forest regions, principally in West Africa. 
It includes African teak or oak {Oldjieldia qfricaiui), 
excellent for shipbuilding ; the durable odum of the Gold 
Coast {CtdoropJvora excelisa)\ African mahogany {Khaya 
ienegcdensu)*, ebony {Diospyros ehenvmi) ; camwood {Baphm 
nitvdd) ; and many other ornamental and dye woods. 
Some development of the timber industry has lately takcm 
place on the Gold Coast, whence timber was exported in 
1898 to the value of JBI 10,000. Valmible timber grows 
too in South Africa, including the yellow wood {Podo- 
carpus\ stinkwood {Ocotea\ sneezewood or Caiie elK>ny 
{Evdea\ and ironwood. Other vegetable products of im> 
portance are : — Gum arabic, obtained fn^m various si)ecies 
of acacia (especially A. Senegal), the chief supplies of which 
are obtained from Senoganibia and the stepjKi rcjgions of 
North Africa; gum eoj)al, a valuable resin produced by 
trees of the leguminous order, the best, known as Zanzibar 
or Mozambique copal, coming from the East African 
Trachylobiwni h/ynwnvannuinwni, and also found in a fossil 
state under the soil ; kola nuts, produced chiefly in the 
coast lands of Ui>iier Guinea by a tree of the order 
Stemdiacem {Kola acuminata) ; archil or orchilla, a dye- 
yielding lichen ( iincUn'ui and tmcifomiis) growing 
on trees and rocks in East Africa, the Congo basin, <kc. , 
cork, the bark of the cork oak, which flourishes in Algeria ; 
and alfa, a grass used in paper manufacture {MachroMoa 
(enarissima), growing in gn?ab abundance on the dry 
stp])pes of Algeria, Tiipoli, tkc. A product to which 
attention has been paid of late in Angola is the Almeidina 
gum or resin, derived from the juice of EvpJu'trhia tiinvcaUi, 

Mile cultivated products include those of the tropical 
and warm temperate zones. Of the former, cofleo is p(»r- 
haps the most valuable indigenous jilant. It 
^mduetB^ grows wild in many parts, the home of one 
s])ccies being in the Galla countries south of 
Abyssinia, and of another in Liberia. Cultivation is, 
however, necessary to ensure the best results, and attention 
has of late years been given to this in various European 
colonics. h'rom Angola the exjiort in 1897 reached a 
value of XI 75,000, but of this a large proportion w’as the 
produce of wild trees. Still more is this the case with the 
exports from llarrar and Abyssinia, the amount of which 
passing through the ports of llritish Somaliland reached a 
total of XI 19,000 worth in 1898-99. Encoumging results 
have been obtained in Nyasaland, Tvhich in 1898 ex^xirted 
coffee to the value of over X23,000, although the planta- 
tions are still in their infancy, riantations have ale»o been 
started in German East Africa, Camenxin, the Congo Free 
State, &c. 

Copra, the jiroduce of the cocoa-nut palm, is supplied 
chiefly by Zanzibar and neighbouring parts of the east 
coast. Ground nuts, produced by the leguminous plant 
Ar€u:his hypogeea, are grown chiefly in West Africa, and 
the largest ex^iort is from Senegal and the Gambia ; while 
l^ambarra ground-nuts ( VmmhcAa suhterni'nea) are very 
generally cultivated from Guinea to Natal. Cloves are 
extensively grown on Zanzibar and Pemba islands, of 
which they are the staple ])r(Mlucts. The chief drawbacks 
to the industry are the fluctuations ()f the yield of the 
trees, and the risk of over-jiroduction in good seasons. 
Cotton, which grows wild in many ])arts of tropical Africa, 
is exiwted in small quantities in the raw state from 
Angola and elsewhere; but the main export is from Egypt, 
which comes third among the world^s sources of supply of 
the article. Sugar, which is the staple crop of Mauritius, 
and in a lesser degree of lltiuniou, is also produced in 


Natal, Egypt, and, to a certain extent, in Mozambique. 
Dates are grown in Tunis and the Saharan oases, especially 
Tafilet ; maize in Egypt, South Africa, and parts of the 
tropical zone ; wheat in Egypt, Alg(;ria, and the higher 
regions of Abyssinia; rice in Madagascar. Wine is 
largely exported from Algeria, and in a much smaller 
quantity from Cape Colony; fruit and vegcjtables from 
Algeria. Tobacco is widely grown, on a small scale, but, 
except i»erhaps from Algeria, has not y(*t l)ecome an 
iiiqx)rtant article of exijort, though ex]>eriinental planta- 
tions have Ixjen tried in various trojneal colonies. Cacao 
and tt‘a have also been tried in some of these, but their 
cultivation has hardly advanced beyond the experi- 
mental stage. The most promising cacao ])lantations are 
along the coast of (Cameroon, whence the product was 
cx^iorted in 1898 to the value of XI 5,000. Indigo, 
though not originally an African product, has become 
naturalized and grows wild in many i)arts, while it is 
also cultivated on a small scale, but is not likely to 
become an important article of export. The main difti- 
ciilty in the way of tr()pical cultivation is the labour 
question ; but some races, such a^ the Angoni of Nyasa- 
land, have proved gorxl w'orkers, wdiile the introduction of 
Indian coolies is regarded in some quarters as the solution 
of the difliculty. 

For the study of economic botany, and the develo]»ment 
of tropical cultivation, botanical gaidens hav(» been estab- 
lished in many of the European possessions, including the 
Gobi Coast, Lagos, Sierra I.<eone, Old Calabar, Cameroon, 
fkitish CUmtral Africa, Uganda, and German East Afric*a. 

Of animal products one of the inf>st important at 
jiresent is ivory, the largest export of which is from the 
Congo Free State. The diminution in the number 
of elejdiants with the oi>ening up of the remoter 
districts must in tune cause a falling -olF in this 
export. Ik'oswiix is obtained from various parts of the 
interior of West Africa, and from Madagascar. Haw 
liides are exported in large quantities from South Africa, 
as are also the wool and hair of tlie iiienno slieej) and 
Angora goat. Both hides and wool are also exj>ort(»d 
from Algeria and Morocco, and hides fnnii Soincililaiid. 
Ostrich feathers are produced chit'fly by the ostrich farms 
of Ca])e Colony, but some arc also obtained from the 
steppes to tlie north of the Central Sudan. Live stock, 
]>rincipally sheep, is exported from Algeria and cattle 
from Morocco. 

The liithcTto ex]>loited minerals of Africa are confined 
to a few districts only, tlu' resources of the continent in 
this res]M>ct l)eing largely uiideveloi>ed. Since 
the discovery of gold in the Transvaal, parti- 
cularly in the district knowm as the Band (1885), the 
output has growm enormously, until in 1898 it reached 
a value of over 15 millions stiTling. The gold -yield- 
ing formations extend northwards through Mashonaland, 
which may produce a large amount in the future, and 
deposits may possibly be discovered in various jiarts of 
tropical Africa w^here uucicnl schistose rocks occur. In 
the Galla countries gold has long bt'cn nn article of native 
eomnierce, and on the Gold Coast of Eiiro])ean also. 
CopiKu* is fouiiil in the w'cst of Cai>e Colony, iii German 
South-West Africa, ami in the Garcngaiize or Katanga 
country in the southern (\mgo basin, where it has long 
been exploited by the natives. It al^o occurs in Morocco, 
Algeria, Darfur, «Src. Iron occurs in Morocco and Algeria 
(some lieing exported from the latter), and is widely 
diffused, and worked by the natives, in the troi)ical zone. 
But the diqiosits are generally not rich, and Eurojiean 
iron already competes wdth the native supply. Coal is 
worked, princij>ally for home consumption, in Cape Colon}*, 
Natal, and Orange River Colony, and has lately been dis- 
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covered in workable dejiosits in the German territory north 
of I^ake Nyaaa. Diamonds are found in large quantities in 
a series of beds known as the Kimberley shales, the prin- 
cipal mines being at Kimberley, in the north of CajKJ 
(Jolony. Phosfiliates arc exfiorted to some extent from 
Algeria. Of other minerals which occur, but are little 
worked, zinc, lead, and antimony are found in Algeria, 
lead and manganese in CaiKi Colony, jiluinbago in Sierra 
Leone. 

Of tlie natural resources here eniiuieratt‘(l those from 
which a future increase of trade may Iw! ex]»ected are prob- 
ably the plantation products, tl)e cultivation of 
wliich is still in an cxperinicuital stage. For 
such a devijlopment, liowever, the solution of 
the lab(3ur problem and 1h(i jjrovision of adcj- 
<]uate, ineiins of transport (to be spoken of later) are 
indispensable conditions. The country which under a 
<'iviliz<jd OovernuKuit would i)erhaps giv(' the greatest 
scf»jK? for development is Morocco, both the soil and climate 
of which are exceptionally favoiirabhi, whiltj the mineral 
resources are also considerable. British South Africa, too, 
contains many valuable miiKTals besides gold, which will 
no doubt in time lie exploited. 

Tlio irnportH from foreign count nos into Africa consist cliiefly of 
niaimfacturcd goods, vai yiiig in character according to the amount 
. ^ of Hcttlcnicnl, hy Euiopeaiis. In Algeria and South 

mporiM. Africa they include most ol the nccossaiies and luxuries 
of civilized life, iiiiiiiiifuctiind cotton and woollen goods, es).Hicially 
the ioimer, talviiig the tiist place, hut various food stutls, motal 
goods, coal, 1111(1 miscellaneous articles being also included. In 
trofiieal Afnea, and geneially uheic tow Kuroneaiis have settled, 
the great hulk oi tlm imiiorts consists as a rule of cotton goods, 
the only aiticies toi wJiieii there is much native demand. This 
ahsenec ol a laig(* dmiiaiid for Kiiropean goods is in fact a great 
ohstacio to ttadtMMlIi (Vntial Afnea, butwitli the gi adual advance 
in eivili/ation it may m time Imi rmnovisl Perhajis the most pro- 
luisiiig iield 111 this K'speet is to la* louiid in the populous and 
com]iaratiV(*Iy eiviii/ed eountiies of the ('eiitral Sudan, reached 
from the Louei Nigei 

The lollowiiig tali!<\s show, so far as statistics arc available, 
the total impoits ami exports of the vaiious couiitiies foi 1898, 
and also tlie chief souiees of supiily of the piiiici|)al AfruMiii 
eomimaJities Any ostiinale, basiid on tlu'se ligiii(\s, eithei of the 
total eonimeree ol Afnea, or evtui ol the external tiado, can only be 
very vagm* No figures are given for inland eoimtnos, jiaitly for 
want of statistics, and paitly because the tiaiisit trade to and from 
those alieaily appears umler tin* eouiiliies through which it ]>asses. 
Til estimating the total uxteinal tiade, the special trade only of 
Zan/.ihar must lie iiieiuded, as the remainder appeals under the 
cuiiiitiies of tlie opjxisite mainland. But iii the case of rortugueso 
East Africa the geiioial trade may be taken, as no figures are 
given foi tin* a(]|oiiiiiig inland eountiies. A certain amount of 
local tiade In-tween eoiitigiioiis ciHintries, as, c./y., between Lagos 
ami Dahomev, is of necessity included, hut this is possibly not 
more than enough to hahiiiee the alismie.e of figures for certain other 
countries. The totals thus obtained arc : -Iiufiorts, £66,828,000 , 
e.xport8, t*67,67r»,000 , total, £T.‘J4,r»08,000 In 1896 an estimate, 
prohalily based on the statistK's for 1891-95, gave the grand total 
as roughly i' 100, 000, 000. The inoiease iii about foui years would 
thus he 64 per cent. 

No eoiitiiient lias in the jiast been .so baekwaid in respect of 
means of eomiimnieation a.s Africa, and it was only in the last 
- . decade of tlie 19th century thaf decided steps were 

uMtIaaa * ti^keii to lemedy these defects The African rivers, 
with fh(' exception ol the Middle Congo and its 
affluents, are geiierully uiilavouiahle to navigation, and through- 
Native tropical legioii almost tin* sole loutos have been 

trade native foot paths, admitting the })as.sage of a single tile 

routea, porters, on whose heads all goods have been earmsl 

from idaee to place. Certain of these native trade 
routes arc, however, iiiiieh freijiiented, and lead for hundreds oi 
miles from tin* coast to the iiit(*rior In the desert regions of the 
north transport is hy caravans »)f camels, and in tlie south ox- 
waggons have, until quite recently, .supplied the general means of 
locomotion. On the east side tlie iirineipal ierniiiii of the native ! 
trade routes are ; Siiakiii, foi the Egyptian Sudan ; Massawa, lor I 
Abyssinia , Zeila and Herbera, for thi* Somali and Gal la countries , 
Moinl)a.sa and Pangani, for the Masai countries, &c. ; Bagainoyo, 
for the Victoria Nyanza (south), Tanganyika, and Nyasa (north), 
and for the countries west of Tanganyika ; Kilwa, Liiidi, Mozam- 
bi(|ue, and Quilimane for Southern Nyasa and the countries lieyond. 


African Trade, 1898. 


(Values in thousands of pounds sterling.) 


Country. 

Imports. 


Exports. 


Total 

Trade. 



iP 




British Colonies, Ac. 






Egypt .... 

10, 76S *3 

41*1 

12,100*1 

73*2 

22,855*4 

Somali Coast 

880*2 


404*7 


784*9 

Zanzibar, special trade 

200*01 


225*0 1 


425*01 

„ general „ 

1,5&&*1 

7 8 

1,497 9 

7*6 

3,058*0 

British East Africa 

296*0 


72*4 


869*3 

British Central Africa. 

108 4 


88*0 


146*4 

Mauritius . 

•2,877*6 

18 9 

2,913 9 

87 

5,791*5 

Natal .... 

5,369 73 

69 S 

1,263*33 

68 2 

6,683*0 

(7ape Ooluny 

Niger Coast I'rotector- 

16,082*44 

68*9 

25,318*78 

98*1 

42,001*1 

at .0 . 

689*7 

79 

750 2 

06*3 

1,389*9 

Niger Territory (1803) 

160*0 


405*9 


565*9 

I.iag(>n .... 
rioltl Coast 

908*4 

79*7 

882*3 

45*8 

1,790*7 

900*8 

75 6 

993 0 

71 9 

1,953*8 

897*8 

Hi(*rra Leone 

606*3 

84*5 

291 0 

40 5 

Gambia 

French ColoniBS, Ac — 

246*1 

37*1 

247*8 

21*9 

493*9 

French Somali Coast . 
Madagascar . 

857*1 

48 

196*4 

15 7 8 

1,053*5 

Ri^uiiion 

790*6 

6 

761*1 

•1 

1,551*7 

French Congo 

190 0 


173 8 


863*8 

Dahomey 

305 8 

13 17 

298 u 


694*4 

Ivory Coast 

185*0 

67 47 

186*8 

48 07 

872 7 

French Guinea . 

360*8 

67 7» 1 

1 312 0 

77 48 

672 8 

Hcuegal . i 

1,313*1 

22 3 

1,154 3 

2*3 

2,407 4 

Algeria (1807) . . , 

11,076 1 

2 5 

11,829 1 
1,767 9 

5 6 

22,905*2 

Tunis . . ' 

German Colonies, At* — | 

2,140 8 

13 9 

13*1 

3,908 7 

German Bast Afnea . 1 
German South - Wont < 

807 3 


295 1 

2 29 

1,102 4 

Africa . . ! 

287 5 

2 61“ 
16 8 1 

44 '» 

79*0 

332 4 

Cameroon . . ' 

521 3\ 

25*! 1 


773*4 

Togolaiid 

Pol tiigiiese Colonies . — i 

148*5/ 

9vS vS 

. 1 

247*3 


Port K Alriea, Kpecial 






trade 

1,905*2 j 


179*7 


•2,084*9 

Port K Afnea, general ' 


! 




trade . . ; 

3,K>I pn 


551*512 


4,406 4 

Angola . . , 

Poriugtiesu Guinea , 

800 0 1 

21 5 1 

1,135 5 


1,995*5 

Italian (jolomes - i 




j 


Kritrea 

Italian Stmialiland ' 

182 8 , 

1 

in 9 

1 

! 

294*2 

Congo Free State 

Liberia . 

1,007 4 

14 9 1 

1 

1,015 9 

1 

2,023*3 

Monieeo l* 

1 *270 014 

61 5 15 

1,179 014 

26 3 

2,455 014 

Tripoli . 

.18 -i 4 

34 0 ' 

101 5 

39 1 1 

786*9 


Articles 


Rubber 


Palm-oil and kernels. 

Gum arabio 
Gum copal 
Kola nuts. 

Copra 
Timber . 

Cork wood 
Bamboos and reeds 
Vegetable iiorschair 
Alfa . 


Articles of Exroui, 1898. 

Houn cs of Hupply, with Vultios in 
Tliouhuiuls of J*rHiii<iM Storlini;. 

, Angola (887 ’6) , Congo Fiee State (034*0) ; 
(lold Coast (,551 *7) , Lagoa (285*4) ; French 
Giiim-a (237*6) ; Canierooii (91 5). 

Niger (Joasl (705 7); Lagos ( 459*9) ; Gold 
Coast (180 7) , Cameroon (110 7). 

Senegal. 

Zanzibar (26 7) ; French Giiim'a (10*7). 
Sierra Leone ; Gold Coast (35*7). 

Zanzibar (105 1 ) 

Gold Coast (110 3). 

Algeria (239*3 1 . 

Algeria (216*7) 

Algeria (1.55*5) 

Tunis (72*7) ; TiipoJi (72 0) ; Algeria (20*1).“* 


^ Flstiinated. 

- Ineludmg goods iii transit to interior, 938 6. 

•* lueliuliiig gold from South African States, 40*6. 

Tucludiiig goods in transit, 4581 0. 

* Including gold from South African States, 15,394*4. 

® 26*5 and 42*8 respectively in 1896. 

’ I’ereentttges in 1806. 

** Including imports from and exports to Sien’a Leone, 

Percentages from and to Zanzibar =59 2 and 71*2. 

Percentage from Cape Colony =13*8 

Including goods in transit to Transvaal, 1770*1 ; to Masliona- 
land, 176*6. 

Including exports from Transvaal, 368*9 ; from Mashoualond, 

5*9. 

Ports of Tangier, Tetuau, Laraielie, Dar el Baidu, Rabat, Mnzagan, 
Saffi, and Mogador. • 

Including estimate of 250*0 imports and 250*0 exports at 
Mogador. 

Excluding Mogador ; from and to Great Britain and Gibraltar. 

»« In 1897. 
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Artiolei. 

Coffee 

Cacao 
Sugar 

Wines 
Cloves 
Vanilla 
Dates 

Ground-nuts 
Oil seeds (sesamum) 
Beans 
Almonds . 

Table fruit 
Olivo oil . 

Cotton 
Tobacco . 

Cereals 
Aloe fibre . 

Ivory 


Ostrich feathers 
Wool and hair . 

Hides and skins 


^louges 


Gold 
Diamonds . 
Copjjer ore 
Iron ore, Ac. 
Phosphates 


Bonroes of Supply, with Valuss in 
Thousands of Pounds Sterling. 

. Ai^la (175*1); Harrar, Ac., ^id Somali 
Cmt (119*2) ; Brit. Cent. Africa (23*8). 

. Cameroon (15*3). 

. Mauritius (2472*8) ; Egypt (657 *3) ; Reunion 
(354*1) ; Natal (18*2). 

. Al^ria (5465*4) Ca]^>6 Colony (15*1). 

. Zanzibar (143*7). 

. Reunion (275*4) ; Mauritius (14*0). 

. Tunis (48*9). 

. Senegal (Cir. 330 *0) ; Gambia (200*8). 

. Mozambiejue Coast. 

. Egypt (347*5). 

. Morocco (63*6). 

. Algeria (166*8).^ 

. Tunis (121*8). 

. Egypt (8069*8). 

. Algeiia (manufactured, 466*1 loaf, 215*7).^ 
. Algeria (813*7).^ 

. Mauritius (42*7). 

. Congo Free State (240*5); Zanzibar (112*9); 
Cameroon (29*3); Somali Coast' (24*1) ; 
French Congo. 

. Capo Colony (7-18 *6) ; Tripoli (70*0). 

. Capo Colony (2444*3); Natal (602*0); 

Algeria (404*3) Morocco (188*1 ).» 

. Cape Colony (648.5); Morocco (281*8);^ 
Natal (184*9); Algeria (233*8) Somali 
Coast (167*3). 

. Tripoli (72*0). 

. Angola (57*6) Morocco (31 *3).2 
. Morocco (76*1).* 

. Transvaal (16,695*1); Gold Coast (63 *8). 
Capo Colony (4566*9). 

Cape Colony (262*8). 

Algeria (160*3).^ 

. Algeria (389*1).' 


On the west side there are fewer important native routes, the dense 
forests of Guinoa proving a barrier to intercourse, while the Central 
Sudan states have in the past communicated rather with the north 
across the Sahara than with the shores of the Atlantic. In Seue- 
gambia the most fre(|uentod routes have long been tliose up the 
Senegal and Gambia rivers. In LI])per Guinoa the chief arc thoso 
loading north from the Gold Coast, Togoland, and Dahomey ports 
to the in tenor markets of Yciidi, Sansanno Mangu, and Sansan 
llausa on the Niger,* and from Lagos to the Niger and Sokoto. 
South of the equator the tirincinal long-establislied routes are 
those from St Paul de Loanaa to tiie Lunda and Baluba countries ; 
from Benguela wd Bihe to Urua and the Upper Zambezi, and from 
Mossamedes across the Kiinene to the Upper Zambezi. In South 
Africa the ox-waggon routes, now partially superseded, made for 
LakoNgami, the Middle Zambezi, and Matabeleland from Waliisch 
Bay and the middle course of the Orange river, while others tra- 
versed the Orango River Colony and Transvaal to the Limpopo 
and beyond. In the north the principal caravan routes across tlie 
Sahara lead from diircrent points in Morocco and Algeria to 
Timbuktu ; from Tripoli to Timbuktu, Kano, and other great mai*t.s 
of the Central Sudan ; from Bengazi to Wadai : that from Suit on 
the Nile through the great oasis and the Libyan desert to Darfur, 
Ac., has been msused of late. Important routes also traverse the 
Sudan states from west to east, and proceed south to Adamawa 
from the commercial centres of the Hausa countries. 

Some of these native routes are now being superseded by the 
improved communications introduced by Eurojieans in the utiliza- 
RecBat waterways and the constniction of roads and 

" railways. Steamers have been conveyed overland in 
mentl. sections and launched on the interior waterways above 
the obstructions to navigation. On the Umier Nile 
and Albert Nyanza their introduction was duo to Sir S. Baker and 
General Gordon (1871-76); on the Middle Congo and 
its affluents to Sir H. M. Stanley and tlio otflcials of 
the Congo Free State, as well as to the Baptist missionaries on 
the river ; and on Lake Nyasa to the 8U])]iortcr8 of the Scottish 
mission. The comparative fieedom from obstruction between the 
sea and this lake has led to the introduction on it and on the 
rivers leading to it of a flotilla of steamers (including gunboats 
belonging to the British Navy) by which — apart from a short 
interval broken by rapids on the Shir4~water communication is 
supplied from the sea to the north end of the lake, beyond which 
the Stevenson road affords easy communication with Tanganyika. 


» In 1897. 

* Exclusive of export from Mogador. 

* The former trade centres, Kong, Salaga, and Say, have lately lost 
their importance. 


Here a steamer is being built bv a British company, while a small 
vessel was launched on Lake Mweru in 1900. The Germans have 
also a steamer on Nyasa, and in 1900 another was launched on 
Tanganyika, where a British sailing vessel had already plied for 
some years. A river steamer has Wn placed by the Germans 
on the Riifilji. A small vessel was launched on the Victoria 
Nyanza in 1896 by a Hntish mercantile fitm, and a larger Govern- 
ment steamer made its first trip in November 1900. On the Niger 
and Benue, where navigation is open from the sea foi a consulcr- 
able distance into the interior, steamers have plied for nuiny yeais, 
while the French liave placed steamers on tfie navigable ] tort ion of 
the upper river. The middle course of the river is only just 
navigable for ]iart of the year. A small steamer for tlie ua\ igatiou 
of the Shaii and Lake Chad was taken out by the Gen til expedi- 
tion, by way of the Congo, in 1896-97. 

Roads suitahle for wheeled Iraffie, even of the most primitive 
kind, are still lew. The first attempt at road-making in Cential 
Africa on a large scale was that of Sii F. Buxton ana 
Mr (afterwards Sir \V.) Mackinnon, who completed the oaaa, 
first section of a track leading into the interior from Dar-es-Salaam 
(1879). A still more important undertaking was the road, begun 
in 1881, from the head of Lake Nyasa to the south end of Tangan- 
yika, constructed mainly at the expense of Mr James Stevenson, 
which forms a link in the Lakes route” into the heart of the 
continent. In Britisli East Afiica u road was made from Mombasa 
to Kibwezi under the auspices of the British East Africa Com))any, 
and afterwards cuiitiniied for the British Government by Captains 
Sclater and Smith to Fort Victoria on the Victoria Nyanza. From 
Kikuyu it descends to the |^cat nft- valley, on the larther side of 
which it ascends the Man Eseariinieiit near the Eldoma ravine. 
The eontiniiation, 400 miles long, was begun in 1895 and completed 
in about tw^o years at a cost of some £17,000. In German East 
Africa the caravan track to Tanganyika has recently been much 
impioved and other roads made, generally with a width of 5 to 6 
metres, while transport by means of mule carts has been initiated. 
In Cameroon a road has been made from Victoria northwards 
fo Ihieo, and others are contemplated. In Madagascar a road 5 
metres broad, macadamized to a w'ldtli of 3 metres, was under eon- 
stniction in 1900 between Antananarivo and the coast at Andc- 
vorante, between which place and Tamatave communieation is 
maintained both by a shore road and by the hue of lagoons. 
Faither north the construction of a road from the capital to 
Mevetanaiia, whence water transport is available to Maj'unga, was 
begun in 1897. 

Although still occupying a low place among the continents 
in the matter of railway communication, Africa was during tho 
last decade of tho 19th centuiy the scene of an im- « . . 
portant development in that direction. In 1890 w;^#. 

African railways were almost entirely conlined to the extreme north 
and .south (Egypt, Algeria, Cajie Colony, and Natal) ; . . 

while ajMirt from short lines in Senegal, Angola, and at 
Louren^o Marquc.s, tho rest of tho continent was W’holly 
without a railway system. In Egypt tho Alexandria and Cairo 
raihvay dates from 1855, while in 1877 tho lnie,s open reached 
about 1100 miles, and in 1890, in addition to the hues tiavcrsing 
the delta, the Nile had been ascended to Assiut. In Algeria tho 
construction of an inter- provincial railway was decreed in 1857, 
but w'as still incomplete twenty years later, when tho total length 
ot tho lines open hardly exeoeded 300 miles. Boforo 1890 an ex- 
tension to Tunis had been opened, while tho Atlas had been reached 
by the lines to Ain Selra in tho w'ost and Biskia in the east. In 
Senegal the railway from Dakar to St Louis had been commenced 
and comjiletcd during the 'eighties, wdiilc the first section of the 
Senegal Niger railway, that from Kayes to Bafulabu, was also con- 
structed during tin; same decade. In Angola a lino from Luanda 
towards tho interior, bcanng the ambitions title ** Royal Trans- 
African Raihvay,” had been opened for a short distance before 1890. 
In Cape Colony, w'herc in about 1880 tho railways were limited 
to the neighbourhood of Ca]>e Tow^ii, Port Elizabeth, and East 
Loudon, tlie next decade saw the completion of the truuk-liue fiom 
Cape Town to Kimberley, with a junction at De Aar with that 
from Port Elizabeth, as well ris of the lines from Port Elizabeth 
to Graaf Rcinet, and from Pla.st Lomlon to Burghersdorp. The 
northern frontier had, however, nowhere hern crossed. In Natal, 
also, the main line had not advanced beyond I^dysmith. In the 
neighbouring Portuguese territory tho line from Louremjo Maniues 
towards the Transvaal, commenced in 1887, had not quite reached 
the frontier when seized by the Portuguese authorities in 1889. 
Within the Transvaal tho railway to Pretoria was, however, under 
construction. 

Recent railway development was inaugurated by the scheme for 
tho Congo railway, connecting the navigable portions of tho upper 
and lower nver, operations on which had been begun 
boforo 1890, but which w'as not ojieiied throughout uutil 
July 1898. A little later the Angola railway was 
opened as far as Ambaca, while its extension to Malanjo 
has been decided upon. In East Equatorial Africa a beginning 
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was made by the construction, within the German sphere, of a 
sliort line from Tanga towards Usanibara ; but in spite of many 
Buliemes for a trunk line to the great lakes, no decided action 
liad yet been taken m 1901, the necessary credits for the expenses 
of a line from Dar-es-Sulaam to Tanganyika, with a branch to the 
Victoria Nyauza, having been refused. In British East Africa a 
survey for a railway to the Victoria Nyanza was carried out in 
1892, and the first rail laid in 1896. The route adopted, after 
traversing Kikuyu, diops down to the rift- valley by a steep and 
difficult descent, afterwards climbing the Mau KMcnipnient to I^ort 
Florence on Kaviioiulo Bay. In April 1901, 488 miles had been 
completed out of a total of 582. In French Somaliland a raili^ay 
is under construction from Jibuti to Harrar, with the object of 
tapping the trade of Abyssinia. In British Central Africa a 
sehoine has been set on foot lor a railway past the rapids of the 
Shir<5. In South Africa the Cape trunk-line has been continued 
Mafeking to Bulawayo, which was reached in 1897, while a 
Hue from Beira to Salisbury, commeneed in 1891, was completed in 
1899. The Natal and Capo railways have been continued north 
to the Transvaal (the latter traversing the whole length ol Orange 
River Colony), meeting the complotSl Louren(;o Man|ue8 railway 
at Pretoria. Other linos have also been construe ted or eomtnetiecd 
both in the Transvaal and Orange River Colony. In 1 899 a nortlierii 
exteiisioii of the Bulawayo railway, towards the /ainbe/i, was 
commenced as a section of a great scheme for a railway from end 
to end of the continent, {uissing through (rcrman East Africa and 
Uganda to Cairo; while another step towards the leali/atioii of 
the proj'ect was taken in the same year by the completion of 
tlio Nile railway to Khartum. Pending a possible extension to 
the Upper Nile, steam communication by mcr in that diteciion 
was opened by the cutting of the sitdrf, or grass barrier, early 
in 1900 by Major Peake. Another Egyptian railway wbicn 
is probably only a question of time m one fiom Suakin to 
Berlier or Kassafa. Farther south a short line has been open for 
some years at Maasawa. In Algeria an eAieiision ol the western 
railway ivas opened to Jenicn-bu-Resg at the begiiiiiiiig of 1900, 
while the much - discussed lu eject o) a hue oi hues across 
the Sahara to Timlmktu auu Ijake Chad has again eoino into 
prominoiice. In French West Africa tho eoustruetiou of a lino 
from Konukri to tlioU|»pci Nigei has boon eomuieiiced, while woik 
on the Seiiegiil-Niger lino has b»'eu continued. On the Ivory Coast 
the survey for a jiroposcd railway towards the luU'iiorw’as com- 

{ )leted in 1899, and in Dahomey a hue from Kotonii to the Niger, 
lya route jiassiug through CarnotvilJe and Nikki, has hceii begun. 
In French Congo, although the need of a lino to Bia/zaville on 
Stanley Pool is acknowloaged, little progress towards a leahzation 
of the project has been made. In tin Biitish West African 
colonies hues have since 1896 been under coiistrurfiou in Sierra 
Leono, tho Cold Coast, and Lagos. In the ('ougo Fico State a 
sboi*t railway to Mayumhe, noith of tho lower iivei, is being con- 
structed, and lines are proposed from Stanley Falls to Albert 
Nvanza and Tanganyika Finally, in Madagascai, the credits lor 
a line from Tamatavo to the capital w'oro voted early in 1900. 

The telegraphu* system of Africa is on tlie whole older than that 
of the railways, tho newer Eurojioaii possessions having in most 
j. , cases been provided with tclegrapli hues hcfoie railway 

rtmobm Projects liad hoc'i set on foot. In Algeria, Egypt, and 
• ^ * Capo Colony the systems date hack to the middle of 
the 19th century, before the end of which tho lines had in each 
country roaidied some thousands of miles. In trojiical Africa the 
systems of French West Africa, where tho lino fium Dakai to St 
Louis was begun in 1862, arc the must liilly developed, lines having 
been carried from four <lifforent jioints oii the coast of Senegal and 
French Guinea towards the Niger, tho main line being prolonged 
north-west to Timbuktu, and west and south to the coast of 
Dahomey ; while other linos are either open, being coiisti ucted, or 
projected, including one connoetiug tho Ivory Coast with tho 
general system. In French Congo, also, a line connoets Biaz/jivillo 
with the coast at Loaugo, whence it runs northwards to Libre- 
ville. Most of tho European colonics and protectorates have lines 
of more or less length, but the most iinjiortaiit is tliat initiated by 
Mr Cecil Rliodes, which, starting northwards from the Capo, is 
destined before long to connect the iiortli and south extremities 


of the continent. It crosses the Zambezi to Lake Nyasa, beyond 
which it has already jiassed the south end of Tanganyika, wdnle 
from the north the Egyptian lines liavc been prolonged beyond 
Khartum to the Upper Nile. A line from tho east coast, which 
will eventually connect with the Cape to Cairo line in Uganda, 
lias been carried through British East Aliica in advance of tho 
railway, reaching the Nile at Ripoii Falls in February 1900. Con- 
siderable progress has been made with a line which will cross tlie 
whole width of the Congo Free State to Tjake Tanganyika, where 
it may eventually be connected with the German Hue from Dar-es- 
Saluain to the lake. 
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1652 and 1777-78 . — Makmol. Deacripdon General de Africa. 
Granada, 1.673. — Sanui'o. Oeographia delV Africa, Venice, 
1588 . — Dai'J'Ek. Description de VAfnque, Amsterdam, 1686. — 
Ebtancelijn. Itecherches siir les , , , vavigateurs Normands en 
Afrique. Paris, 1832. — Ma.tor Life oJ Prince Henry the li'avu 
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Open, Loudon, 1852. — Oliveii. Flora of Tropical Africa, 
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UniverselUj vols. x. toxiii. 1885-88. — SupAN. “ Ein Jahrhundort 
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— ha Traxte dcs Eselaoes en Afrique. Brussels, 1890. — SiicvEiis. 
Afrika Leqizig, 1891 and 1901. — Wiiite. “ On the Compara- 
tive Value of African Lands,” Scott. Geog, Mag. 1891. — Idem, 
The Development of Africa. 2nd cd. London, 1892 . — Englkb. 
Hochgehirgsfiora des tropischcn Afrika, Berlin, 1892. — Idem, 
“Uebcrdio. . . Eigebiiissc der . . . botauischeii Forschungen,” Ac. 
Peterm, MiU, .Taokr. Die Verwcmlbarkcit des afrikanischen 

Elefanlen. Magdeburg, 1892. — Robert Brow’n. The Story of 
Africa and its Plxplorers, London, 1892-95. — Ravenstein. 
“ Reports ... on the Climatology of Africa,” Rep. Brit, Assoc, 
1893-99. — PkjSville. Les SociH6s Afrkaincs. Paris, 1894. — 
Felkin. “ On the Geographical Distribution of Tropical Dis- 
eases in Africa,” M, Phys, Soe. Edinburgh, 1894. — Reich ard. 
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1896, — Murray. How to Live in Tropical Africa. Loudon, 
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ways in Africa,” Geogr, Journal, November, 1896 — PosKiN. 
V Afrique Eqvatoriale, Climatologies Nosologic, Hygiene Brussels, 

1897. — DkcLE. Three Years in Savaqe Africa. London, 1898. — 

VanOrtroy. Conventions Internationales dAjvnissanl les tim des . . , 
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Goloniaalion of Africa by Alien Paces. Cambridge, 1899. — Trade 
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article. (e. Hb.) 

II. Ethnology. 

That Africa has been continuously occupied by two 
distinct branches of mankind — the Caucasic and the 
Ethiopne — from the remotest times, seems evident both 
from the remains of jirimitive mau which have been found 
wherever they have been sought, and from the ethnical 
relations that have pnevailed throughout the historic period. 
The remains — that is, rude and polished flints and other 
implements dating from the Old and New Stone Ages — 
have in recent years been brought to light in great abund- 
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anco in the extreme north and south, and in several inter- ' 
mediate places, under conditions which leave no doubt | 
that the whole area was jieopled since the early Pleistocene, { 
if not even the late Pliocene, epoch. Thus, in Egypt I 
Professor Flinders Petrie has collected large quantities of j 
Palaeoliths on the limestone Abydos plateau, 1400 feet i 
above the present Nile level, and others embedded in tiio 
ancient gravels of the former High Nile, when the nuun 
stream still rolled down fifty times its present volume. In 
the same region of Upper Egypt M. J. do Morgan has 
identified four stations where ]>rimitive man worked his 
rude weapons, and where Oppert finds indications ol a 
thoroughly established social and ])olitical organization in 
the New Stone Age, some 12,000 years before the new 
era. In Tunisia M. A. Dumont found flints in abundance 
under limestone beds deposited by a river which lias since 
disappeared, and declares that the origin of man in Mauri* 
tania must be set back to an age which deranges all 
chronology and confounds the very fables of the mytho- 
logies. The same inference is drawn by Sir John Evans 
from the results of Mr Seton Karr’s resc'arches in Somali- 
land, while the wide range of early man is further attest'd 
by the objects recovered by Sir 11. Burton in U])i>er Guinea, 
and by W. D, Cooch and J. Sanderson in Cape Colony 
and Natal. 

All the works of the Old Stono Age present, wherever found, a 
striking roseinhlanee in their appcaiaiice, form, and method of pio- 
duution, implying tliat they date from an age when all the in* 
habitants of Africa were still of one type and stood at the same 
low stage of culture. Tlioy a()pear to have migiatofl westwards 
from Indo-Malaysia, prohablo cmdlo of mankiiul, m tv\o streams, 
one by the not yet submerged or but partly submerged Iiido* 
Afucan ountiiiont, now flooded by the Indian Ocean ; the otbei, by 
the overland Asiatic route, which was also lollowed by the large 
liartly extinct and jiartly Burvmug Pliocene and Pleistocene mam- 
malian fauna. 

Ill tiieii new homes these two groups, originally of the same 
generalized proto -human Pleistocene type, gradually became 
apeciah/ed under the influence of the different jdiysieal environ- 
ments — relatively liot and dry lu the iiorLb, hot amf moist in the 
Houtli. Thus may well liavo ari.sen on Afnean soil the two now 
highly specialized divisions of mankind wdiioli sliaro the continent 
between them, although the process of s|ieeialization may have 
been, and probably was, already in progress before their arrival. 
It now becomes easy to understand how what are aceejited as the 
liighest and the lowest sections of the human family arc found 
occujiying conterminous domains since prehistoric times, the 
.southern stream being still rcpiesented by the Negro or black 
populations of Sudan and thence southwards to the extremity of 
the continent, the northern by the Caucasic or white populations 
of the Sahara, and tlienco northwards and wosf wards into Kuru)H) 
and Asia. Wo also see how unnecessary it is wuth a former school 
of anthropologists to derive the whites from their black neighbours, 
or, a still more difficult proe-oss, ilie blacks from the whites. Both 
liave been evolved iiidepondently in their jiresont respective 
JuihitatSy where they may therefore bo regarded as aborigmes in 
the strict sense of the term. 

But the two ethnical zones are nowhere scparate<l by any marked 
mountain barriers except in the eastern (Abyssinian) highlands, or 
even by great marine or desert spaces, such as would he impassable 
by primitive man, for we now know that at all events since the 
early Tertiary epoch the Sahara has boon dry, and, till later times, 
oven habitable land, and not, as formerly supposed, a marine 
basin. Hence there have laien constant and continuous over- 
lappings and interminglings all along the ethnical divide, and as 
the large fauna— elephant, hippopotamus, giraffe, lion, hyicna, 
ostrich —range over the whole continent, so the dark Suciaiiese 
peoples have encroached at various points — ^Tibesti Range, Nile 
Valley, Ac — on the Caucasic domain, ■while the Cauc^isians have 
to a far larger extent {>onotrated into the Negro zone, reaching 
es]jer.inlly on the eastern seaboard to the southern limits of the 
mainland. 

These diverse secular blends have Tcsulted in a multitude of 
transitional forms between tho two primeval stocks, presenting a 
kaleidoscopic jneture which lias been further com))licated by the 
intrusion of numerous foreign elements — Semitic Himyarites, 
Phopnicians, and Arabo, Greeks, Homans, Vandals, Malays, Hindus, 
modem Europeans, and others — generally round the periphery, 
but in some cases penetrating far into the interior. 

Bat amid all mis otbnieal confusion tho two oritiriual irrouns 
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have in many places preserved their racial purity almost intact, 
so that a tolerably correct estimate may still be formed of their 
essential physical oliaraoters. The Hanutes^ as tho Caucasic abo- 
rigines are conventionally called, present striking analogies both 
with the Asiatic Semites and with the South Europeans, so tliat 
by many ethnologists all are roganled as belonging fundamentally 
to one stock, collectively classed as Afro-Eurvpcarus or Mediter- 
ranean, Thus many of the Mauritanian llamitc's (Berheis of 
Morocco, Algeria, and Tunisia) are of even lighter colour than tho 
Stianiards or Italians, with blue eyes, yellow or brown beard, 
oval head of the long type, large straight or acjuiliue nose, oei- 
fectly regular features, slinpely build, medium height, and alto- 
gether exceedingly handsome men. Similar traits occur amongst 
their southern Kinsmen, the Tuaregu of the M’estern Sahara, ami 
even amongst tlio FdlnJun, of Egypt, who, however, are generally 
of swai'tliier complexion and olten startlingly like tlieir lletu 
ancestors, as figured and carved on the old Egyptian monuments. 
Still darker arc the Herraim^ or “ Black Boibers,” of tlie Southern 
Atlas, and all the eastern Hamites between Egypt and the eq^uator, 
who iKJtray a varying strain of negio blood in their tumid lijis, 
and espficmlly in their or nuglety and alw^ays black hair. 

The Hamitic language also, wbi(‘h is of the inflecting onler, 

f iresents several features in common w'lth the Semitic, on the one 
land, and on the other with tlio old Iberian, still siiiviving ui tho 
Basijuc of tho Western Pyrenees. This Hamitic foim of H]*cecli, 
which, like the Semitic and niiliko the Ar^aii, is of an extremely 
tenacious character, jiervailes the whole of Ibc African Caucasic 
domain, where it has been current for countless ages, and had 
alicady boon rediieed to written form by the Egyptians some 5000 
or GOOO years licfore the new era. Letters were also known in 
remote tunes to some other members of llie Hamitic family, as 
showm by the not yet decipboied roek insenptions in the Nile 
valley above Kgypt, and in the peculiar Tafmagh script still in 
restricted use amongst the Mauritanian and Saharan Berbers. 

Except m Egypt, where nil were merged many millenniums ago 
in a single despotic nionarehy, tho Hamitic peoples have ulw'a^s 
shown a marked tendency towards Deniocratic institutions. In 
the tribal svstom everything is regulated by the public assembly, 
in W'bich all have a voice, so that the Berber is what ho calls 
himself, (]>lural Jinazighuiy the national name), a “free- 

man,*' whereas the more tbeonatic and feudal Semitic community 
IS ruled by a despotic hereditary sheikh. Tlie Berber is also less 
fanatical, though all liave Jong been Mohammedans, more generous 
to Ins w’omenfolk, and of rather sedentary liabits, preferring fixed 
dwellings and agriculture wherever ))08Sible to the tent-life of the 
nomad Bedouin stock* hr eedei. Pastoral ways, however, ]»rcvail 
largely amongst the Eastern Hamites— Bejas, Stimuli, Gallas, 
Turkanas, Masai — W'ho roam tho steppe lands betw'een the Nile 
and Red Sea and the Man ]>lateau, whieli aie unfavourable 
for tillage. Heiiee it is that the Wabunias, who aio of Oalla 
descent, retain their nomad jiastoral habits amid the Bantu 
Negroid populations of East Ceiitial Africa. 

The negroes theinselvos, whoso physical and mental characters 
are elsewhere described (Art. Ni!.giu>), form almost cvciyw’here 
settled agncultural communities. But this is not due to any 
8U|)eriority over the nomad Hamites and Semites, to whom they 
aie greatly inferior in most respects, but to the nature of their 
environment, which, lying mainly between the tropics, enjoys an 
abumlaiit rainfall, an<l is consequently more favourable for apicul- 
ture than for pasturage. Hence it is that the inhabitants of tho 
and south -w^estern ste)>pes (I)amara and Namaqua lands) form an 
exception to the general rule, and are excellent lierdsmcn, but 
cultivate very little land. Compared with the Hamites, the negroes 
are also extremely cniel and superstitious, and with the exception 
of the mixed negroid pojmlatioiis of* Sudan — Smghny, Sdusas, 
Baghirmiy Kanvriy MabaSy and others now mostly Mohammedans — 
are still mainly jiagans, thougli Christianity has made some pro- 
gress amongst the Waganda of Lake Victoria, and the Zulus-Xosas, 
Basutos, and Bechuanas of the extreme south. Ancestor-worship 
prevails on the eastern, nature-worship on the western seaboanf, 
with interminglings in the interior. This is clearly seen by tho 
distribution of the two cliief names of tho Deity — Munlruhmknluy 
“Great-grand- Father,” and Kzamb } — of uncertain meaning, but 
iiidicAtive of tho forces of natiiie, variants of wiiich terms occur, tho 
former almost exclusively along tho east, tho latter along the W’cst 
side of the continent, wmile both are intermingled in the central 
regions. 

It is fiirtiier to be noticed that the two primordial stocks—the 
wliit«* and the black — are found from i emote times already divided 
into seveml secondary groups, whose obscure inter-relations still 
offer many difficult jiroblems to the ethnologist. In general such 
secondary groups are far less aberrant from the normal typo, and 
more easily accounted for, in the Caucasic than in the negro domain. 
Amongst the Karaites the chief divergences are represented by tho 
Kuhian of the Nile valley above Egypt, wdio are usually regarded 
as Hamites with a black strain, but arc on the contrary true negroes 
with a Hamitic strain fArt. Nubia) : the Tibbus of the Eastern 
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Sahara, treated aa negroes with a Hamitic strain, but undoubtedly 
true Hamitos, merging gradually southwards in the black popula- 
tions of the Cliad hasiii (Ai't. TiUBUs) ; the FtdahH of West and 
Central Sudan, otten allied to the Nubas, with whom they havo 
nothing in common, being originally Hamites, now fused m many 
places with the suriounding negro ])eoplus ; lastly, the Fans ol the 
Ogoway basin, the Masai east of Lalce Victoria, the Tutkaiuis^ 
HewiilehSi and others of l^ake Rudolf, and the IFaiiUinas^ widely 
diffused under nmii v names throughout Kast Central Airica. These 
also are uudj)iil>U*dly IlamitcH, mixed in varying proportions with 
negro elements. 

lint the secoinlury groups of the negroes tlieniselves are not so easily 
explicable. Ileie the StTDANRsK Nkokoeh have in the tirst place 
to be distinguished irom the multitudinous Hantu NEOiioin groups, 
who occupy most ol the southern half of the continent, from about 
4“ or 5® N. lat. to Natal and Pondoland. Altliough not always 
easily justified on aiiatomieal grounds, this distiiielioii between 
the northern Sudanese and southern Bantu scetioiis of the negro 
family has a practieal value and a substantial loimdation in the 
geographical distribution, the mental ([iialities, and the siieech of 
the two groups. No full -blood Sudanese Negio eoimmiiiity lias ever 
dovelojicd a political or social system liiglier than that ol the tribal 
organization, while oxtonsive kingdoms and empiies, sucli as those 
of the Monoinotapa, of the Ca/omho, oi Ltiiida, Baiotsciand, Kongo, 
and Zululand, based on unwritten codes and niilitaiy instituiions, 
havo nourished otten for several generations amongst the Bantu 
peoples. Nor havo any true Soudanese Negroes cvci actpiired 

{uominenco for gieat intellectual or nioial qualities, such as those 
)y which several of the Tnshilong', the Balolo, tlie Makololo, 
Beehuaiia, Ba.siito, and Ziilu-Xosa lulcrs have heen distinguished 
in former and recent times. In a woid, the average Bantu is 
altogotlier more intelligent and lai more 'japahh* of uj) ward develop- 
ment than tlio average Sudanese Negio. 

Very marked finm this point of \iew an the contrasts presented 
by both groups iii the Jinguistie <loiiiaiii While all speak languages 
of the agglutinating order, linguistic ehao.s prevails in Sudan, 
linguistic unilurmily to a lernarkable degiee in Bantulaiid The 
numerous dialects eurient aiuong'^t the Bantu peoples and diffused 
over an area of sonu' (l,0()0,U00 square nubs aie all ledueihle to 
half-a-dozcn groups, wliieh an Iheniselves closely related and obvi- 
ously all H}iiang Irom a single stock language presenting some 
structural featuies ol a high older. KomtoiHt, a typical member of 
the family, possesses the ({uahtn's of [irecision, llexibility, and 
subtlety of expression to such an extent that “its daily use is in 
itself an ediieation” (Rev. W. If Bentley). In Sudan, on the con- 
trary, the countless local dialects defy » lassilieation The Nuha 
of Kordofan and Nubia differs as pruloundly from the Falah of 
Senegainbia, the tioiajkaif of the Middb- Niger fioin the Kanvri and 
Jfayhtrmi of Lake Chad, as Kiiglish does lioiu Arabic, or Krcncli 
from Chinese. In a word these »Sudanese tongues may bo gioujicd 
in a large number ol families wliieh are ladieally distinel from each 
other, and, whatevei their oiigiii, can no longer !»■ tiaccd to a single 
stock. 

From these remarks it follows that the teim “Siulancse” has a 
distinctly racial, but no linguistic value, i^hereas the teim “ Bantu ” 
is primarily linguistic. It conveys a very eleai idea to tlie philo- 
logist, but not to tlie antliropologist, who finds in the mixed Bantu 
domain not only every shade oi transition lietweeii the tni<* negio 
and tho true Hanute, hut also some divergent tyjios diflenng 
greatly from botli. lii the tropical foiest tracts arc scattered 
numerous grou]>s of Nkojinoks, oi “Little Negroes,” tiue dwarfs, 
differing not only in tlioii diminutive stature (3 ft. fi in. to 5 ft.) 
but also ill some otlier nil] )oi taut icsjieets — yellow colour, liinsuto 
bodies, culture (all lumteis exeliisively) -from the blacks of normal 
Lastly, in tho extreme south-west, range tlie juniutive Busn- 
M£N, still at the Palieolithie stagi*, and tho neigh houi mg lioii’Kis- 
TOTs, both presenting some rrmarkalilo and highly specialized 
features, such as tho fuh/ur and stcatupityia jiceuliar to the female 
sex, and a distinctly yellow cuiii]»le\iun common to both. (Art. 
Bushmen ; Hottkn i o rs. ) 

Thus is completed tho variegated jiietuic pre.sented by the 
aboriginal inhabitants ol the eontnient. Of tho intiudcis mi- 
measurably the most ini]K)itant fiorn the etlinieal, but no longer 
from the political, standpoint aie the Semites, wlio arrived from 
Asia, some in prehistoric, some in histone times, mainly by tho 
Mediterranean and by the two loiites at the southern and noitliern 
extremities of the Hed Sea. Amongst the earliest arrivals were the 
civilized peoples of Arabia Felix (Venieu), i.c , J///iacr?isand 
collectively known as Jlimyaritts, oi ‘‘ Red Men ” (whence the “ Red 
Sea ”), who established themselves about Adulis bay some centuries 
before tho new era. Thence they piuietiated gradually into tho 
Abyssinian uplands, founding the Axuiinte empire, yielding later 
to the religious and cultural iiifluenees of the Alexandiian Greek 
and Coptic Christians, and intermingling everywhere with the rude 
Hamitic aboiigines (Agana). 

Thus were formed the extremely mixed ])opiilations of Abyssinia, 
while the dominant Semitic immigrants continued and continue to 
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hold the ]>olitical overlordahip, founding tho three kingdoms of 
Tigre, Amhara, and Shoa, at present united in the empire of 
** Ethiopia,” as it is oflicislly called. Tho old Hamitic speech is 
not extinct, although everywhere somewhat eclipsed by various 
more or less corrupt forms of Qeez, i.s., the archaic Semitic tongue, 
which was introciuced by tho Hiniyarites, still survives in the 
Marah district of South Arabia, and is tho liturgical lauguago of the 
AWssiniau Christians. 

Tlie llimyarites, who took the southern route, w^cre probably 
jtrcccdecl by their PlKeniciau kinsmen, who had already at an early 
date converted tho Mediterranean into a ^rcat highway of trade 
and colonial enterprise. From tlio great cities of Tyre and Sidon 
came the founders of the greater cities of Leptis Major, Utica, 
Carthage, and other Phuenician settlements on tho coast lands be- 
tween tho Syrtes and the Atlantic, later merged in the Carthaginian 
empire, which coiitciided with Rome for tlic mastery of tho ancient 
world. After tlie fall of Carthage the Phuinician settlements every- 
where became Romanized, and both tho Homans and thoir Vandal 
conquerors were all in their turn absorbed by the surrounding 
Hamitic aborigines. 

Then camo the third groat Semitic invasion, that of the fiery 
Aral fanatics, which has modified tho ethnical relations of the 
continent to a far greater extent than all the other intrusions 
together. Before the close of the 7th century the Moslem Arab 
hordos had already reached the shores of tho Atlantic, and soon 
after spread over tho western Sahara, founded Mohammodaii states 
(Timbuktu, Bornu, Baghirmi, Wadai) on tho hanks of the Niger 
and in tlio Chad basin, penetrated u}> the Nile valley to and beyond 
Khartum to the Subat junction, develojung great ])astoral com- 
miinitios and even states — Kabbabish, Ja^ins, Baggaras, Fuig 
empire of Sonaar - in the present Anglo- Kgyi»tian Sudan ; lastly, 
established themsolvoK on the eastern seaboard from Cape Gtiardafui 
to Solala beyond tho Zambezi, everywlioro dominating, but also 
iriteriniugling xvitli tho aboriginal Hamitic, Ncgi’o, and Negroid 
Bantu po])ulaliuiis. 

Still later the Aiabs advanced from the coast lands and the White 
Nile far inland, ranging over vast spaces w'estwards to the Upper 
Congo and aoiithwarus to Lakes Tanganyika and Nyasa, in associa- 
tion with their Nubiaut Sira/nli^ Ajao, Manyuema^ and other native 
allies. Here also were founded some permanent settlements — 
Mpwapwa, Tabora, Ujiji, Nyangwe, Kota- Kota, Ribu-Rlba, Meslira- 
er Rek, liado — w'hich,' how'ever, w'cio not so much Arab colonics 
as zeriba% or strongly -feneed stations, established at convenient 
strategical ])Oints foi tho puniose of raiding tho surrounding lands 
in quest of ivory and tho men required to convey it to the coast, 
where they were sold as slaves. Honci^ smeo the partition of Africa 
these Arabs, mostly lialf-biceds, have been cleared out, and the 
stations transformed to centres of Euiopoan trade ami cultural 
influences. Thus it happens that in the Congo and Zambezi 
regions tlicrn is but a slight stiaiii of Arab blood, whereas through- 
out the northern half of the continent Semitic elements are in many 
places giafted on the original llamitie and Negritie storks. 

The Moslem Senates were accom)janied and even ])rcccilcd by 
others, tho Jews of ralestiiie, who, how'ever, were nearer akin to 
their Phamiciaii forerunners than to tlie Arabs and llimyarites. They 
began to arrive probably soon after the Babylonian captivity, ana 
coiwiderablo numbers were already settled in Lower Egy])! under 
the Ptolemies. After the fall of Jerusalem and the suppression of 
the subsequent revolts tlieso weie joined by others, many of whom 
]»as8cd westwards and settled in all the large towns and surroiiud- 
ingdistiicts, from Tripoli to Morocco, wliere, desjute ages of onpres- 
Kioii, they still fonn numerous wealthy eoniinunitics. But, living 
mostly apart, they have scuieely distuibcd the ethnical relations 
in Africa to any ap]>rcciahle extent. 

The same is true also of the still later immigrants from Europe 
into the northern and southern extra -tioincal zones — Greeks, 
Italians, French, Spaniards, in Egypt and Maiintaiiia, Dutch and 
British, wuth some Fieneli and Germans, south of the Zambezi. 
These intruders havo given rise to disloealions and dis])Iaeements, 
but not to intcrmiiiglings, xvith tho notable ex'ccption of tho oarly 
Dutch Boers, from wlioso alliance with the Hottentots havo sprung 
the so-called “Bastaards,” i,i,, Gngtuis, (Jonagims, and seveial other 
lialf-casto Hottentot gioups in Cape Colony and Narnacjiialand. 
Both in tlio Ca])e and in Natal aro several communities of 
Mtihaminedan Malays from various parts of the Eastern Archi- 
jielago, while numerous Banians (Hindus of the trading caste) are 
settled in all the coast tow'iis from Durban to Mombasa. Subjoined 
is a table of all tho African ]) 0 ]mlations, indigenous aud intruders, 
from ancient to present times, us far as known ; — 

A. CAircAsic Division. 

I. Easteun Hami™ 

Jielu, ancient Egyptians ; later Copts and Fellahin (mixed), 
Nile valley from 1st cataract to tne Delta. 

Blcmmyes ; Bugaitie, now Begas, Bejas ; Ababdch ; Haden- 
dowa ; Bishari ; Beiii-Amer, from Nile to Red Sea between 
Egypt and Abyssinia. 
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AthagoiOt Agao, Agaomedir (** Agaoland”) and other parts of 
Abyssinia. 

Afar (Danakil), between Abyssinia, Bed Sea, and Gulf of 
Aden. 

S&iiudi : Oallaa ; Somali and Galla lands. 

Turkana ; EendiUh ; Lake Rudolf district. 

Mami; IVakwaJi; Mau. plateau between Great Rift- Valley and 
Lake Viotoria. 

JVahumaf intermingled with the Bantus in the equatorial lake 
region. 

II. Westeiin Hamites : — 

Westerns’*), so called by the Carthaginians, whence 
Mauri, “Moors,” call themselves Jmazighen, “Freemen”; 
Maziges, Nuinidic, Gsetuli, LeucaetliLopes, all now known as 
“Berbers” ; Shellalas (Shluhs) of the western Atlas ; Kabylos 
of North Morocco and Algeria ; Shawiahs, Zenagas, Bciii- 
Mzabs of Algeria and Tunisia ; Kara tin (“Black Berbers”) 
of the southern Atlas ; Tuaregs of the western Sahara. 

Tamahu {Libyam\ Nasomones ; Aujilas ; Hammonii ; Siwahs, 
Cyrenaica and Siwab oasis. 

Garama/nics^ TedaTMinsi, Tedas and Dazas (northern and 
southern Tihhu8\ Tibesti range and the oases of the eastern 
Sahara. 

III. Semites 

HimyariteSf Axumites ; Tigriftas ; Amharihas ; Shoas ; north, 
central, and south Abyssinia. 

PhcsnicianM, Carthago and Mauritanian coast lands (extinct). 

Arabs (mostly Bedouins), Egypt, Anglo • Egyptian Sudan, 
Tripolitana, Mauritania, western Sidiara, central Sudan, 
oast coast southwards to Sofala. 

JewSf Egypt, Tripolitana, Mauritania. 

IV. Eitropkans 

Jirllenest Cyrenaica, Nile Delta (extinct). 

“^^^^^Africa Provincia, Mauritania (extinct). 

Modem Greeks^ Egypt, Anglo-Egyptian Sudan. 

Maltese 

Italians I Egy])t, and thence to Morocco ; Canary Islands 

French j (Spaniards). 

Spaniards] 

Hutchf Huguenots (extinct). Cape Colony, Natal, the late Boer 
States. 

FritonSf Cajie, Natal, late Boer States, North and South 
Rhodesia, Nyasaland, East and West Coast sporadically. 

Germans, The Cape, Transvaal, elsewhere sporadically. 

Portuguese, East and West Coasts, Sao Tnome, Cape Verde 
Islands, Madeira, Azores. 


B. Nkouitic Division. 


I. Sudanese NegkoksI v„ii a.*, 

11. Bantu Negroids details in Art. Negro. 

III. Bushmen, formerly ranged from Tanganyika to the Cape, 

now mainly confined to the Kalahari Desert (Art. Bush- 
men). 

IV. HoiTENTors (Khoi-Khoin) : — 

Navuiqua, Great and Little Namaqualand. 

Koraqxui, Upper Orange and Vaal rivers. 

Griqua, Griqualand Plost. 

Gonaqua, Capo Colony, Eastern Provinces. 

All except the Namaqua are Dutch -Hottentot or Bantu- 
Hottentot half-breeds. 

V. Negritoes : — 


Vanga {Tank) in Egypt from Shade-land beyond Punt (Somali- 
land) 3300 R.C. 

Akkas T 

I Aruwimi and Semliki river valleys. 

Wamhutti J 

1 South Gallaland, Lake Rudolf district, Masai- 
Wandorohos ) 

Bahinga, Middle Sangha, northern tributary, Congo. 

Balwa, Sankuru river, southern tributary, Congo. 

Ahongo, Akoa (Okoa), Okande district, Ogoway basin. 

Ob<yngo, Ashiraland, Ogoway basin. 

Veudpens, Middle Limpopo river. North Transvaal. 

(a. n. K.) 


III. Recent Political History. 


Africa is the last of the continents to be annexed 
by the nations of Euroiie, and the process of annexation 
presents many features which have no parallel in the pre- 
vious history of the relations of the white with the 
coloured races. Until 1875 Europe had concerned herself 
politically mainly with the northern and southern extremi- 


ties of the continent, and with a narrow strip along the 
eastern and western seaboards. There wore vast area.s in 
the interior which were still unexplored, but the explorer 
had penetrated far beyond the limits of EuroiKian jiolitical 
influence, and in 1875 the explorer did not necessarily 
include a bateh of ready-made treaties among his outfit. 
It would bo interesting to discuss the causes which have, 
directly or indirectly, led to the extraordinary causes of 
activity w’hich the Great Powers of Western European 
Europe have displayed in annexing and marking •cUvity, 
out spheres of influonce in the African continent. But 
such an in^^uiry would involve* a review’ of the whole field 
of Eurrqiean i»olitic.s, and it must be sufficient, before pro- 
ceeding to a recapitulation of the steps by w’hich Europe 
has absorbed Afi'ica, to indicate one or two of the main 
factors in the situation. Tile Franco-Gennan W’ar of 1870 
must be regarded as the real st.irting-]>oint in the move- 
ment. From that war Germany emi'rged strong and 
united, eager for new worlds to conquer. France, after 
the first shock of despair had passed away, began to de- 
volo]) fresh stores of reserve* energy, and her statesmen 
and people, half unconsciously at first, but later of set 
design, sought to find outside Europe compensation for 
her lost provinces on the Rhine. France aiKl Germany 
w’ere both, therefore, ripe for a policy of colonial ex})an- 
sion, and a rapid survey of the land-masses of the globe 
made it clear that Africa, alone among the continents, 
offered adequate opportunities for satisfying this new-born 
land hunger. France still possessed some remnants of 
her former colonial possessions, and in Northern Africa, 
and on the Atlantic seaboard, had a firm foothold on the 
continent. Germany was entirely without colonies, either 
in Africa or elsew’here. The mure temperate regions of 
the earth liad already been acquired by the colonizing 
Powers that w’cre earlier in the field, and the more acces- 
sible parts of the trojiics had also been earmarked aa 
British, Dutch, Spanish, or Portuguese. Africa alone, 
therefore, offered any large field for the resuscitated 
energies of France, or the virgin activities of Germany , 
and the history of the modern ]»artition of Africa is mainly 
a record of the struggles of these tw o Powers and of Great 
Britain to secure for themselves as large a share as pos- 
sible of the continent. The part played by Leopold II., 
King of the Belgians, in the founding of the Congo Free 
State, and in the ojiening up of the continent to the 
political influence of Eurojie, fuinishes a remarkable 
episode in that history ; but France, Germany, and Great 
Brihiin arc the })rincipal actors in the drama, and in follow- 
ing the various stages in the w’oik of partition it is neces- 
sary, for a proper understanding oi the part which each 
of these three Powers j>Uycd, to icmember that France 
was the first consciously to recognize the magnitude of the 
undertaking and the need for speed in its accornplishnieut ; 
that, in Germany, J^rince Bi.srnarck, at the instigation of 
a small but influential body of “Kolonial-Mcnschen,” 
took the first steps in the direction of colonial expansion, 
not only in advance of German public opinion, but before 
other countries, or at least Great Britain, had realized 
that Germany w’as seriously entering the lists as a colonial 
Power; and finally that Great Britain, though more 
favourably placed than either of her rivals, was, from a 
variety of causes, the last to realize the need for action 
and the urgency of the situation. 

The ])osition of Great Britain requires a few words of 
explanation. She w’as already in pos.scssion of a vast 
colonial empire, wddely distribuU*d over the globe. It 
was a favourite conception of the public men of the middle 
half of the 19th century that colonies were quite as much 
a burden as a blessing, and that, at no very remote period, 
the young communities w'hich had settled in distant lands 
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UTMlor the British flag would shake themselves free from 
the control of the mother-country, and begin an indeiHsnd- 
ent existence, as soon as they felt themselves able to 
walk alone. There was a strong disinclination to increase 
Great Britain's commitments abroad, and in Africa the 
repeated solicitations of native kings and chiefs in the 
neighbourhood of British settlements, to Iw taken under 
British protection, wore rejectcnl in pursuance* of a dcj- 
liborately adojited jxjlicy. In 18(55 a strong re]>resenta- 
tive committee of the House of Commons unanimously 
resolved “that all further extension of territory or as- 
sumption of government, or new treaty otfenng any jiro- 
tectioTj to native tribes, would be inex]»edieiit.” But 
while the overtures of native kings were reject(*d, the fact 
that tlic'y were made, coupled with the further fact that 
the exploration of tlie continent had been mainly under- 
taken by Britisli subjects, or under British ausjiices, gave 
rise to the feiiliiig that, in some not very cleai ly defined 
way, Great Britain had a sort of vague claim over regions, 
which, if they were not British, were not claimed by any 
other Kuro|K}aii Power. It was not until France liad 
fairly entered on her career of annexation in AVest Africa, 
and Genminy had entereil the field, that the British 
Government and thi^ British public awoke t(^ tla* conscious- 
ness of the fact that there was no time to bi* lost if Great 
Britain was to lake hi‘r ])art in tin* “scramble.” 

A brief survey of the jiolitical situation, and of tho 
position of the Kurojiean J*ovver.s in A Inca, at the begiii- 
Thepoal- ^^hig of th<* last qinirter of the 1 9th century, 
Hon to will form a tilting jirelude to tin* history of the 
iS7S, modern partition ol the contincnl In 1875 

Egypt was under the rule ol Jshmail l*asha, who had, two 
years before*, l)(*<*n gran ten] by tlie* Sultan tlie right ol con- 
cluding treaties wnth foreign Powers aiiel of maintaining 
armies. The Khedive’s troops had by this tinu* jmshed 
their way soutliwaids along the Nile* valley, and liad 
established Egyptian rule* in Darfur and Korelofan, while 
Egyptian inlluene*(* may be said to have exteiide'd right up 
to the Albert Nyanza, Tripoli was then, as iiow^, a pro- 
vince of the Turkish e*mj)ire. More)ce*o, tlie*n as now', was 
an inde]»eneii*nt state*, while* Algeria, whie’li luiel be»cn con- 
quereel by F raiice in the seceind ejuarter eif the century, 
hiid beem for leiur years unde*r civil aelmiiiistration so far 
as the coast re*gious were cemceTiu'd, though military rule 
was still maintaiiie*(l in the* inteu'ior, and the Saharan tribes 
did not re'cognize Freiicli authority in any form. On the 
west coast France liad, since the 17th century, been 
settled at the* moutli of tho Smiegal river, and had made 
successive advanci»s into the interior tow’ards th(* valley of 
tho Tipper Niger On the coast her influeuce was recog- 
nized by tri'aty, from C^ipu ]51anco to th(* British s(*ttle- 
meiits on tin* (jranilna, and a considerable rt*gion had be(*n 
brought under somt* sort administrative control. Below 
tho (Gambia Trance tijiiclu'd the coast again at Casaiiiance, 
and had extended her inlliKMice for some distance* towards 
the intt*rior. On th(^ Ivory CViast Fj*arice liad ac(|uired 
vague rights, w'hich were turned to good account in the 
subsequent scrambK* at Grand Jiassam and Assiiiie, but 
in 1875 she had taken no jiractical sti*ps to occupy and 
administer even these isolaU d points. The same observa- 
tion applies to Porto Novo, wliere France had acijmred 
some sort of footing which enabled her to lay the founda- 
tion of her present colony of Dahomey. Farther dowm 
the coast the French had establishments at the estuary of 
the Gabuii and on the Ogowe river, but M. Savorgnan do 
Brazza had not yet Uigun tlui work of founding the French 
Congo Colony. Save for tin* islands of Kemiiou, St 
Marie, Mayotte, and Nossi-Be, and for the port of Obok, 
near the southern entrance to tlie Bed Sea — ^^vhich had 
been acquired by purchase in 1862, though it was not 
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effectively occupied till 1883 — this exhausts the list of 
French {lossessions in Africa in 1875, 

Spanish ^lossesBions in Africa at the same date con- 
sisted of the Canary Islands, an old fort on the Bio 
d’Oro, — on the ownership of which Siiain subsequently 
l)ased claims to the stretch of coast between the southern 
limits of Morocco and France’s Senegambian possessions, 
extending from Cape Bojador to Cape Blanco, a distance 
of some 500 miles, — the island of Fernando Po in the Gulf 
of Guinea, and a small strip of territory on the banks of 
tho Muni river, which was also claimed by France. 

The position of Portugal in Africa in 1875 is very diffi- 
cult to define. Tho glorious record of the Portuguese in 
the exploration of th(j continent cannot be r(*capitulatod 
here. But on the strength of her achievements in the 
{Mist Portugal put forward claims which were as vague as 
they were extensive, and which tJu*. other European Powers 
interested in Africa firmly r(*fu8ed to recognize. Compared 
with tho claims which she subseipiently made, the area of 
African ti*rritory which was actuiilly administered by 
Portugal ill 1875 was ludicrously small. Apart from her 
island possessions Portugal had a small settlement on the 
Guinea Coast, south of the French setth'inont of Casa- 
mance, another small settUiment at Kabinda, north of the 
estuary of the Congo, aud more extensive^ possessions 
south of that river, constituting the ]iroviiices of Loauda, 
Benguela, and Mossamedes. On tlie east of the continent 
the Portuguese^ were settled at Sofala, Mozambiipie, and 
other parts of the coast, but their administration was sunk 
in lethargy, and it is impossible to siiy, with any approach 
to accuracy, what were the limits within which they 
exorcised any efF(*ctive supervision. It was, however, in 
1875 that Marshal MacMahon, tlu^ then Presid(‘nt of the 
French Republic, settled this long-standing dispute between 
(ilreat Britain and I’ortugal for the possession of Delagoa 
Bay in favour of the lattc»r Power. 

in 1875 Great Britain was without question, both as 
regards thi* area and the importance of her possessions, the 
Jtlurojieau Power most considerably iTiterest(*d in Africa. 
But her interestvS were not confined to territorial rights. 
British explorers, missionaries, and traders had established 
British “mliueiice” iii various regions of tho continent, 
without obtaining, and in some cases without seeking, 
Government sanction. For this a^iparent slackniiss in 
regularizing British interests by formal i*ngagomeiits there 
were two reasons. In the first place the home Govern- 
ment, acting in jiursuance of tho resolution of 1865, was 
unwilling to extend the area of its obligations; and in 
the second place, except in AVest Africa, wh(*re Franco 
had shown considerable activity, little or no fear was 
eiitertiiined of the com])etitiou of other European Powers. 
Native chiefs, in many jiarts of the continent which are 
now included in non-British sjiheres of infl nonce, petitioned 
for British jirotection ; but their requests were refused, 
jiartly because of an unwillingness to extend responsibili- 
ties beyond the coast, and partly because it was assumed 
that (jire^it Britain could at any moment take formal jios- 
sessioii, sliould it suit her purpose to do so. In this 
way British influence “ predominated ” on tho Niger and 
in tho Sultanate of Zanzibar, but in neither case had that 
predominating influence found formal expression, and 
when the scramble suddenly began, intruding rivals forced 
Gieat Britain to defend her position, which she was only 
able to make good by considerable sacrifices. At the 
beginning of the last quarter of tho 19th century Great 
Britain had in fact no recognized footing on the eastern 
mainland of the African eontin(3nt north of Natal, the 
area of which colony was at that jieriod (estimated at 
less than 12,000 square miles. To tho north of Natal, 
along tho coast, Zululand was still independent. South 
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of Natal, Pondoland was also independent, and there were 
other isolated patches of territory which had not been 
brought under British rule ; but with these comparatively 
unimportant exceptions the whole of the southern end of 
the continent, up to the Orange river and th(j Orange 
Free State, was British. Basutoland had btjen annexed 
in 1868, and three years later had been added to Cape 
Colony. In 1875 the estimated area of Capo Colony, in- 
cluding British Kaffraria and Basutoland, was 201,000 
square miles. Between the Orange river and the Vaal 
was the Orange Free State, and farther to the north the 
Transvaal was still an indoiKmdent republic. On the 
west coast of Africa Great Britain's ymssessions were little 
more than coast settlements, with more or less ill defitied 
relations with the tribes of the interior, established for 
purposes of trade rather than of administration. Passing 
up the west coast from the Orange river, the first British 
territory reached was, in 1875, the Gold Coast Colony, 
which included the island of Lagos and a strip of the ad- 
jacent coast land, as well as the British settlements on the 
Gold Coast pro])er. Four years previously, in 1871, the 
possessions of Great Britain on the coast had lieen 
extended by the transfer, for a money consideration, of 
the Dutch scjttlemeiits tf) Great Britain, but even so 
British authority did not extend any considerable distance 
from the coast, and the whole area of the Gold Coast 1 
settlements projicr was roughly estimated at some 6000 | 
squarc miles. Still farther round the coast was the then 
still smaller colony of Sierra Leone, and still farther to 
the north was the last of the West African settlements, on 
the Gambia river, at that time cstiixiaied to have an area 
of only 21 square miles. 

Neither Germany nor Italy had at this time set foot 
on the continent, nor had the Congo Free State begun to 
take Bhax)e in the nund of its founder. Besides tlie iiidcj- 
pendont states already named, there were Abyssinia in the 
north-east ; the Sultanate of Zanzibar on tlu» east coast, 
including the islands of Zanzilmr and Pt‘ml>a, and a large 
tract of territory on the mainland with no very clearly 
deliued boundaries ; and on the west coast tlie negro 
rc])ublic of Liberia, which luul been established in 1820 
as an experiment by the Washington Colonization Society, 
and had been recognized as an iiidcjieudent state by the 
European Powers in 1817. 

Such, ill brief outline, was the political condition of 
Africa in 1875. Jn the interior, much of which was 
either wholly unknown or but very im]»erfectly known to 
Euroyieaiis, therii were considerable native kingdoms, but 
the materials for fixing their limits at any given moment 
are extremely scanty, and in dealing with the partition of 
Africa among the Powers of Eurojie it is unnecessary to 
attempt to dtjscribe the political condition of the interior 
of the continent. It may, however, be useful lief ore i)ro- 
ceeding further to atteini)t to tabulate the political 
position in continental Africa in 1875, for the purpose of 
comparison with the subsequent table showing the jiar- 
tition of the continent in 1900. Jt must be borne in 
mind that the figures giveu are in almost all cases 
approximate, and have little positive value in them- 
selves : — 

Position in 1875. 


Cheat Bhitain— 

Area lu sq. Miles. 

Cape Colony 

. 201,000 

Onqualand West .... 

. 17,800 

Natal ... . . 

. 11,172 

La^s 

Gold Coast . . . . 

5.000 

6.000 

Sierra Leoiio . . . . 

468 

Gambia ... 

21 

Total British Africa . 

. . 241,461 
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France — 

Algeria 

ScDogazubia 

Guinea Coast and (labun 

Area in aq. rnilea. 

. l.'50,500 
. 10,000 
7,750 

Total Fiviieh Afiica . 

. 1J>K,2.^0 

PoIlTUOAT. - 

Scnoganibia and Cuinea 

Angola .... 

Mozambique . . . . 

1,687 

14.700 

18,000 

Tt)tal Portuguese Africa . 

. 31,387 

Sp\ix - 

Ceuta, Ac., 

Mum nvei betilciuciils . 

3 

8.50 

1'otal Spanish Atiica 

853 

Nox-Euio n*LAS S'l atks — 

Trans\ aal 

Oiangii Free State . 

Liberia ... . . 

Eg^pt and Sudan . 

Tunis . . . . 

Moroeeo 

. 110,000 
4Ji,000 
. * 14,300 
. 1,400,250 
. 42,000 

. 210,000 

Abyasiiiia \ 

Zanzilmi j ‘ ' 

. !No cstiniato. 


Many circumstances had combined t»>arousf» the interest 
of Knro]Hi in the hitherto neglected continent of Africa. 
Narratives of travel by such iiK^n as llebmaiin, Kra])f, 
Burton, S])eke and Grant, Schweinfnrth, Nacbtigal, 
JjivingstoiK‘, and Stanley, had stiinulak'd interest outside 
geographical circU‘s. Livingste>ne’s tiagie death in the 
ht^art of the continent, and Slaiihy’s letters from Uganda, 
\\hcr(^ he arrived in April 1875, had aroused the enthu- 
siasm of the missionary societii*s, while the importance of 
finding new markets was turning the thoughts of the 
manufacturing and trading classes to the possibility of 
Africa as a centre of eomniercial enter] >iis(\ The i»sycho- 
logical moment had arrived, and witli it the man who was 
to shajx? thest' inchoate forces to a definite (*nd. Leo]K»ld, 
King of the Belgians, thi‘ sovereign of one of 
the smallest states of Euroju*, found in the poidsna 
narrow limits of Lis kingdom an insuflicient theBrusxelM 
field for his resth'ss eutTgies and ambitions. Coafereace, 
He had travelled in the J’ar East, and h.ul 
enbTtained thoughts of founding a colony in that jiart of 
the world. But Africa fascinaU'tl him as it did so many 
less distinguished personages. The vast area of the almost 
virgin continent uflered an ai»j)arently illinntfible field, 
both for scientific (‘X])! oration and for commercial develop- 
ment; and in SeptembiT 1876 King Leopold took what 
may he described as the first detinite stej) in the modern 
])artition of the continent. Hi* summoned to a conference 
at Brussels rt‘})reseiitiitives of Great Britain, Belgium, 
France, Germany, Austria-Hungary, Italy, and Bussia, to 
deliberate on the best methods to be adopted for the 
exploration and civilization of Afn«i, and the o))eniug up 
of the interior of tlie continent to commerce and industry. 
The conference was entirely unoftieial. The delegates who 
attended neither represen tt‘d imr pledged their resiiective 
Governments. Their deliberations lasted three days, and 
resulted in the foundation of “ The liitiTiiational African 
Association,” with its headquarti*rs at Brussels. Jt was 
further resolved to establish national committees in the 
various countries rtqireseiitc'il, which should eolJi'ct funds 
and ajipoint delegates to the JnbTnational Association. 
The central idea ap]>ears to have been to put the exidora- 
tion and developiin'iit of Africa upon an intiTnatioiial 
footing. But it quickly became apparent that this was an 
unattainable ideal. The national committees were soon 
working indciiendently of the International Association, 
and the Association itself passed through a succession of 
stages until it became purely Belgian in character, and 
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at last developed into the Congo Free State, under the 
liersonal sovereignty of King Ijcopold. At first the Asso- 
ciation devoted itself to sending ex][)editions to the great 
central lakes from the east coast ; but failure, more or less 
complete, attended its efforts in this direction, and it was 
not until the return of Stanh^y from his great journey 
down the Congo in January 1878, that its ruling spirit, 
King Leopold, definitely turned his thoughts towards the 
Congo. Jn Jun(5 of that year, Mr Stanley visited the 
king at Brussels, and in the following November a private 
conference was held, and a committee was appointed for 
the investigation pf the Upptir Congo. 

Mr Stanley’s remarkable discovery had stirred ambition 
in other capitals than Brussels. Frana* hiid always taken 
a keen interest in West Africa, and in the years 
^ 1878 M. Savorgnan de Brazza had 
Coago. carried out a successful exploration of the Ogowe 
river to the south of the Gabun. M. de Brazza 
determined that the Ogow6 did not offer that great water- 
way into the interior of which he was in search, and he 
returned to Eurojje without having heard of the discoveries 
of Mr Stanley farther south. Naturally, however, Mr 
Stanley’s discoveries were keenly followed in France. In 
Portugal, too, the discovery of the Congo with its magni- 
ficent unbroken waterway of more than a thousand miles 
into the heart of the cjontinent, served to revive the 
languid energies of the Portuguese, who promptly began 
to furbish up claims whose age was in inverse ratio to 
their validity. Claims, annexations, and occupations were 
in the air, and when in January 1879, Mr Stanley left 
Europe as the accredited agent of King Leopold and the 
Congo committee, the strictest secrecy was observed as to 
his real aims and intentions. The expedition was, it was 
alleged, proceeuling up the (bngo to assist the Bcdgian 
expedition which had entt^red from the east coast, and Mr 
Stanley himself went first to Zanzibar. But in August 
1879 Mr Stanley found himself again at Banana Point, at 
the mouth of the Congo, with, as he himself has written, 
“ the novel mission of sowing along its banks civilizc»d 
settlements to ]»eacefully conquer and subdue it, to re- 
mould it in hiirinony with mod(’m ideas into national 
states, within whose limits the European merchant shall 
go hand in hand with the dark African trader, and justice 
and law and order shall prevail, and murder and lawless- 
ness and the crin^l barter of slaves shall be overcome.” 
The irony of hunuin aspirations was never perhaps more 
plainly demonstrated tlian in the contrast between the 
ideal thus set before themselves by those who employed 
Mr Stanley, and the actual results of their intervention in 
Africa. Mr Stanley founded his first station at Vivi, 
between the mouth of the Congo and the rapids that 
obstruct its course where it bn^aks over the western edge 
of the central continental plateau. Above the rapids he 
established a station on BUnlcy Pool and named it Leo- 
poldville, founding other stations on the main stream in 
the direction of the falls that bear his name. 

Meanwhile M. de Brazzii was far from idle. He had 
returned to Africa towards the end of the same year which 
saw Stanley back on the Congo, and while the 
agents of King Leoj)old were making treaties 
and founding stations along the southern bank 
of the river, M. de Brazza and other French agents were 
equally busy on the northern bank. M. de Brazza was 
sent out to Africa by the French committee of the Inter- 
national African Association, which ))rovided him with 
the funds for the expedition. His avowed object was 
to explore the region l^tween the Gabun and Lake Chad. 
But there is not much doubt that his real object was to 
anticipate Mr Stanley on the Congo. The international 
character of the association founded by JGng Leo|>old 
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was never more than a polite fiction, and .the rivalry 
between the French and the Belgians on the Congo was 
soon open if not avowed. In October 1880 M. de Brazza 
made a solemn treaty with a chief on the north bank of 
the Congo, who claimed that his authority extended over 
a large area, including territory on the southern bank of 
the river. As soon as this chief had accepted French 
protection, M. de Brazza crossed over to the south of the 
river, and founded a station close to the present site of 
Leopoldville. The discovery of the French station by 
Mr Stanley naturally annoyed King Leopold’s agent, and 
he promptly challenged the rights of the chief who pur- 
ported to have placed the country under French protection, 
and himself founded a Belgian station close to the site 
selected by M. de Brazza. In the result, the French 
station was withdrawn to the northern side of Stanley 
Pool, where it is now known as Brazzaville. 

The activity of French and Belgian agents in the 
Congo had not passed unnoticed in Lisbon, and the 
I Pfirtuguese Government saw that no time was 
to be lost if the claims it had never ceased 
to put forward on the west coast were not 
to go by default. At varying jjeriods during the 19th 
century Portugal had put forward claims to the whole 
of the West African coast, between 5® 12' and 8® south 
latitude. North of the Congo mouth, she claimed the 
territories of Kabinda and Molemba, alleging that they 
had been in her possession since 1484. Great Britain 
had never, however, admitted this claim, and south of the 
Congo had declined to recognize Portuguese possessions 
as extending north of Ambriz. In 1856 orders were given 
to British cruisers to prevent by force any attempt to 
extend Portuguese dominion north of that jilace. But 
the Portuguese had been persistent in urging their claims, 
and in 1882 negotiations were again opened with the 
British Government for recognition of Portuguese rights 
ovcjr both banks of the Congo on the coast, and for some 
distance inland. Into the details of the negotiations, 
which were conducted for Great Britain by Lord Gran- 
ville, who was then Secretary for Foreign Affairs, it is 
unnecessary to enter ; they resulte'd in the signing on the 
26th February 1884 of an agreement, by which Great 
Britain rc'cognized the sovereignty of the? king of Portugal 
“over that part of the west coast of Africa, situated 
between S'* and 5® 12' south latitude,” and inland as far 
as Nokki, on the south bank of the Congo, below Vivi. 
The navigation of the Congo was to be controlled by an 
Anglo-Portuguese commission. The publication of this 
treaty evoked immediate protests, not only on the Conti- 
nent, but in Great Britain. In face of the universal 
disapproval aroused by the agreement. Lord Granville 
found himself unable to ratify it. The protests had not 
been confined to France and the King of the Belgians. 
Germany had not yet acquired formal footing in Africa, 
but she was crouching for the s]>ring prior to taking 
her part in the scramble, and Prince Bismarck had ex- 
pressed, in vigorous language, the objections entertained 
by Germany to the Anglo-Portuguese agreement. 

For some time before 1 884 there had been growing up 
a general conviction that it would be desirable, for the 
Powers who were interesting themselves in Africa, to 
come to some agreement as to “ the rules of the game,” 
and to define their resp(?ctive interests so far as that was 
practicable. Lord Granville’s ill -fared treaty brought 
this sentiment to a head, and it was agreed to hold an 
international conference on African affairs. But before 
discussing the Berlin Conference of 1884-85, it will bo 
well to see what was the position, on the eve of the 
conference, in other parts of the Aifrican continent. In 
the southern section of Africa, south of the IZambczi, 
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important events bad been happening. In 1876 Great 
Britain had concluded an agreement with the Orange 
Oiwit ^ustment of frontiers, the 

Biitminin result of which was to leave the Kimberley 
South diamond fields in British territoiy, in exchange 
AMem. 0^ payment of JB90,000 to the Orange Free 
State. On the 12th April 1877, Sir Thcophilus Shepstone 
had issued a proclamation declaring the Transvaal —the 
South African Republic, as it was formerly designated — 
to be British territory. (See Transvaal.) On the 29th 
September 1879, Sir Garnet Wolsoley, the commander-in- 
chief in South Africa, issued another proclamation, declar- 
ing the Transvaal to be for ever an integral |)ortion of 
the British dominions in South Africa. In DecemlK»r 
1880 war broke out, and lasted until March 1881, when 
a treaty of peace was signed. This treaty of peace was 
followed by a convention, signed in August of the same 
year, under which complete self-government was giiarantei‘d 
to the inhabitants of the Transvaal, subject to the 
suzerainty of Great Britain, upon certain terms and 
conditions and subject to certain reservations and limit- 
ations. No sooner was the convention signed than it 
became the object of the Boers to obtain a modification 
of the conditions and limitations im^wsed, and in February 
1884 a fresh convention was signed, amending the con- 
vention of 1881. Article IV. of the new convention 
provided that “ The South African Republic will conclude 
no treaty or engagement with any state or nation other 
than the Orange Free State, nor with any native tribe to 
the eastward or westward of the Republic, until the same 
has been approved by Her Majesty the Queen.” The 
precise elFect of the two conventions has been the occasion 
for interminable discussions, but as the subject is now one 
of merely academic interest, it is sufficient to say that 
when the Berlin Conference held its first meeting in 1 884 
the Transvaal was practically independent, so far as its 
internal administration was concerned, while its foreign 
relations were subject to the control just quoted. As 
early as 1875, in a protocol attached to a treaty of friend- 
ship, commerce, and boundaries, between the Transvaal and 
Portugal, an agreement had lx;en made for the construction 
of a line between Delagoa Bay and Pretoria ; and in 1884 
a further agreement was made lx?tween the same jw-rties 
to the same effect, both agreements receiving the sanction 
of Queen Victoria as suzerain. 

But although the Transvaal had thus, between the 
years 1875-84, become and ceased to be British territory, 
British influence in other parts of Africa south of the 
Zambezi had been steadily extended. To the west of the 
Orange Free State, Griqualand West was annexed to the 
OajKs in 1877, while to the east the territories beyond 
the Kei river wore included in Ca|H» Colony between 1877 
and 1884, so that in the lattiir year, with the exception 
of Pondoland, the whole of South-East Africa up to Natal 
was in one form or another under British control. North 
of Natal, Zululand was not actually annexed until 1887, 
although since the 1879 war, and the restoration of 
Cetewayo in 1882, British influence had been admittedly 
supreme. In December 1884 St Lucia Bay had been 
proclaimed a British possession, and three years later an 
agreement of non-cession to foreign powers made by Great 
Britain with the regent and jjaramount chief of Tonga- 
land, completed the chain of British possessions on tho 
coast of South Africa, from the mouth of the Orange 
river on the west to Kosi Bay and the Portuguese 
frontier on the east. In the interior of South Africa, 
the year 1884 witnessed the beginning of that final stage 
of the British advance towards the north which was 
eventually to extend British influence from the Cai^e to 
the southern shores of Lake Tanganyika. The activity of 
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the Germans on the west, and of the Boer republic on the 
east, h^ brought home to both the imjierial and colonial 
authorities the impossibility of relying on vague tradi- 
tional claims. In May 1884 treaties were made with 
native chiefs by which the whole of the country north of 
Cape Colony, west of the Transvaal, south of 22“ S. latitude, 
and east of 20" E. longitude was placed undiT British 
protection, though a protectorate was not formally declared 
until the following January. The southern portion of this 
newly-acquin'd territory up to the Molopo river was in 
September 1875, under the name of British Bechuanaland, 
placed under the jurisdiction of the governor of Cai)e 
Colony, while the territory north of the Molopo river and 
south of 22" S. latitude, which included Khama’s country, 
Bathoen’a country, Sebele’s country, and the Kalahari 
desert, was at the same time declared a British protec- 
torate, the local administration being left in the hands of 
the native chiefs. 

Meanwhile some very interesting events had been 
taking place on the west coast, north of the Orange 
river, and south of the Portuguese i)rovince of aonaaay 
Mossamedes. In Germany a variety of circum- la South- 
stances had conspired to turn the thoughts of ^••t 
both the rulers and the ruled towards the 
acquisition of territories overseas, where German colonists 
could settle under the German flag. It must be suffi- 
cient here to touch very briefly on the events that 
preceded the foundation of what is now the colony of 
German South-West Africa. For many years j)rior to 
1 884, German missionaries had settled among the Damaras 
and Namaquas, oftem combining small trading ojjerations 
with their missionary work. From time to time trouble 
arose between the missionaries and the native chiefs, and 
appeals were made to the German Government for 
protc^ction. The German Government in its turn begged 
the British Government to say wht'ther it assumed ri'sponsi- 
bility for the protection of Europeans in Daniaraland and 
Namaqualand. The ])osition of tht^ British Gov(‘rnment 
was intelligible, if not very intelligent. It did not desire 
to see any other European Power in these countries, and 
it did not want to assume the re.sjjonsibility and incur 
the exjxinse of protecting the few Eurojieans .mettled there. 
Sir Bartle Frere, when Governor of the Cape (1877-81), 
had foreseen that this attitude portended trouble, and had 
urged that the whole of the unoccupied coast-line, uj> to 
the Portuguese frontier, should be declared under British 
protection. But he preached to deaf cars, and it was as 
something of a concession to him that in March 1878 
the British flag was hoisted at Walfisch Bay, and the 
country for a radius of 15 miles was declared to be 
British. The fact ajqiears to be that British statesmen 
failed to understand the change that had come over 
Germany. They lielieved that Prince Bismarck would 
never give his sanction to the creation of a colonial empire, 
and, to the German inquiries as to what rights Great 
Britain claimed in Damamland and Namaqualand, pro- 
crastinating replies were sent. Meanwhile the various 
colonial societies established in Germany had effected a 
revolution in jmblic opinitm, and, more imiJOiiant still, 
they had convinced the great Chancellor. Accordingly 
when, in November 1882, Herr Luderitz, a Bremen 
merchant, informed the German Government of his inten- 
tion to establish a factory on the coast between the Orange 
river'^ and the Little Fish river, and asked if he might 
rely on the protection of his Government in ca.se of need, 
ho met with no discouragement from Prince^ Bismarck. 
In February 1883 the German ambassador in London 
informed Lord Granville of Herr Luderitz’s design, and 
asked “ whether Her Muiiesty’s Government exercise any 
authority in that locality.” It was intimated that if Her 
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Majest 3 ^s Government did not, the German Government 
would extend to Herr Luderitr/s factory “the same 
measure of ])rotertion which they give to their subjects in 
remote })arts of the world, but without having the least 
design to establish any footing in South Africa.” An 
inconclusive reply was s(»nt, and on the 9th April Herr 
Luderitz’s agent landed at Aiigra Pequeha, and after a 
short delay concluded a treaty with the local chief, by 
which some 215 sfpuire miles around Angra Pequeha Bay 
woHi ceded to Herr Luderitz. In England and at the 
Cape irritation at the news was mingled with incredulity, 
and it was fully antici])ated that Ilerr Lud(‘ritz would be 
disavowed by his (Jovernment. But for this Iw^lief, it can 
scarcely bi* tloubted tlnit the rest of the unoccuj»ied coiist- 
line would have been promptly declared under British 
protection. In the month of August tin* Gc'rman 
Government intimated to their consular re])resentative at 
the Capo their prtqiarodness to take Ilerr Luderitz’s 
concessions under the protection of the Imperial Govern- 
ment. In November the German ttinbass!uh)r again 
in(piired if Great Britain made any claim over this coiist, 
and Lord Granville replied that Her Majesty ex<‘rcised 
sovereignty only ovrr certiiin jiarts of the coast, as at 
Walfisch Bay, and suggested tluit arr.ing(;in(‘nts might 1 k' 
made by which Oijrmany might assist in tin* setthnnmit of 
Angra Pequeha. By this time IbuT Lud(*ritz had extended 
his acipiisitions south wanls t(> the ()rang(‘ nvei, which had 
been declared by tin* British Gov ‘rnineiit to be the 
northern frontier of Gaju* Colony Both at the CajK*- and 
in hhigland it was now i(*ali/i'(i tlial Germany had broken 
away from Jier formei jnirely roiitineiiUl }»oIic>, and, when 
too late, the (^ipe pailiaun nt showed gieat eagerness to 
acquire the h'rritory wdiich inwl lam so Jong at its very 
doors, to be had foi the taking. It is not ni‘C(*ssai*y to 
follow the course of the snbsccjuent n«*goliations. On the 
Ibth August 1881 an olHeud note w’as a<ldres.sed by the 
German consul at (Up(‘town to the High Comimssioner, 
intimating that llu* (h'rnun hhnpeior had by ]>ioclainatiou 
taken “tho territory Ixdongmg to Mr A. Ludi*ritz on the 
west coast of Africa undt'r tlu‘ direct protirtion of IIis 
Majesty.” Tins ])i(»cIamatioii coveri*d tin* coast line from 
th<* north hank of the Oiiinge river to 2(1 B. lati- 
tude, and 20 geograjiliie.d miles inland, including “the 
islands belonging thereto by iJie law oi nations.” On the 
8th of the following month — Bv}»teinbi'r 1881 — the 
German GovernnuMit mtiiiiaUxl to Her Majesty’s Govern- 
ment, “that the west coast (»f Africa horn 2b S. latitude 
to Ca|K} Frio, excepting W^ilfisi-h Ba}^ had Imhui ]»lac(*d 
under the protection ot tlie German Eiu|MTor.” Tims, 
before the end of the year 1884, the ioiiiidatioiis of 
Germany’s colonial empire had l>ceii laid m South-West 
Africa. 

In April of that y<*ar Prince Bismarck intimated to the 
British Governnimit, through th«' (h‘rmaii charge (raffiures 
in London, that “the Imperial consul-gfueral, 
AMcm. Nachtigal, li.is been commissioned by my 

Governnu'iit to visit tin* w(*st coast of Afrie 4 i in 
tho course of the iu‘\t fiwv months, in ordiT to c<»mplete 
the information now' in tho isissessicm of tlie Foreign 
Cilice at Berlin, on the state of ( h'rman comnierc<* on that 
coast. With this object Dr Nacliliga.1 will shortly embark 
at Lisbon, on board th(» gunboat Mowe, He will jmt him- 
self into communication witli the authorities in the British 
pos.sessions on tin? said coast, aiul is authorized to conduct, 
on behalf of the Iiuiierial Government, negotiations con- 
nected with certain questions. J venture,” the official 
comma niciiti on proceeds, “ in accordance with my instruc- 
tions, to beg your excelliuicy to bi* so good as to cause the 
authorities in the British possessions in West Africa to be 
furnished with suitable recommendations.” Although at 


[histoky 

the date of this communication it must have been apparent, 
from what was happening in South Africa, that Germany 
was prejiared to enter on a policy of colonial ex|)ansion, 
and although the wording of the letter was studiously 
vague, it doi's not seem to have occurred to the British 
Government that the real object of Dr Nachtigal’s journey 
was to make other annexations on tho west coast. Yet 
such was indeed his mission. German traders and mission- 
aries had been yiarticularly active of late years on the coast 
of the Gulf of Guinea. German factories were dotted all 
along the coast in districts under British protection, under 
French protection, and under the definite protection of no 
Eurojiean Powder at all. It was to these latter places that 
Dr Nachtigal turned his attention. The net result of his 
o|>eration8 was that on the 5th July 1884 a treaty was 
signed with the king of Togo, jilacing his country under 
Gi?rman jirotection, and that just one week later a 
German yiroti'ctorate was yiroclairaed over the whole of 
the C^Jameroon district. Before either of these events 
had occurred Great Britain had become alive to the fact 
that she could no longer dally with the subject, if she 
desired to consolidate her yiossessions in West Africa. 
The British Oovorniiumt had again and again refused to 
accord native chiefs the protection they d(»manded. Tho 
Cameroon chiefs had several times asked for British 
]>rott»ction, and always in vain. But at last it became 
ai>yiari‘nt, evmi to the official mind, that rajiid changes 
W'ere being effected in Africa, and on the IGtli May Consul 
llewett receiv(‘d instructions to return to the west coast 
and to make aiTangements for (ixtending British yirotec- 
tion over certain regions. Ho arrived too late to save 
either Togoland or CainiTOon, in the latter ease arriv- 
ing five days after King Bell and the otli(*r chu‘fs on 
till* riv(»r had signed treaties with Dr Nachtigal. But 
tht» British consul was in time to secure the* delta of the 
river Niger and the Oil liiviTs District, extending from 
Bio del Bey to the Lagos frontier, where for a long 
y>en(Kl Britisli tradiTs liad held almost a monofioly of the 
tradt*. Meanwhile France, too, had bt^en busy treaty- 
making. During the year 1884 no less than forty -two 
tivatii»s weri* concluded with native chi(*fs, an even larger 
number having been eoneliided in the yirevious twelve 
months. While tho British Oovernmont still remained 
under the syiell of the fatal resolution of 1805, the 
French Government was strenuously endeavouring to 
extt*n*l Francis’s inflinmce m West Africa, in tho countries 
lying iKdiind tho coast-lino. In the camyiaigu of 1880-81 
Caj)tain Gallieni advanced as far as Bammako, on the 
UyqKU’ Niger, and other French officials were steadily 
pursuing the yioliey whicli has resulted in surrounding all 
the old British ])ossession8 in West Africa with a con- 
tinuous band of French territory. In 1881 a j>ri*iiminary 
step was taken in a yiroject which, still unrealized, has 
always cxeicistul a strange fascination over that section of 
ymblic oyunion in J’Vance which mostly concerns itself with 
African afiairs. To join France’s jiossessions on the ]\le(li- 
torraiie^ui with her colonies in West Africa, by means of a 
railway is, with many Frenc'hmen, a haunting ambition, 
W(? need not considiT the strategical, yiolitical, and com- 
mercial arguments wliieh are advaneed in favour of tho 
proposed traus-Saharan railway, or discuss the difficulties 
which surround the accomjilishment of this grandiose 
concey>tion. But, in 1881, an expedition was sent from 
Algeria to mak(». a yireliminary survey and report It 
was under the command of Colonel Flatters, and had not 
advanced very far into the desert before it was attacked 
by tlie Tuaregs and nlassacred. 

There was, however, one region on the west coast where, 
notwithstanding the lethargy of the British Govi'minent, 
British interests were being vigorously yjushed, yirotected, 
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and consolidated. This was on the Lower Niger, and the 
leading spirit in the enterprise was Sir Gieorge Taubman 
r* V# C^oldie. After the discovery of the course of 
^ the Lower Niger in 1829 several expeditions had 
been undertaken, both by the British Government and by 
private persons, up the river, but owing to the opy>osi- 
tion of the tribes who acted as middlemen between the 
European .traders on the coast and the native traders in 
the interior, and to the unhealthy climatic conditions, 
very little progress was made in oyiening up cominuuicti- 
tion with the inland tribes. Factories were established on 
the Niger delta and on the Oil Rivers creeks by several 
trading firms, mostly hailing from Liverpool and Glasgow, 
but up to the year 1879 nothing was done to secure joint 
action. In that year the various trading firms on the 
Lower Niger formed themselves into the “ United African 
Company,” and the foundations were laid of something like 
settled administration. An application was made to the 
British Government for a charter in 1881, and the cayatal 
of the comjiany increased to a million sterling. Hence- 
forth the company was known as the “National African 
Company,” and it was acknowledged that its object was 
not only to develop the trade of the Lower Niger, but to 
extend its ojieratioiis to the middle reaches of the river, 
and to oyjen uj) direct relations with the great Fulah 
empire? of Sokoto and the smaller state's associated with 
Sokoto under a somewhat loosely-defined suzerainty. The 
great dt'velopment of trade which followed the combina- 
tion of British interests carried out under the skilful 
guidance of Mr GoUlie-Taubmaii (now Sir George Goldie) 
did not ])ass unnoticed in France, and, encouraged by 
Gambetta, French traders made a bold bid for a position 
on the river. Two l^Vench companies, with amyile capital, 
were formed, and various stations were established on the 
Lower Niger. Sir Gc'orge Goldie rt'alizc'd at once the 
seriousness of the situation, and lost no timi? in declaring 
commercial war on the ni*w couK'rs. His bold tactics 
were entirely successful, and a few days before the meet- 
ing of the Berlin Conferencti he had the satisfaction of 
announcing tliat he had bought out the whole of tin? 
French interests on the river, and that Great Britain alone 
possessed any interests on th(' Lower Niger. 

To complete the survey of the political situation in 
Africa, when the plenipotentiaries met at Berlin, it is 
2 *^^ necessary to refer briefly to the course of 

position In events in North and liast Africa since 1875. 
North and In 1881 the l^Vench army entered Tunis, and 
Bast comyielled the Bey to sign a treaty jdaclng that 

A rica, country under French protection. The 8ultan 
of Turkey formally protested against this invasion of 
Ottoman rights, but the Great Riwers took no action, 
and France was left in undisturlied jiossessiou of her 
newly - acquired territory. In Egypt the joint control 
exercised by Great Britain and France under the Khedival 
decree of lOth November 1879 had broken down, owing 
to the refusal of ]<Vance to join in the sujipression of the 
Arabi Pasha rebellion, and had been abolished by the 
decree of 18th January 1883; since which date? Great 
Britain had assumed a predominant position in Egyptian 
affairs. (See Eoypt.) In East Africa, north of the Portu- 
guese possessions, where the Sultan of Zanzibar was the 
most considerable native potentate, Germany was secretly 
pn'paring the foundations of her j)rosent colony of German 
East Afric-a. But no overt act had warned Europe of what 
was impending. The story of the foundation of German 
East Africa is one of the romances of the continent. 
Early in 1884 the Society for German Colonization was 
founded, with the avowed object of furthering the newly- 
awakened colonial aspirations of the German people. It 
was a society inspired and controlled by young men, and 


I on the 4th November 1884, eleven days before the con- 
ference assembled at Berlin, three young Geimans arrived 
as deck passengers at Zanzibar. They were disguised as 
I mechanics, but wore in fact Dr Carl IVters the yiresidont 
of the Colonization Society, Joachim Count Pfeil, and Dr 
Jtihlke, and their stock-in-trade consisted of a iiuml»er of 
German flags and a supply of blank treaty forms. Th(*y 
proposed to land on the mainland opposite Zanzihir, and 
to conclude treaties in the back country with n.ifivr chiefs 
placing their territorii's under German jirotection. The 
enterprises was frowuied ufion by the German Government; 
but, encouraged by Qeriiiaii resifh'nts at Zanzibar, the 
three young pioneers crossed to the mainland, and on the 
19th November, while the diplomatists asstmiblod at Berlin 
were solemnly discussing the rule.s which were to govern 
the game of partition, the first “treaty” was signed at 
Mbuzini, and the German flag raised for tht* thst time in 
East Africa. 

In the })eriod between 1875 84 Italy had also obtainc'd 
her first footing on the African cnntmenl. By a tieaty 
with the sultan of Assab, chief of the Danakils, signi'd on 
the 15th March 1883 and subseijuently iij»piove(l by the 
King of 8hoa, Ihily obtained the cession ol jiart of Ablis 
(Aussa) on the Bed Sea, Italy undertaking to pioUnt w’lth 
her fleet the Danakil littoral. 

One other event of some inqiortance must further l>e 
recorded as hajipening before the meeting of tlie Beilin 
Conference. The King of the Bi‘lgians had bi’eii driven 
to the conclusion that, if his African (mterprise was to 
obtain any measure of peimanent sui'ct'ss, its intimational 
status must be recognized. To this end negotiations were 
opened with various Governments, The first Govern- 
ment to “ recognize the flag of the IntiTnatioiial Afiiean 
Association as the flag ol a friendly Goveiumi^nt” was 
that of the United States, its declaiation to that efieet 
Ixiaring date the 22nd A]>ril 1884, There were, however, 
difficulties in the w^ay of obtaining the recognition of tlie 
Kurojieaii PowtTs, and in order to obtfiin that of Fra net', 
and while labouring under the feelings of annoyance which 
had been aroused by the Anglo-Portiiguese agreement con- 
cluded by Lord Granville in February, King Jjcojiold, on 
the 23rd April 1884, authorizc'd Colonel Straiich, president 
of the International Association, to engagi* to give Fiance 
“the right of ]ireferenc(» if, through unforeset‘ii circuin- 
stanct's, the Association wen* compelled to sell its poss»*s- 
sions.” Franct*’s formal recognition of the Association as a 
Government was, how^c^ver, delayed by the discussion of 
Ixmndary questions until the follow ing February, and in the 
meantime Germany, Great Britain, Italy, Austiia- Hungary, 
Holland, and )Spaiu had all recognizt'd the Association ; 
though Geniiany alone had done so — on 8th November — 
before the as.s('mbIiTig of the conference. 

The coufereiicx; assembled at Berlin on 15th Novemlxjr 

1884. Its last sitting w’us held on the 30th January 

1885, and the “General Act of the BtTlin 
Coiiferenct* ” was signed by the represeiila- 
tive.s of all the Powers attending the con- 
ference, excejit the United States, on the 24th 
February. The EuroiH.‘aii I\»wers represented were Great 
Britain, Germany, Austria Hungarj’, Bi'lgiuni, Denmark, 
Spain, France, Italy, Holland, J\)riugal, Bussni, Sweden and 
Norway, and Turkey, to name them in tlu* order adopted in 
the prt*‘imble to the General Act, It is unnec(‘ssary to ex- 
amine in detail the results of the labours of the conference. 
The GeniTal Act dealt with six Bjiccific subjects : ( 1 ) freedom 
of trade in the basin of the Congo, (2) the slave trade, (3) 
neutrality of tc*rritorie8 in tht? basin of the Congo, (4) navi- 
gation of the Congo, (5) navigation of the Niger, (6) rules 
for future occupation on the coasts of the African conti- 
nent. It will be seen that the Act dealt with other matters 
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than tho political partition of Africa ; but, so far as they 
concern our present purpose, the results effected by the 
B.^rlin Act may be summed up as follows. The signatory 
Powers undertook that any fjesh act of taking i)osst*ssion 
on any portion of the African coast must be notified by 
the Power taking i>ossession, or assuming a protectorate, 
to the other signatory Powers. It was further provided 
that any such occupation to be valid must be effective. 
It is also noteworthy that th(‘ first reference in an inter- 
national Act of the obligations attaching to “.spheres of 
influence is contained in the Berlin Act. 

The basin of the Congo was defined as “bounded by the 
watersheds (or mountain ridges) of the acyacent liasins, 
namely, in jiarticular those of the Niari, the 
Shari, and the Nile on the north ; 
by the eastern watershed line of th(' affluents of 
Lake Tanganyika on the east ; and by the watersheds of 
the b.isins of the Zambezi and the Log<l* on tho south. It 
therefore comprises all th(' regions watered by the Congo 
and its affluents, including Lake Tanganyika, with its 
eastern tributaries.” In this conventional basin of the 
Congo the trade of all nations was to enjoy complete free- 
dom. But the free trade zone was extended considerably 
beyond the Congo basin. It comprised on the east coast 
the maritime zone, extended from 2" 30' of S. lat. to the 
mouth of the Log6. Tli(‘ northern boundary of the free- 
trade zone followed the ]»arallel of 2"* 30' to the geo- 
graphical basin of the* Congo, and thence to the east coast 
at 5" N. lat., the eastern ])oun(l.iry following tho coast 
southwards to the mouth of the Zambi‘zi ; from this latter 
point the S(juthern boundary followed the Zambezi to 5 
miles above its conflu(‘nc(» w'lth the IShir6, and thence along 
the Nyasa-Zambezi watershed to the Congo-Zambezi water- 
shed and the .sourct' of tlu» Jjoge, which it followed to the 
•coast. The approval of indo]>endent sovereign states in 
tho eastern zon(», which w(T(‘ not parties to the convention, 
was, however, to bt-‘ obtained as a condition precedent to 
tho extension of fret* trade to the eastern zone. The Act 
contained provisions limiting the dues to be levied within 
the prescribinl ar(»a to such as “may be levied as fair 
cora])eiisation for ex]»eiiditure in the interests of trade,” 
prohibiting the imi»()sitioii of preferential duties, and 
declaring tlie i iver frtM* to the trading flags of all nations. 
The conventional basin of the Congo was to remain neutral 
in all circunistauce.s, and an international navigation com- 
mission of the Congo was to be instituted to sujiervise the 
carrying out of the }»riiicipli*s prcK'laimed in the General Act 
on that river and its affluents. No such commission was, 
however, in fact appointed. The navigation of the Niger and 
all its affluents was declared free to the merchant vessels 
of all nations, and Great Britain and France severally 
undertook to extend protection to traders of other nation- 
alities in those portions of the river which wore under their 
sovereignty or protection. 

It will be remembered that when the conference j 
assembled the IntiTiiational Association of the Congo had 
only lieen recognized as a sovereign state by the United 
States and Germany. But King Leojiold and his agents 
had taken full advantage of the opportunity which the 
conference afforded, and before the General Act was signed 
the Association had been recognized by all the signatory 
Powers, with the not very important exception of Turkey, 
and the fact communicated to the conference by Colonel 
Strauch. It was not, however, until two months later, in 
April 1885, that King Leopold, with the sanction of the 
Belgian legislature, formally assumed the headship of the 
new state ; and on the 1 st August in the same year Ilis 
Majesty notified the Powers that from that date the “ In- 
dependent State of the Congo ” declared that “ it shall be 
periietually neutral ” in conformity with Article X. of the 
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Berlin Act. Thus was finally constituted the Congo Free 
State, under the sovereignty of King Leopold, though the 
boundaries claimed for it at that time were considerably 
modified by subsequent agreements. 

From 1885 the scramble among the Powers went on 
with renewed vigour, and in the fifteen years that remained 
of the century the work of partition, so far as n^vt/op- 
international agreements were concerned, was nmtM 
practically completed. To attempt to follow 
the process of acquisition year by year would involve a 
constant shifting of attention from one part of the continent 
to another, inasmuch as the scramble was proceeding 
simultaneously all over Africa. It will therefore be the 
most convenient plan to deal with the continent in sections, 
roughly corresponding to the quarters of the compass, with 
the Congo Free State as a sort of central .state, the growth 
of which may serve as the starting-point for the story of 
the partition after the Berlin Conference. In the notifica- 
tion to the Powers of Ist August 1885, the boundaries of 
the Free State were set out in considerable detail. The 
limits thus determined resulted iiartly from agreements 
made with France and Portugal, and partly from treaties 
with native chiefs, and hfft the northern bank of the Congo 
to a point a little above Manyauga to the Free State, and 
the southern bank as far as Nokki to Portugal. The 
southern frontier was continued along the parallel of Nokki 
till it intersected the river Kwango, which it followed in a 
southcrnly direction. The northern frontier from Manyauga 
followed the Congo as far as Stanley Pool, then the median 
line of thiit pool, leaving the Congo at a point above the 
Likona-Nkuuja river, following its watershed to the 17th 
degree of longitude east of Greenwich, which degree it 
followed until its intersection with the 4th parallel of 
N. latitude, following that latitude until it met the 30th 
degree of longitude east of Greenwich, which formed the 
eastern boundary of the Free State. The south-eastern 
frontier claimc'd by King Leopold extended to Lakes 
Tanganyika, Mweru, and Bangweulu, but it was not until 
some years later that it was recognized and defined by the 
agreement of May 1894 with Great Britain. The inter- 
national character of King Leopold’s enterprise had not 
long been maintained, and his recognition as sovereign of 
the Free State confirmed the distinctively Belgian character 
which the Association had assumed, tjven before that event. 
The king was naturally anxious that the right of pre- 
emption which he had given to France should not o])erate 
against Belgium, and in April 1887 tho French Govern- 
ment, in return for territorial concessions on the Mobangi, 
formally declared that France’s right of pre-emption 
could not be opposed to Belgium’s preferential rights; 
and by his will, dated 2nd August 1889, His Majesty 
made Belgium heir to the sovereign rights of the 
Congo Free State. In July 1890 the Free State 
concluded an agreement with Belgium, by which the 
Belgian Government agreed to make a loan to the Free 
State of twenty-five millions of francs, spread over ten years, 
Belgium acquiring the right within six months after the 
expiiy of that jieriod to annex the Free State. To com- 
plete this section of tho subject, it may be stated that an 
annexation Bill, introduced into the Belgian parliament 
in 1895, was withdrawn, and up to Juno 1901 Belgium 
had still taken no formal steps to assume direct responsi- 
bility for the Free State as a Belgian colony. 

The area of the Free State, vast as it was, did not 
suffice to satisfy the ambition of its sovereign. King 
Leopold maintained that the Free State enjoyed, 
equally with any other state, the right to extend 
its frontiers. As this ambition brought the ®’*'*'** 
Free State into sharp conflict with its various European 
neighbours, it may be well to consider, in the light of subse- 
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quent events, what were at thiB period the designs enter- 
tained by the different European Powers that partici^^ated 
in the struggle for Africa. Portugal was striving to 
retain as large a share as possible of her shadowy empire, 
and particularly to establish her claims to the Zambezi 
region, so as to secure a belt of territory across Africa 
from Mozambique to Angola. Great Britain, once aroused 
to the imminence of the danger, put forth vigorous efforts 
in East Africa and on the Niger, but her most ambitious 
dream was the establishment of an unbroken line of 
British possessions and spheres of influence from south to 
north of the continent, from Capo Colony to Egypt. 
Germany’s ambition can be easily described. It was to 
secure as much as possible, so as to make up for lost 
opportunities. French ambitious, apart from Madagascar, 
were confined to the northern and central portions of tlic 
continent. To extend her possessions on the Mediterranean 
littoral, and to connect them with her colonies in West 
Africa, the Western Sudan, and on the Congo, by 
establishing her influence over the vast intermediate 
regions, was France’s first ambition. But the defeat of 
the Italians in Abyssinia, and the impending downfall of 
the Khalifa’s power in the valley of the Upper Nile, sug- 
gested a still more daring j)roject to the French Govoni- 
inent — none other than the establishment of French 
influence over a broad bolt of territory stretching across 
the continent from west to cast, from Senegal on the 
Atlantic coast to Jibuti 1 on the Gulf of Aden. These 
conflicting ambitions could not all be realized, and 
Germany succeeded in preventing Great Britain from 
realizing lier ambition of a continuous band of British 
territory from south to north, while Great Britain, by 
excluding Franco from the Ui)])er Nile valley, disjjclled 
the French dream of an empire from west to east. 

It was in the struggle between France and Great 
Britain for the Upper Nile valley that the ambition of 
Klag King Leoj)old involved the Congo Fre<? State. 
Leopold The Fgy[)tian Sudan, after the death of Gordon 
and the in January J 885, was abandoned to the Mahdi. 
Nile, Egyptian frontier was withdrawn to Wady- 

Haifa, and the vast jiroviuces of Kordofan, Darfur, and 
the Bahr-ol-Ghazal were given ovtT to Dervish tyranny and 
misrule. But it was obvious that this was not a state of 
things which could continue ind('flnitely. Under the Tvis(» 
guidance of Lord Cromer the finances of Egyjit had lieen 
placed on a sound basis, and under British officers the 
despised fellaheen had develoiied soldierly qualities of 
which they had before given no sign. That Egypt would 
seek to recover her ijosition in the Sudan was a foregone 
conclusion, as the command of the Upper Nile was recog- 
nized as essential to her continued jirosjierity. But the 
international position of the abandoned provinces was by 
no means clear. The British Government, by the Anglo- 
German agreement of .July 1890, had secured the assent 
of Germany to tht‘ proposition that the British sphere of 
influence in East Africa was bounded on the west by the 
Congo Free State and by “ the western w^atershed of the 
basin of the Upper Nile but this claim W'as not recognized 
either by France or by tlie Congo Free State. From her 
base on the Congo, France was busily engaged pushing for- 
■ward along the northern tributaries of the great river. On 
27th April 1887 an agreement w^as signed with the Congo 
Free State by which the right bank of the Moliangi river 
was secured to French influenct), and the left bank to the 
Congo Free State, with this proviso, that the northern 
boundary of the Free State was not to descend below the 
fourth parallel of north latitude. The desire of Franco to 
secure a footing in the Upi^or Nile valley was partly due, 
as we have seen, to her anxiety to extend a French zone 
across Africa, but it was also and to a large extent 
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attsibutable to the belief, widely entertained in France, 
that by establishing herself on the Upper Nile France 
could regain the |>osition in Egyptian affairs which she had 
sacrificed in 1882. With these strong inducements France 
set steadily to work to consolidate her position on the 
tributary streams of the Upiier Congo basin, pivparatory 
to crossing into the valley of the UiJper Nile. As a stej) 
in this direction the Mobangi region was constituted a 
separate province, under M. Liotard as governor. Mean- 
while a similar advance was lK*ing made from the Congo 
Free State northwards and eastwards. King Leopold liiul 
two objects in view — to obtain control of the rich province 
of the Bahr-el-Ghazal and to secure an outlet on the 
Nile. Stations were established on the Welle river, and 
in Febrmiiy 1891, Ca]»tain van Kerekhoveii left Leopold- 
ville for the Upper Welle with the most powerful expedi- 
tion which h^, up to that time, lieen organized by 
the Free State. After some heavy fighting the ex^jedition 
reached the Nile in Sej)teniber 1892, and opened up com- 
munications with the remains of the old Egy]>tian garrison 
at Wodelai. Other expeditions under Belgian officers 
))f*netrated into the Bahr-el-lihazal, and it was apparent 
that King Leopold proi> 08 (‘d to redy on efleetive occui)ation 
as an answer to any claims which might be advanced by 
either Great Britain or Fmnce. The news of what was 
happening in this remotti region of Africa filtered through 
to Europe very slowly, but King Leopold was warned on 
several occasions that Great Britain would not recognize 
any claims by the Congo Fri'e State' on the* Bahr-el-Ghazal. 
The difficulty was, however, that neither from Egypt, 
wliencci the road was barred by the Khalifa, nor from 
Uganda, which wras too far removed from the coast to 
serve as the base of a laige exj ►edition, could a British 
force be despatched to take eftectivt' occupation of the 
Upi>er Nile valley. There was, therefore, dang(*r lest tlic 
French should succeed in establishing themselves on the 
ITpjxir Nile before tlu' i)re[)arations which were being 
made in Egypt for “smashing” the Khalifa were com- 
j dotted. 

In these circumstances Lord Bosebery, wdio was then 
foreign minister, began, and his successor, Lord Kimberley, 
completed, negotiations w ith King Leoi»old The Anglo- 
which resulted in the conclusion of the Anglo- Congolese 
Congolese agreement of 12th May 1894. Jiy agreement 
this agreement King Leopold recognized tlie 
British sjihenj of influence as laid down in the Anglo- 
German agreement of July 1890, and Great Britain 
granted a lease to King Leopohl of certain b'rritories in 
the western basin of the U]qK*r Nile, extending on the 
Nile from a j»oint on Lake Albert to Fa.dioda, and we.^t- 
w'ards to the Congo-Nile watersiu'd. The juactical effect 
of this agreement was to give the Congo Free State a 
lease, during its sovert'ign’s lifetime, of the old Bahr-el- 
Ghazal jirovince, ami to st'cure afti'r His Majesty's death 
a ])ortioii of tliat territory, with access to a port on Lake 
Allnjrt, to his successor. At the same time the Congo 
Free State Icast'd to Great Britain a striji of territory, 
15^ miles in breadth, between the north end of Lake 
Tanganyika and the south end of Lake Allx^rt Edward. 
This agreement was hailed as a notible triumph for 
British diplomacy. But the triumph w%is sii(ut-Iived. 
By the agreement of July 1890 with Germany, Great 
Britain had bt^en reluctantly compelled to alKiiidon her 
holies of through communication bt'twi*eu tlu' British 
spheres in the northern and southern parts of the con- 
tinent, and to consent to the boundaiy of German East 
Africa marching with the eastern frontier of the Congo 
Fk'o {State. Germany frankly avowed that she did not 
wish to have a powerful neighbour iutc*rposed between 
herself and the Congo Free State, and later troubles as 
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to frontiers in the Lake Kivu region fully justified the 
attitude of the German Goverument. It was obvious that 
the new agreement would effect precisely what Germany 
had declined to agree to in 1890, Accordingly Germany 
prott‘sted in such vigorous terms that, on the 22ud June 
1894, the offending article was withdrawn by an exchange 
of notes between Great Britiun and the Congo Free State. 
Opinion in Fiance was e<iually excited by the new agree- 
ment. It was obvious that the lease to the Congo Free 
State was intendtd to exclude France from the Nile by 
]>lacing the (Jongf) Free State as a barrier across ln*r ]iath. 
IVessurc was l»rought to bear on King Leo]K)ld, from IViris, 
to renounce the rights ac(]uir(d under the agrei‘nient. It 
is not kiK)WJi what communications, if any, jiassed lietwcen 
the sovereign of th(j Free State and the Britisli Government, 
wlietlier King Leopold asked for, or was refustd, 8iip]K)rt 
against French pressure j but on the 14th August 1894 
King Leopcjld signed an agreement with France by which, 
in exehangi*. for France’s acknowledgment of the Mbomii 
riv«‘r as Ins northern frontier, llis JVlajtisty renounced all 
occupation and all exercise of ]>olitical influence w(‘st of 
,'K)" E. longitude*, and north of a Jinc drawn from the int<T- 
seetion of that meridian with the* ])arallel 5“ 30' of N, 
latituele, and along that j»aralle4 te> the Nile. 

This left the way still f)j»en fe>r France to the Nile, anel 
in June 1896 Captain Marchaud left France with secret 
instructieins to leael an exi»eelition into the Nile 
Prance and valley. On the 1st of March in tlic following 
^ehabazah Brazzaville, and U^gaii a journey 

whie*h all but plunge*el Great Britain anel Frances 
into war. The difficulties which Cajitaiu Marchaud had 
to overcemie weit* mainly theise connected with trans]»ort. 
In ()ctolK*r 1897 tiie e*xpedition reacheul the liiiiiks of the 
Sueli, tJie* waters of which eventually flow into the Nile. 
Here a jiost was established and the FauVuirhe^ a 
Bti‘am(*r which liad l>een carried across the Gongo-Nile 
wab'i’shed in sections, was jmt together and launched. 
On the 1st May 1898 Marchaiul start(*d on the final stage 
of his journey, an<l reached Faslioda on the 10th July, 
having establislu*d a chain of ]»osts eri route. At Fashixla 
tile French flag was at once raised, aiul a “ treaty ” made 
with the local chief. Meauwhihi other exiKiditious had 
been concentrating on Fashcsla — a mud-flat situatt*d in a 
4^wanip, rouiitl which for many months raged the angry 
passions of two great peopli*8. French exiieditions, with 
a certain amount of assistance from the Einiieror Menelek 
of Abyssinia, had b(*en striving to reach tlu* Nile from the 
east, so as to join hands with Marchand and complete the 
lino of [Mists to the Abyssinian frontier. In this, however, 
they were unsuccessful. No Ix'tter success atU'uded the 
expedition undiT Colonel Macdonald, Il.E., sent by the 
British Governnu*nt from Uganda to antici[>at(i the 
French in the twcupation of the Upper Nile. It was 
from the north tliat claimants arrived to disjmte 
with the French thmr right to Fashoda, and all that 
the occupation of that dismal post implied. in 1897 
an Anglo- Egyptian army, under the direction of Sir 
Herbert (afterwards ijord) Kitchener, had begun to advance 
southwards for the reconquest of the Egyptian Sudan. 
On the 2nd Septiuiiber 1898 Khartum was captured, 
and the Khalifa’s ami} disjiersed. It was then that 
news reached the Anglo Egyptian commander, from native 
sources, that there were white men flying a strange 
flag at Fashoda. Tin* Sirdar at once procc'eded in a 
steamer up the Nih*, and courteously but firmly requested 
C.^aptaiii Marchand to remove the French fiag. On his 
refusal the Anglo -Egyptian fiag was raised close to the 
French flag, and the disjiute was referred to EurojK; for 
adjustment. Diplomatic negotiations followed betwc»en 
tlie British and French Governments. At length, on 2l8t 
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March 1899, a declaration was signed, by the terms of 
which France withdrew from the Nile valley and accepted 
a boundary line, between the British and French spheres of 
influence in Central Africa, which satisfied her earlier 
ambition by uniting the whole of her territories in North, 
West and Central Africa into a homogeneous whole, 
while effectually preventing the realization of her dream 
of u transcontinental emiiire from west to east. By this 
declaration it was agreed that the dividing lino between 
the British and French spheres, north of the Congo Free 
State, should follow the Congo-Nile water-parting up to its 
intersection with the 11th parallel of north latitude, from 
which point it was to lie *^dmwm as far as the 15th 
jiarallel in such a manner as to separate in [principle the 
kingdom of Wadai from what constituted in 1882 the 
jirovince of Darfur,” but in no case was it to be drawn 
west of the 21 St degree of cAst longitude, or east 
of the 23rd degree. From the 15th parallel the line 
took a north-westerly direction, until it intersected 
the Tropic of Cancer, on the southern frontier of the 
Turkish [irovince of Fezzan to the south of Tripoli. 
French influence was to [irevail west of this line, British 
influence to tht* east. Wadai was thus definitely assigned 
to France. This partition was and still is (1901) merely 
a })aper [lartition ; and it should be added that while it, 
of course, only binds the parties to it, the Sultan of 
Turkey entered a [irotest against the agreennmt as in- 
fringing his prior acquired rights both in the Sahara and 
in tlici Central Sudan. 

Let us now return to the mouth of the Congo and see 
what was the course of (jvents in the southi‘rii half of the 
continiiut. It will lie remembered that by the 
agrivment in whicli Portugal recognized the south- 
sovereignty of the Congo Free State, I’ortugal’s Went and 
claim to the southern Ixwik of the river as far 
as Nokki had been admitted. Thus I’ortuguese ^ 
possessions on the W(‘st coast extended from the Congo to 
the mouth of the Kurume river. Tn the interior the 
lioundary witli the Free State was settled as far as the 
Kwango river, but disjiutes arose as to the right to the 
country of Lunda, otherwise known as the territory of the 
Muato Yanvo. On the 25th May 1891 a treaty was 
signed at Lisbon, by which this large territory was 
dividc'd between Portugal and the Free State, the bound- 
ary line leaving the Kwango at tlio 8th degree of south 
latitude and reaching the !^sai, one of the main southern 
affluents of the Congo, at the 7th degree, then passing 
along the thalweg of that river to its souree in Lake 
Dilolo, and then along the watershed between the Zaire 
and the Zambezi to its interseetion by the 24th meridian 
east of Greenwich. The interior limits of I’ortuguese 
possessions in Africa south of the equator gave rise, how- 
ever, to much more serious discussions than were in- 
volved in the dis]>ute as to the Muato Yanvo’s kingdom. 
Portugal, as we have seen, claimed all the territories 
between Angola and Mozambique, and she succeeded in 
inducing both Franco and Germany, in 1886, to recognize 
the King of Portugal’s “right to exercise his sovereign 
and civilizing influence in the territories which sejiarato 
the Portuguese jiossessions of Angola and Mozambique.” 
The [lublication of the treaties containing this declaration, 
together with a map showing Portuguese claims extending 
over the whole of the Zambezi valley, and over Matabele- 
land to the south find the greater part of Lake Nyasa to 
the north, immediately pn^voked a formal protest from 
the British Govornmept. On the 13th August 1887, the 
British Charge d’Affaires at Lisbon transmitted to the 
Portuguese minister for foreign affairs a memorandum 
from Lord Salisbury, in which the latter formally 
protested “against any claims not founded on occupa- 
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tion ” and contended tiiat the doctrine of effective occupa- 
tion had been admitted in principle by all the parties 
to the Act of Berlin. Lord Salisbury further stated 
that Her Majesty’s Government cannot recognize Portu- 
guese sovereignty in territory not occupied by her in 
sufficient strength to enable her to maintain order, protect 
foreigners, and control the natives.” To this Portugal 
replied that the doctrine of effective occui)ation ivas 
expressly confined by the Berlin Act to the African coast, 
but at ^e same time expeditious were hastily des^jatchecL 
up the Zambezi and some of its tributaries to discover 
traces of former Portuguese occuijation. Matabel(‘land 
and the districts of Lake Nyasa were sjiecially mentioned 
in the British protest as countries in which Her Majesty’s 
Government took a special interest. As a matter of fact 
the extension of British inffuence northwards to the 
Zambezi had engaged the attention of the British authori- 
ties, ever since the ap]jearance of Germany in South-West 
Africa and the declaration of a prtitectorate over Bechu- 
MmtaMe- analand. There were rumours of German 
hmdand activity in Matabelelaud, and of a Boer trek 
Mamhona- north of the Limpopo. Hunters and exi>lorers 
had reported in eulogistic terms on the ricli 
goldfields and healthy plateau lands of Matabololand and 
Mashonaland, over both of which countries a powerful 
native chief, Loliengula, son of the great Moziligazi, 
claimed authority. The Matabele, or Amandebele, wcire a 
branch of the grcjit Zulu family and a race of warriors. 
There were many suitors for Lobengula’s favours; but on 
the 11th February 1888 he signed a treaty with Mr J. 8. 
Moffat, the assistant commissioner in Bechuanaland, the 
effect of which was to place all his territory under British 
protection. Both the Portuguese and the Transvaal Boers 
were naturally chagrined at this extension of British 
influence. A number of Boers attempted unsuccessfully 
to trek into the country, and Portugal opposed her 
ancient claims to the new treaty. She contended that 
Lobengula’s authority did not extend over Mashonaland, 
which she- claimed as part of the Portuguese province of 
Sofala, and suddenly developed spasmodic activity in the 
distribution of flags and the establishment of stations and 
forts, not only in Eastern Mashonaland, but in the 
countries north of the Zambezi. Meanwhile jireparations 
were being actively made for the exploitation of the 
mineral and other resources of Loliengula’s territories. 
Two rival syndicates obtained, or claimed to have obtained, 
concessions from Lobengula; but in the summer of 1889 
Mr Cecil Khodes succeeded in amalgamating the conflict- 
ing interests, and on the 29th October of that year Her 
Majesty granted a cliarter to the British South Africa 
Comiiany (see Ohautered Companies), tlie grantees 
being the Duke of Abercorn, the Duke of Fife, Lord 
Gifford, Mr Cecil J. Khodes, Mr Albert Beit, Mr Albert 
Grey, and Mr George Cawston. The first article of 
the charter declared that “the princi|jal field of the 
operations ” of the company “ shall be the region of South 
Africa lying immediately to the north of British Bechu- 
analand, and to the north and west of the South African 
Kepublic, and to the west of the Portuguese dominions.” 
No time was lost in making preparations for effective 
occa|)atiou. On the advice- of Mr F. C. Selous it was 
determined to desjiatch an exi>edition to Eastern Masliona- 
land by a new route, which would avoid the Matabi'le 
country. This plan was carriixl out in the summer of 
1890, and, thanks to the rapidity with which the column 
moved and Mr Selous’s intimate knowledge of the country, 
the British flag was, on 1 1th September, hoisted at a spot 
on the Makubusi river, where the town of Salisbury now 
stands, and the country taken possession of in the name of 
Queen Victoria. Disputes with the Portuguese ensued. 


and there were several frontier incidents which for a tune 
embittered the relations between the two countries. 

Meanwhile, north of the Zambezi, the Portuguese were 
making desperate but futile attemi>tB to re|mir the neglect 
of centuries by hastily - organized exjicditions 
and the hoisting of flags. In 1888 an attempt 
to close the Zambezi to British vessc^ls was Portugal 
frustrated by the firmness of Lord Salisbury, north ai 
In a despatch to the British minister at Lisbon, 
dated 25th June 1888, Lord Salisbury, after “ • 

brushing aside the Portuguese claims founded on doubtful 
disc‘-overies three centuries old, stated the British case in a 
few sentences. “ It is,” he wrote', “an undisputed i>oint that 
the recent discoveries of the English traveller, Livingstone, 
were followed by organized attempts on the jiart of English 
rtiligious and commeicial bodies to o^ien up and civilize 
the districts surrounding and mljoiiiing the lake. Many 
British settlements liave been established, the access to 
which from the sea is by the rivers Zambezi and Shir6. 
Her Majesty’s GoviTnment and the British public are 
much interf‘sted in the welfare of these settlements. 
Portugal does not occupy, and has nevtT occupied, any 
portion of the lake, nor of the Shird ; she has neith(*r 
authority nor influence beyond the c-ontlueiiee of the Shir6 
and Zambezi, W'here her interior custom houst*, now 
withdrawn, was placed by the terms of the Mozambique 
Tariff of 1877.” As a niatb'r of historuual accuracy it 
may be well to add that the Nyasa regif)n has, from the 
lirst, lieen jieculiarly associated wuth Scottish enterprise. 
Apart from the fact that Livingstone' w'as a Scotsman, the 
first missions were established by the Sc'ottisli churches, 
the lirst planters were Scottish, and the “Aliican Lakes 
Comi^ny,” which w^as the? ))iouecr in trading and transjiort 
operations, was a Scottish (‘orporatioii. In 1889 it became 
known to the British Government that a considerable 
J’ortuguese ex|xidition was l)eing organized for operating 
in the Zambezi region. In answer to inquiries addressed 
to the Portuguese Government, the foreign minister stati'd 
that the object of the Serpa Pinto ex]»edition was to visit 
the Portuguese settlements on the I’pjkt Zambezi. The 
British Government was, even so late as 1889, averse from 
declaring a formal protectorate over the Nyasa region; 
but early in that year Mr H. II. (afterwards Sir Hany) 
Johnston was sent out to Mozambique as British consul, 
with instructions to travel in the interior and report on the 
troubles that had arisen with the Arabs on Lake Nyasa 
and writh the Portuguese. The discovery of a navigable 
mouth of the Zambezi — the Chinde — and the oiler by 
Mr Khodes of a subsidy of XI 0,000 a year from the 
British South Africa Company, rimiovc'd some of the 
objections to a protectorate entertained by the British 
Government; but Mr Johnston’s instructions were not 
to proclaim a protectorate unless circumstfwices compelled 
him to take tl^t course. To his surprise, Mr Johnston 
learnt on his arrival at the Zambezi that Major Serpa 
Pinto’s exjK'dition had beon suddenly deflected to the 
north. Hurrying forward, Mr Johnston overtook the 
Portuguese expedition and warned its leader that any 
attempt to establish political influence north of the Kuo 
river would coiniiel him to take steps to jirott'ct British 
interests. On arrival at the Kuo, Major Serjia Pinto 
returned to Mozambique for instructions, and in his 
absence Lieutenant Coutinho crosst'd the rivei, attocked 
the Makalolo chiefs, and sought to obtain jiossc'ssion of 
the Shire highlands by a de vutin. Mr Buchanan, 
the British vice-consul, lost no time in declaring the 
country under British jirotection, and his action was 
subsequently confirmed by Mr Johnston on his return 
from a tnjaty- making ex^iedition on Lake Nyasa. On 
the news of these events reaching Euro]>e the British 
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Government addressed an ultimatum to Portugal, as the 
result of which Lieutenant Coutinho’s action was dis- 
avowed, and he was ordered to withdraw the Portuguese 
forces south of the Kuo. But while Mr Johnston was 
busily engaged in concluding treaties with the native 
chiefs in the districts to which Portugal had no prior 
claim, the di]>lomatist.s in Euro^ie were seeking for a 
solution of the troubles which )iad arisen both north and 
south of the ZainlH'zi. As the n58u]t of prolonged negotia- 
tions, an agrecmient was signed between Great Britain 
and Portugal on the 20th August 1890, by which Great 
Britain obtained a broad belt of territory north of the 
Zambezi, stretching from Lake Nyasa on the east, the 
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southern end of Tanganyika on the north, and Iiake 
Bangweulu on the west; while south of the Zambezi 
Portugal was allowed to retain the right bank of the 
river from a point ten miles above Zuml^, and the eastern 
boundary of her territory south of the river was made 
roughly to coincide with the 33rd degree of east longitude. 
The publication of the agreement aroused deep resentment 
in Portugal, and the Government, unable to obtain its 
ratification by the Chamber of Deputies, resigned. In 
October the abandonment of the treaty was accepted 
by the new Portuguese ministry as a fait accompli ; but 
on the 14th November the two Governments signed an 
agreement for a niodm vivendi^ by which they engaged 
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to r^ognize the tcTritorial limits indicated in the con- 
vention of 20th Auguht “ in so far that from the date of 
the present agrei'inent to the termination thereof neither 
Power will make trait les, accept ]irotectorateK, nor exercise 
any act of sovereignty within the spheres of influence 
assigned to the other ]»arty by the said convention.” The 
breathing-space thus gained enabled feeling in Portugal 
to cool down, and on tin* 11th June 1891 another treaty 
was signed, the ratifications Ixiing exchanged on the 3rd 
July. This is the main treaty, defining the 
aii89L*^ British and Portiigutvsi' spheres both south and 
north of the Zainbi'zi. It contained many other 
provisions relating to trade and navigation, providing 
inter alia a maximum transit duty of 3 per cent, on 
imports and exports crossing Portuguese territories on the 


east coast to the British sphere, freedom of navigation of 
the Zambezi and Shir^ for the ships of all nations, and 
stipulations as to the making of railways, roads, and 
telegraphs. The territorial readjustment effected left 
Portugal a triangular strip of territory north of the 
Zamlxizi, with its liase on the Zambezi-Shire watershed 
and its apex on the angle formed by the Zambezi and 
the Loangwa, close to Zumbo. South of the Zambezi the 
Portuguese frontier, after running for a short distance 
due south, takes an east-south-easterly direction to the 
Mozoc river, which it intersects at the 33rd degree of 
east longitude and Mlows that meridian to its intersection 
by the IS" 30' parallel of south latitude, whence it follows 
the eastern slope of the Manica plateau southwards to the 
centre of the main channel of the Sabi, follows that 
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channel to its confluence with the Lunte, whence it 
strikes directly to the north-eastern point of the frontier 
of the Transvaal, and follows the eastern frontier of 
that territory and the frontier of Swaziland to thcj river 
Maputa. The delimitation of this frontier was not 
accomplished without considerable difficulty and a re- 
course to arbitration. Some parts of the boundary north 
of the Zambezi were not delimited until the closing 
months of the 19th century. The western boundary 
between the British and Portuguese sphert»s of influence 
was only vaguely indicated, and had not been settled in 
1 900 by the Anglo-Portuguese Commission ; but it vras 
to bo drawn in such a manner as to leave the Barotse 
country within the British si>bere, Lewanika, the j)ara- 
mount chief of the Marotse, claiming that his territory 
extended much farther to the west than was admitted by 
the Portuguese. 

Before the conclusion of the treaty of June 1891 
with Portugal, th(' British Chwernmeiit had made certain 
arrangements for the administration of the large 
BrMah nortti of the Zambezi re8erv(‘d to British 

jSrtca. influence. On the 1st of Februaiy Mr H. H. 

Johnston was appointed Imperial Commissioner 
in Nyasaland, and a fortnight later the British South 
Africa Company intimated a desire to extend its op(‘ra- 
tions north of the Zamb(*zi. Negotiations followed, and 
the field of operations of the Chartered Com])aiiy was, on 
the 2nd April 1891, extended so as to cover the whole 
of the British sphere of influence north of the Zambezi, 
with the exception of Nyasaland, the Company agreeing 
to appoint Mr Johnston ]K)litic*il Adminisliator of its 
territories north of the Zambezi, now known as Northern 
Rhodesia, and to contribute i>l(),()0() a year towards tin* 
cost of administration, to be applied by Mr Johnston at 
his discretion either in Nyasaland or in the Coinj»any s 
sphere. On the 14th of Maya formal [irotectoiate >\as 
declared over Nyasaland, including the Shire highlands 
and a wide belt of territory from the Anglo- Oermaii 
frontier on the north end of Lake Nyasa along the western 
sliore of tlie lake. The name was subsequently changed 
to the British Central Afruai Protectomte (7.^.). The 
arrangement as to the joint administration of the IVo- 
tectorate and the Company’s sphere lasted for some three 
years, and at tlu* end of that tune the (Company aj)[>oiuted 
a separate administi-ation for Northern Rhodesia, and the 
subsidy was withdrawn. 

At the date of tht» assembling of the Berlin Conference 
the German Government had notilied that the coast line 
Qermaa south-west of the continent, from the 

Souths Orange river to Cape Fno, had been ^iJaced under 
German jirotectioii. On th(» IJtli A] nil 1885 
Atrtcm, German South-West Africa Company was 

constituted under an order of the Imperial Cabinet with 
the rights of state sovereignty, including mining royalties 
and rights, and a railway and telegraph monopoly. In 
that and the following years the Germans vigoiously 
pursued the busint*ss of treaty- making with the native 
chiefs in the interior; and when, in July 1890, the British 
and German Governments came to an agi ecment as to the 
limits of their resjiectivo sjiheres of influence in various 
parts of Africa, the boundaries of German South-West 
Africa were fixed in their present ])ositioii. By Article 
III. of this imjiortant agreement the north hink of the 
Orange river up to the point of its intersection by the 
20th degree of east longitude was made the southern 
boundary of the German sphere of influence. The eastern 
boundary followed the 20th degree of east longitude to 
its intersection by the 22ud parallel of south latitude, 
then ran eastwards along that parallel to tbo point of its 
intersection by the 2l8t degree of east longitude. From 
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that point it ran northwards along the last-named meridian 
to the point of its intersection by the 18th parallel of 
south latitude, thence eastwards along that parallel to the 
river Chobe, and along the main channel of that river to 
its Junction with the Zambezi, where it terminated. The 
northern frontier marched with the southern boundary 
of Portuguese West Africa. The object of deflecting the 
eastern boundary near its northern termination was to 
give Ghirmany ac(;ess by her own tiTrit^ny to tlie uptKT 
waters of the Zamljczi, and it was declared tliat this stri]) 
of territory was at no part to }>e less tlian twenty English 
miles in width. 

To complete the survey of the political jiaititioii of 
Afritia srmth of the Zanil>ezi, it is necessiiry briefly to 
refer to the events connected with th(i South 
African Republic and the Orange Free State. 

Ill Octoljer 1886 the British Goveriimciit made amcm. 
ail agreement with the New Re]>ul>lic, a small 
community of Bmir farmers who Jiad set up a ( Joveruinent 
of their own, defining the frontier lietween the New 
Re])ublic and Zululand ; but less than a year later — in 
SeptemlxT 1887 — the New Republic was ineorporated in 
the South African Republic. In a convention of Jul^- 
August 1890 the British Government and the Gov('rnment 
of the South African Re])ubhe eonfirmed the independence 
of Swaziland, and on the 8th November 189.‘{ another 
convention was signed with th(* same ob]eet ; but on the 
19th Dectmibcr 1894 the British Government agreed to the 
South Afriain Rejmblic exercising “all rights and powcTS 
of ]irotection, legislation, jurisdiction, and administration 
over Swaziland and the inhabitants thereof,” subject to 
certain conditions and provisions, and to the non-incor- 
jioration of Swaziland in the Re]>ublie. Snbseiiuently, 011 
the 23rd April 1895, Tongaland was declared by j>ro- 
clcimation to he added to the dominions of Queen N’ietoiia, 
and in December J897 Zululand and Tongaland, or 
Amatongaland, were iiicorpoiated with the colony of 
Natal. The history f>f tlu‘ evemts that led ii[> to ihi* 
last Boer war cannot \ki recounted hen* (set* Transvaai# 
CoiAiNY and Orange River Coi^ony), but in October 1899 
the South African Republic and the Oiaiige Free State 
addressed an ultim.itum to Great Britain and invaded 
Natal and Cape Colony. As a result cif iJie militeiy 
oiHiratioiis that follow^'d, the Orange Fret* Sbite was, on 
28th May 1900, proclaimed by Lord lloherls a British 
cohniy uiuUt the name “ Orange River C<Jony,” and the 
South African Republic wms on the 25th OctolK»r 1900 
iucor]iorated in the British Empire as the “Transvaal 
Colony.” 

On the east coast tlu* two great rivals were Germany 
and Great Bnhiiii. Germany on the 30th December 
1896, and Great BriUin on the 11th Juno 1891, 
formally recognized the Rovuma river as the and Gnat 
northern boundary of the IWtugucse sphere of Britain in 
influence on that coast , but it was to the north 
of that river, ovi*r the vast area of East or East 
Central Africa m which the Sultdii of Zanzibar claimed to 
exercise suzerainty, that the struggle betw’t*en thii two 
rival Powers w’as most acute. The independence of the 
Sultans of Zanzibar had been recognized by the Govern- 
ments of Great Britain and Frana* in 1862, and the 
Sultan’s authority extended almost uniiitci 1 uptedly along 
the coast of the mainland, from (’a.j»e DeJgiulo in the 
south to Warshekh on the north — a str(*tcli of coast more 
than a thousand miles long — tlumgli to the north the 
Sultan’s authority was confined to certain ])orts. In 
Zianzibar itself, where Sir John Kirk, Livingstone’s 
companion, was British consul-general, British influence 
was, when the Berlm Conference met, practically sujireme, 
though Gorman traders had established themselves on 
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the island and created considerable commercial interests. 
Away from the coasts the limits and extent of the Sultan’s 
authority were far from being clearly defined. The 
Sultan himself claimed that it extended as far as Lake 
Tanganyika, but the claim did not rest on any very solid 
ground of effective occupation. The little-known region 
of the Great Lakes had for some time attracted the atten- 
tion of the meji who Averc directing the colonial movement 
in Germany ; and, as we havt* setni, a small band of pioneers 
uctmilly landed on the iiiainland oj)]>osite Zanzibar in 
November 1884, aiid made their first “treaty” with the 
cliief of Mbuzini on the IDtli of that month. Pushing up 
the Wami river the thrt‘e adveutunTs reached the IJsagara 
country, and conclu(h*d iinn-e “treatit's,” the net result 
l)eing that when, in the middle of December, Dr Peters 
r^iturned to tilt*- ct)ast he brought back with him documents 
which were claimed to con(‘e(le some GO, 000 ,s(juare miles 
of country to the German ColonizAtioii Society. Dr 
Pet(‘rs hurii<*d back to Berlin, and on the 17th of February 
1885 the German Emj»eror issued a “Charter of Protec- 
tion ” by whicli llis Maj(»sty accepted the suzerainty of 
the lujwly-aeijuired territory, and “placed under our 
Jmperiil protection the territories in (piestion.” The 
conclusion of these treaties w^as, on the Gth March, notified 
to the British (lovernnumt and to the Sultjin of Ziiiizibar. 
Immediately on n’lvijjt of the notification the Sultan 
telegra]»hed an eis’rgetic protest to Berlin, alleging that 
the ]»la(jes ])laeed under (fennan ]u*otection had lielonged 
to tin* Sultanate of Zanzibar from the tinu* of his fathers. 
The German eonsuI-geii(*ral refused to admit thi* Sultan’s 
claims, and meanwhilt* agents of tin* Gennaii society Avere 
energetically juirsuing tiu' task of treaty -making The 
Sultan despatched a small foici* to the disputi d territory, 
which Avas siibseiiuently Avithdrawn, and lu May sent a 
more imiiosing expedition iiudi‘r the coninuind of Gmieral 
MatheANs, tin* eouimandei du chief of the Zanzibar army, 
to the Kilimanjaro district, in order to anticipate the 
German agents who were reported to be hastening to 
conclude treaties AVitli the chiefs of Cliagga and Taveta. 
MeaiiAvliile Isird (rianville, wdio Avas then at the Foreign 
Office, had taken up an extremely friendly attitude to wurds 
the German claims. IVior to thesii events the Sultan of 
Zanzibar had, on mon* than one occasion, practically 
invited Gn-at Biitain to assume a jirotectorate ovei his 
tlominions. But the invitations had been declined. 
Egyptian affairs wt*re, in the year 1885, causing consider- 
iible aiixii*ty to tin* British Government, and tlu' tact may 
not have been Avithout influence on the attitinle of th<* 
British foreign s<rretary. On the 25th May 1885, in a 
despatch to the British ainbastiador at Beilin, Lord 
GrauA’illo' instructed Sir E. Malet to coiiimunicate the 
Auew^s of the British Cabinet to Prince Bismarck • — 

I have to icijucst \oui Kxrelloncy to state that tlio supposition 
that Her tJovonimfut liave no luleiition of oj>posmg tlio 

(Toriiian sehoiiie ot roll >111/1) tioji in Mu* nciglibourliood ol Zanzibar 
IS absolut(*ly rorroi t. llui i\Kijosi} 's t jovcriiinrnt, on tho contrary, 
view with favour these seluMiies, the realization ot winch will 
entail tho civili/aiion ol lari^o tiacts over whicli liithorto no 
European intluciu'o has bem cAcicismi, the co - oj»eraUon of 
Germany wdth (beat IWil.uii m the work of the sii]>prcssioii of 
tho slave gauifs, and tlie cncoin.ii^cTiiout of the eltoits of Iho 
Sultan both in the o\tiiuti«»u of tho aliivo trade and m the 
cunmiei'cial devolopiucnt ol his doniiuions. 

In the same des]>atch Lord Granville instructed Sir E. 
Malet to intimate to the (h‘rman Government that some 
prominent capitaJiRts had ongmatt‘d a ]>bin for a British 
settlement in the country b(*twei*ri the coast and the lakes, 
which are the sources of the While Xih*, “and for its 
connexion with the coast by a raihvay.” But Her 
Majesty’s Government would not accord to these promi- 
nent capitalists the support they had calk*d for, “ unless 
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they were fully satisfied that every precaution was taken 
to ensure that it should in no way conflict with the 
interests of the territory that has been taken under 
German protectorate,” and Prince Bismarck was practically 
invited to say whether British capitalists were or were not 
to receive tho protection of the British Government. The 
reference in Lord Granville’s despatch was to a proposal 
made by a number of British merchants and others who 
had long been interested in Zanzibar, and who saw in tho 
rapid adArance of Germany a menace to the interests which 
liad hitherto been regardctl as paramount in the Sultanate, 
III 1884 Mr II. H. Johnston had concluded treaties with 
the chief of Taveta, and had transferred these treaties to 
Mr John Hutton of Manchester. Mr Hutton, with Mr 
(afterwards Sir William) Mackinnon, was pne of tho 
founders of Avhat subsequently became the Imperial British 
East Africa Company. But in the i*arly stages tho 
champions of British interests in East Africa received no 
support from their own Government, while Germany was 
pushing her advantage with the energy of a recent convert 
to colonial exjiansion, and hod even, on tlie coast, opened 
negotiations with the Sultan of Witu, a small territory 
situated north of the Tana river, whose ruler claimed to be 
indeiierulent of Zanzibar. On tho 5tli May 1885 tho 
Sultan of Witu executed a deed of sale and cession to a 
German subject of certain tracts of laud on the coast, and 
lah'v in tho same yt'ar other treaties or sales of territory 
were (effected, by which German subji'cts acquired rights on 
tho coast-line claimed by the Sultan. Inland, treaties had 
been concluded on bcdialf of Germany Avitli th'. chiefs of 
the Kilimanjaro n*gion, and an intimation to that effect 
made to the British Government. Hut before this occurred 
the Geniian Governmont had succeed(»d in (extracting an 
acknowltMlgiuoiit of the validity of thi', earlier treaties 
from the Sultan of Zanzibar. Early in August a jiowt'rful 
German squadron appi‘ari*d off Zanziliar, and on the 1*1 th 
of that month tho Sultan yitelded to the iiuivitabli^, 
acknowledgi'd the Ge'rniau jirotectorate over Usagara and 
Witu, and uudtTtook to withdraAv his soldiers. 

Meanwhile negotiations had lx‘i*n opeiu'd for the ap- 
pointment of an International Commission, “ for the 
])urpose of inquiring into the elaiiiis of tlie 
Sultans of Zanzibar to soveri'iguty ovi*r certain SultaoMte 
ti^iTitories on tlio east (soast of Africa, and of of 
ascertaining their ])n‘cisc limits.” The Govern- 
lueiits to be nqu’esenti'd Avere Great Britain, France, and 
Germany, and towards the end of 1885 commissioiKTS 
Avere appointi*d. I’hi^ commissioners ivjiorted on the 9th 
of June 188(), and assigned to the Sultan the islands of 
Zanzibar, Pemba, Lamu, Mafia, and a number of other 
small islands. On the mainland they recognized as be- 
longing to the Sultan a continuous strip of tt‘rritory, 10 
sea miles in depth, from the south bank of tho Minengani 
river, a stn^ain a short distance? soutli of the Kovurna, to 
Kipini, at the mouth of the Tana i*ivi*r, some 600 miles 
in length. North of Kipini the commissioners recognized 
as Ixdouging to tho Sultan the stations of Kisiimyu, Brava, 
Meurka, and Magadislio, with radii landwards of 10 sea 
miles, and of Warsh(*kh with a radius of 6 sea miles. By 
an exchange of notes in October-November 1886 tho 
Governments of Gri*at Britain and Germany accejite^ the 
reports of the Delimitation Commissiont'rs, to which the 
Sultan adhered on tho 4th of the following December. 
But the British and German (jlovernmenta did more than 
determine what territories were to be assigned to tho 
Sultanate of Zanzibar. They agreed to a delimitation of 
th(ur respective spheres of influence in East Africa. The 
territory to bo affected by this arrangement was to bo 
liounded on the south by the Hovuma river, “ and on the 
north by a line which, starting from the mouth of the 
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Tana river, follows the course of that river or its affluents 
to the point of intersection of the equator and the 38th 
degree of east longitude, thence strikes direct to the point 
of intersection of the 1st degree of north latitu<le with 
the 37th degree of east longitude, where the line ter- 
minates/’ The line of demarcation between the British 
and the German spheres of influence was to start from tlio 
mouth of the river Wanga or Umba, to i>a8s round tlie 
eastern and northern side of Lake Jipe., cross th(* Luini 
river, pass between the territories of Taveta and Chagga, 
skirt the northern base of tlie Kilimanjaro rang«‘, aral 
thence be drawn direct to the point on the eastern side of 
Victoria Nyanza which is intersected by the 1st degi-ee 
of south latitude. South of this line German influence 
was to prevail ; north of the line was the British sphi»r(\ 
The Sultan’s dominions having been thus truncat(‘d, Ger- 
many associated herself w-itli the recognition of the “ in- 
dependence” of Zanzilnir in which France and Great 
Britain had joined in 1HG2. The effect of this agreement 
was to define the spheres of influeiKie of the two countries 
as far as Victoria Nyanza, but it provided no limit to 
the wi'stwards, and lift the country north of thi* Tana 
river, in whicli Germany had already acquired soim* 
interests near the coast, o]»en for fresh annexations. The* 
conclusion of the agreement immediately stimulated the 
enterprise both of the German East Africa Association, to 
which J)r IVters’s earliiT treaties Lad Ixiim transfeired, and 
of the British ca]»italists to whom reference had Ixxm 
made in Lord Granville’s desiiatch. The German Associa- 
tion was incorporabxl by Imperial charti‘r in ISfarch 1887, 
and the British aqiitalists formed tliemselvc's into tlu' 
British Kiast Africa Association, and on 24th May 1877 
obtained, through tin' good oflices of Sir William Mac- 
kinnon, a concession of th(‘ 10-miles stn]>of coast from the 
Umba river in the soutli to Kipini in the north. The 
Association was to have the entin^ a<lmiiiistration of tin* 
territory for fifty years, and was to govern in the Bui tan’s 
name, on certain conditions as to the ])ayTnent of the 
customs dues. The British Association further sought to 
exteud its rights in the sphere reserved to British inlluence 
by making treaties with the native chiefs behind the coast 
strip, and for this purpose various expeditions were sent 
into the interior. When tluy liad obtained coiicessions 
over the couritiy for some 200 miles inland the associated 
capitalists aiiplhd to the British Government for a cliarti'r, 
which was granUd on 3rd Septenilier 1888, and the 
Association became the Imperial Britisli East Africa Com- 
IMiny (see Ciiaktkrkd Comihniks). The example set by 
the British company in obtaining a lease of the coast strip 
Iwitweeu the British sphere of inilucnce and the S('a was 
quickly followed by the German Association, w^hich, on tln^ 
28th April 1888, concluded an agreement with the Sultan 
Khalifa, who had succeeded his brother Burghash, by 
which the Association leased th(' stri]) of Zanzibar territory 
between the German s])here and the sea. It w’as not, 
however, until August that the German officials took over 
the administration, and their w’ant of tact and ignorance 
of native administration almost immediately jirovoked a 
rebellion, of so S'nious a character that it w^as not suj)- 
pressed until tht* Inqxu’ial authorities had taken the matUT 
in hand. Shortly after its suppression the administration 
was entrusted to an Inqierial officer, and the Sultans 
rights on the mainland strij) were bought outright by 
(jrermany for four millions of marks. 

Events of great importance had been happening, mean- 
while, in the country to the west and north of the British 
U and Sphere of influence. The British company had 
^ sent caravans into the interior to survey the 

country, to make treaties “with the native chiefs, and to 
rejxirt on the commercial and agricultural possibilities. 
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One of those had gone up the Tana river. But another 
and a rival expedition was proceeding along the northern 
bank of this same river. l)r Carl Betel’s, wffioso encigy 
cannot bo denied, whatever may bo thought his 

methods, set out wdth an armed caravan up the 1’ana on 
the jiretext of leading an exjicdition to tlic relief of Emin 
Pasha, who wus then reported to be* liemnied in by tlie 
dervishes at Wadelai. His exj^odition was not sanctioned 
by the Genmui Governnient, which was at that moment 
receiving material assistance frf>m Gn'at Britain in tin* 
sup])ression of tlie Bushin rebellion, and the British naval 
commander had orders to ]>re\ent his landing. But 
Peters succeeded in evjidiiig the, British vessels and pro- 
ciHMled uj» the river, i»lanting German flags and fighting 
the natives who opposed his progress. Early in 1890 he 
reached Ka^irolldo, and there found Ldters from Mwanga, 
King of Uganda, addiessed to Mr F. .1. Jackson, the 
leader of an exi>edition sent out by the British East 
Africa Com]>any, imi)loring Ibe Company’s representative 
to come to his nssisUinee and ofl(*ring to accept the British 
flag. To previous letters, less ])lninly couched, from the 
King, Mr Jackson had return< d the answer that his 
insiruetions were not to eiitiu Uganda, but that he would 
d«) so in ease of need. The letters that fell into Peters's 
hands were in reply to those from jMr Jackson. Peters did 
not hesitate to open the letters, and on reading them lie at 
once ]>roceeded to Uganda, wIktc, w'ith the assistance of the 
French Komaii Catholic* priests, he succeeded in inducing 
Mwanga to sign a loosely-worded tieaty intt'iided to pla(‘e 
him under German protection. On hearing of this Mr 
Jackson at once set out foi Uganda, but Peters did not 
W’ait for his arri\al, leaving tor the south of Victoria 
Nyaiiza some days bt‘lore Jackson arrived at ]\Ieiigo, 
!Mwanga’s capital. For the complicated story of European 
relations with Uganda, reference must be made to the 
article on the Ucjanda Piiotkctohate. It must be suffi- 
cient to say liere tliat, as Mwanga would not agree to 
jVlr Jackson’s proposals, Mr Jackson returned to the coast, 
leaving Mr Gedge at Mciigo to })roteci the Com])any\s 
interests. Captain Imgard, who had recently centered the 
Company’s emplojuneul, was at once ordi'red to proceed to 
I^anda. But in the meantime an event of great import- 
ance had taken place, the conclusion of an agreement 
between Great Britain and Germany with reference to 
their different spheres of influence in vaiious parts of 
Africa. 

The Angl()-(iprman agreement of 1st July 1890 has 
already been referred to in connexion w ith German Bouth- 
West Ainca. It was, however, ot much greater 
iiuportiiiico in reference to East Africa. In 
return for the cession of Heligoland, Lord 
Balisbury obtained fiom Germany the recjigni- of i 890, 
tion of a British protectomte over the doiiiiiiions 
of the Sultan of Zanzibar, including the islands of 
Zanzibar and Pemba, but excluding the strii> leased to 
Germany, v\'hieh was subsequently ceded absolut(‘ly to 
Germany. Priuce Bismarck further agreed to withdraw’ 
the })rotectorat(» declared over Witu and the adjoining 
coast U]i to Kisiiiayu, in favour of Great Britain, and 
to recognize as wdthin the British si>here of 
influence the v^ast an a bounded^ on the south by the 
frontier line laid down in the agreement of 1880, which 
was to extended along the first parallel of south 
latitude across Victoria Nyanza to the frontiers of the 
Congo Free State ; on the west by tlu* (^ongo Free State 
and the western watershed of the Nile, and on the north 
by a line commencing on the coast at the north bank of 
the mouth of the river Julia, then ascending that bank of 
the river until it reached the territory reserved to the 
influence of Italy in Gallaland and Abyssinia, when it 
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followed the frontier of the Italian sphere to the confines 
of Egyj>t. To the south>west of the German sphere in 
East Africa the boundary was formed by the eastern and 
northern shore of Lake Nyasa, and round the western 
shore to the mouth of the Soiigwe river, from which j>oint 
it crossed the Nyjisa-Tangaiiyika plateau to the southern 
end of the last-named lake, leaving the Stevenson Hoad on 
the British side of tluj boundary. The efii‘ct of this 
treaty was to remove all serious causes of dispute about 
territory Kitween (Germany and Gnat Britain in East 
Africa. It rendered (juite valueless Dr Pi'Uts’s treaty 
with Mwanga and his jiroiuenade along the Tana; it 
freed Great Britain from any fear ^)f German comix^tition 
to the northwards, and na'ognized that hi'r influence 
extcMidetl to the- western limits of the Nile vallt*y. But, 
on th(j other hand. Great Britiin liad to i-elinquish the 
ambition of connecting her splu‘re of influence in tiie Nile 
valley with her possessions in the Nyasii Tanganyika 
region. On this point Geniuiny was ijuite obdurate* ; and, 
as we have already seen, an attaiijit subseijuently made 
(May 1894) to si'cure tliis object by th«' lease of a strip of 
territory from the Congo Eree State*, was frustrated by 
German opposition. 

Uganda having thus been assigne<l to the British sphere 
of influence! by tin* only liluroi)(‘an I*ow<‘r in a position to 
contest its possession with lier, tin* subset |U(*nt history of 
that region, and of tin* country f»etween the Victoria 
Nyanza and tlu! coast, must be traced in the articles 
on East Africa, British, and Imjanda, but it may be 
well bri(*fly to record h<‘ie the following facts; — The 
Imjierial British East Africa Company, finding the 
burden of administration too heavy for its financial 
resources, and not ree-eiving the assistant* it felt itsi'lf 
entitled to receive from the Imperial authorities, in- 
timated that it won hi be coinp(‘Jled to withdraw at the 
end of the year luinds were raised to enable the 

Company to <*oiiliiiU(‘ its administration until the end 
of Mari!h 18i).*l, and a strong }uiblie ])rotest against 
evacuation compelled the Govirnmeut to det(*rmme in 
favour of the leteiitioii of tin* country. In Januaiy 1893 
Sir Gerald Tortal left tlu* (’o.ist as a sjiecial (jommissioncr 
to iiujuire into the “best means of dealing with the 
country, wlu*tlu‘r lliiough Zanzibar or otherwise.” On 
the 31st March the Eiiion Jack was raised, and on the 
29th May afresli tiealy was eoiicluded with King Mwanga, 
placing his country luidiT British prott'ction. A fornial 
protectorate was declared over Uganda ])ro[)er on 19tli 
tfuuo 1891, which was subsequi*iitly extimded so as to 
include the countries w'est wards towards the Congo 
Free State and eastwards to the British East Afriea 


Protectorab*. This Jatt(*r juotcctomte w’as consti- 

tuted in June 1895, when the IinjK*rial British East 
Africa Company relimjuislied all its riglits in exchange 
for a moiuy jjuymenl, and the administration was assumed 
by the Impeiial authontics. 

In 1883 Italy lunl obtaint'd her first formal footing on 
the African coast at the Bay of Assab (Aussa) on the 
Ked Sea. In 1885 the troubh*s in which 
Egypt found lierself involved compelled the 
AMca, Khedive and his advisers to loosen their hold 
on the Red Sea littoral, and, with the tacit 
approval of Gr(*iil Biitain, Italy took possession of 
Massawa and other ])orts on that cojist. By 1888 Italian 
influence had been extended from HasKasar, on the north, 
to the northern frontier of tin* Fri*ncli colony of Obok 
on the south, a distance* of some 050 miles. The interior 
limits of Italian influence w'cre but ill defined, and King 
John of Abyssinia viewed with anything but a favourable 
eye the approach of the Italians towards the Abyssinian 
highlands. In January 1887 an Italian force was almost 


annihilated at Dogali, but the check only served to spur 
on the Italian Government to fresh efforts. The Italians 
occupied Keren and Asmara in the interior, and eventu- 
ally, in May 1889, concluded a treaty of peace and friend- 
ship with the Emjjeror Menelek, who had succeeded King 
John on the death of the latter in battle with the 
dervishes. This agreement^ known as the Treaty of 
Ucialli, settled the frontiers lictween Abyssinia and the 
Italian sphere, and contained the following article ; — 

XVII. His Mifiesty tho King of Kings of Ethiopia consents to 
avail hnnself ol the Italian (Tovornmont for any negotiations w'hich 
ho may enter into with tho other Powers or (jovornnients. 

In Italy, and by other European Governments, this 
article was generally rc^garded as establishing an Italian 
jirotectorate over Abyssinia ; but this interjirctation was 
miver acccptt*d by the Emperor Menelek, and at no time 
did Italy sucijced in establishing any very effective control 
over Abyssinian affairs. North of tho Italian coast sphere 
the Ki!d Bea littoral was still under Egyptian rule, while 
immediat(*]y to the south a small stretch of coast on the 
Bay of Tajura constituted tho sole J^Vench poss<*ssion on 
the East African mainland. France had, in 18()2, obtained 
from the Danakil tribes a concession of “the liarbour, 
roadsti'ad, and anchmge of Obok, situated near Cape 
Has Bir, with the plain extending from Has Aly to the 
south, us far as Has 1 )ameirah to the north.” It was not, 
however, until 1 883 that the ])lacc was effectively occupied, 
and in the following year tr(‘atk*s were concludt*d with tho 
Sultan and chiefs of Tajura extending the French sphere 
to the southern side of the gulf of that name. TJie East 
India Comjiany had, as far back as 1840, concluded a 
treaty of friendship with the governor or cliief of Zeila, 
not far from the Bay of Tajura; and when Kgyjitian claims 
to tlu* Somali coast were withdrawn Great Britain took 
the opjiortuiiity to establish her influence on the northern 
Somali coast, opposite Aden. Betwe(*n 1st jMay 1884 
and 15th March 1880 t(*n treaties were concluded, placing 
under British inflmuice the northern Somali coast from 
Has Jibuti on thi! west to Buiidi*!- Ziadeh on the east. In 
the meantime Italy, not content with her acijuisitions on 
the lied S<‘a, had been concluding treaties with the 
Somali chiefs on tlie east coast. The first treaty was ma<lo 
with th(! Sultan of 0])pia on the 8tli February 1889. 
Later in the same yi*ar the British East Africa Comjiaiiy 
transferred to Italy, the transfcjreiice lieing subseijuently 
approved by the Sul tin of Zaiiziliar, the ports of Brava, 
Meurka, Magadisho, and Warshekh, leased from Zaiizilmr. 
On the 21th March 1891 an agreement betw^een Itily and 
Great Britain fixed the northern lank of the Juba up to 
latitude 6"' N, as the 8outht*rn bouiidaiy of Italian 
influence in Somaliland, the boundary being piovisionalJy 
prolonged along lines of latitude and longitude* to the 
intersection of the Blue Nile with 35“ E. longitude. On 
the 1 5th April 1891 a further agreement lixed the northern 
limit of the Italian sphere from Has Kasar on the Red 
Sea to the point on the Blue Nile just mentioned. By 
this agreement Italy was to have the. right of ttjinporarily 
occupying Kassala, which was left in tlie Anglo-Egyjitian 
sphere -in trust for Egypt —a right of which she availed 
herself in 1895. To complete the work of d(*limitatioii 
the British and Italian Governments, on the 5th May 
1894, fixi*d the boundary of the British Bjdiereof influence 
in Somaliland from tho Anglo-French boundary, which had 
biM.*n settled in February 1888. The interior limit of 
British Somaliland thus agreed upon was subsequently 
modified in 1897 by an agreement with the Emperor 
Menelek, made by Sir Hennell Hodd ou behalf of Great 
Britain. I'he effect of this agreement was to reduce the 
area of British Somaliland from 75,000 to 68,000 square 
miles. 
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But while Great Britain was thus lending her sanction 
to Italy’s ambitious schemes, the Abyssinian emperor was 
becoming more and more incensed at Italy’s pretensions 
to exercise a protectorate over Ethiopia. In 1883 
Menelek denounced the treaty of Uciali, and eventually, in 
a great battle, fought at Adowa on Ist March 1896, the 
Italians were disastrously defeated. By the subsequent 
treaty of Addis Abhiba, concluded on 26th October 1896, 
the whole of the country to the south of the Mareb, the 
Bolesa, and Muna rivers was restored to Abyssinia, and 
Italy acknowledged the absolute iudejiendence of Abys- 
sinia. The effect of this was practically to destroy the 
value of the Anglo-Italian agreement as to the boundaries 
tr) the south and west of Abyssinia ; and negotiations were 
iift(Twards set on foot iKitween the British, the Egyptian, 
.ind the Abyssinian Governments for determining the 
Abyssinian frontiers. 

The position of Egy^it is theoretically unchanged since 
the abolition of the Dual Control, though in fact British 
influence is now recognized as virtually paiuinount in 
Egypt iiroper. In the reconquered Anglo- Eg3q»tian 
Sudan, which consists of the bjiTitory south of the 22iid 
]>arallel of latitude, the adiniuistli||llon is carried on in 
accordance with the terms of a convention betwi'c^n the 
British and Egyptian Governments, signed at (*airo, 19th 
January 1899, under which the British and Egyjitian 
flags are used bjgether. Tripoli still remains a Turkish 
province. In Tunis the French protectorate has prac- 
tically eliminated the B('y for all but ceremonial i)urposes. 
In Algeria France, in her progress south and south-west, 
has come into conflict with Morocco. In the 
AtoJwco 1899 an attack by some of th(^ 

inhabitants of the Tidikelt oasis on a French 
“ scientific ” mission furnished the oce^asioii for which 
France had long lieen seeking for the occupation of a 
number of groups of oases in the western Sahara, known 
as the Tiiat Oases, and consisting of Tuatj^^SEidikelt, 
and Gurara. The last two grou]>s were oocmued by 
French troops after some fighting, and at the Sgfm 1900 
I'rance was preparing to make, good her hold on these two 
groujiH and to establish her influence in Tuat j^rojicr, the 
Sultan of Moroeex) having jirotested to the European 
Bowers against the action of France and asked for their 
intervention. The occujiatiou of Igli, half -way Ixstween 
the frontier of Morocco jirojier and Tuat, by French iroojis 
further excited the Sultan’s subjects. The claim of 
Morocco was that the trilics of tlie oases owed allt*giance 
to the Sultan, and that France acknowledged tluuii to be 
within the Moorish sphere of influence by the treaty of 
1845, which is the only document fixing the frontier 
between Morocco and Algeria. At tht* o]Kuiiiig of the 
Berlin Conference S])aiii had established no formal claim 
to any part of the coast to the soutli of Moroevo ; but 
while the conference was sitting, on 9th January 1885, 
the S^ianish Government intimated that in view of th«* 
importance of the Si^anish settlements on the Rio Oro, at 
Augra de Cintra, and at Western Bay, and of the docu- 
ments signed with the independiuit trilx^s on that coast, 
the King of Sjiain had taken under liis iirotectioa “ the 
t.jrritories of the western coast of Africa comprised 
between the fore-mentioned Western Bay and Cajie 
Bajador.” Numerous atteiiqits were made with France to 
s ‘ttlo the landward extension of Siiain’s ])osse.ssions in this 
l»art of Africa, both Governments claiming to include the 
Adrar country within their s^jbere of influence; but in 
1900 an agreement was come to by which Spain recognized 
the French claim to Adrar and agreed to the twelfth 
meridian west of Greenwich being the eastern boundary 
of the Spanish sphere, north of the Tropic of Cancer, the 
boundary line to the south being deflected westwards so 
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as to leave the Sebkha, or dry salt lake, of Ijil to 
France, The same agreement settled a long-standing 
dispute between Spain and France as to the ownershi]) 
of the district around the Muni river to the south of 
Cameroon, and Bjiaiu secured a block of territory, with a 
coast- Hue from the Canijio river on the north to the Muni 
river on the south. The northern frontier is fonmd by 
the German Cameroon (*olony, the eastern by 11“ 20' E., 
and the southern by the 1st parallel of north latitude to 
its point of intersection with the Muni rivei. 

Apart from this small block of S|utnish ten itory soutli 
()f Cameroon, the stretch of coast between C^aju* Blaneo 
and the mouth of the Congo is partitioned among 
four Euroi>ean Powers — Great Britain, Franee, 

Germany, and Poitugal —and tbti negro republic Africa. 
of Liberia. Follow ing the coast southwards from 
Ca|>e Blanco vre come first to the French colony of Senegal, 
which is indebted, along the Gambia river, by the small 
British colony of that name, and then to tlie com f)a rati vely 
small teiritory of Portugue^e Guinea, all lliat remains on 
this coast to nqiresent Portugal’s share in the sci amble in a 
region where she once played so consyiicuous a pari. To 
the south of Portuguese Guinea is the French Guinea 
colony, and still jmrsuing our way south and cast W'e come 
to the. British colony of Sierra Leone, the rij»ublic of 
Fiilxu'ia, the French eohmy of the Ivory (Joast, the Biitish 
Gold Coast, German Togoland, French Dahonuy, the 
British colony of l^gos, tin* British temloiy of Sou tin rn 
Nigeria, the German colony of C^amerooii, tin* Spanish 
settlements on tlie Muni rivei, the French (ilabiiii c*olony, 
and the small l^ortuguesi* enclave north of the Congo, c*f 
wdiich the ])riueii)al town is Kabinda, which is adminis- 
tratively patt of the Angola colony. When th(* Geiieial 
Act of the Berlin Conferenct^ was signed tin* whole of this 
coast-line liad not l)et*n formally claiiind . but no time was 
lost by the PoAvers int(*rest<*d in notifying claims to the 
unappropriated sections, and lh»* conflicting claims put 
forward necessitated frequ(*nt ad.iustmc*nts by international 
agrei'inents. Before describing tin* results of tin se agree 
ments, both on the coast and in the interior, it iiiay In* in 
teresting to glance briefly at one or two of the main 
features of the ]»robleiii w)iit*h so many rival Poweis W’cre 
ajiproaching from their several stand] loiiils. The dmiii- 
iiant part in West Africa has l)c*eii jdayed by Fiance. Her 
anxiety to connect her West African ix)sst*ssi 0 iis with 
Southern Algeria, and her Congo colony with both, has 
already been alluded to. Ancillary to this desire w'as 
the wish to establish a continuous tijrri tonal conni‘xion 
Ix'tween her scxittered possessions on the West African 
coast. When tins design was (*ousciously adopted as the 
object of French statesmanship, it is very dillicult to say, 
but for several years belon* the Berlin Conference niilitaiy 
and exploring exix.*ditions had been i>ushed forw'ard into 
the great Niger bend from the up]>er waters of the Senegal, 
and the pur]K)se bi'canie clearer and more di'fiiied in the 
strenuous years of struggle tbext followed the Coiift*rence. 
The exhaustion of Portugal, the apatliy of the Bntisli 
Government, and the late arrnal of Geimany in the field, 
are all elements that favoured the success ol Fiance’s 
West African ])ohcy. If, in her laiger design of joining 
on her cmqiire in the Western Sudan to her ]K>ssessions on 
the Congo, she ex])crieiicx*d a check by lea son of the 
vigour with which British interests were jmslied on the 
Middk« Niger and eastwards to Lake Chad, the credit for 
this cannot Ixi claimed by the British Government, but is 
due entirely te the Itoyal Niger ComjMny and its dis- 
tinguished governor, Sir George Taubmaii Goldie. France’s 
double object was to secure as large a share of the Niger 
basin as possible, and to make Lake Chad a French lake. 
In this latter object she was not wholly successful, and for 
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the much-desired communication between the Western 
Sudan and the Congo was reluctantly coraijelled to go 
round the northern and eastern shores of the lake, inst<^ad 
of through the richer and inoie poimlous regions to the 
west and south of the lake. The real struggle in West 
Africa was between Franee and Great Britain ; but before 
tracing the stt^jis of that histori<; contest, it may be well to 
deal briefly with the part played by the other Powers in 
West Africa. 

Portuguese Guinea, with a coastline of some 200 miles, 
is entirely surrounded by French possessions. Its frontiers 
NV( 5 re fixed by an agreement signed at Paris on 
th(! 12th May FSHG. The northern frontier 
“ ’ extends almost due east from C^ajui lioxo for 

about 200 miles, then the boundary turns due south 
for 80 or 00 miles, and then sweejis west and 
south in a curve to the mouth of the nvei Cajet. By 
another article in the siune agri'cment the boundaries of 
the Portuguese Congo endavc with the J‘^reiich Congo 
colony are determined. 

The negro republic of Liberia has a cfiast line of alxiut 
350 miles in length, stretching from tlu* river Mano and 
the frontier of Sierra Jjeoiie to the riven* Cavally 
anil the French Ivory (^»ast. Its interior limits 
were fixed by agreenuuits with Gi(M.t Britain on the 11th 
November 1885, and with Franci* on th(3 Hth Decenil)er 
1892. Starting from the left bank of the Mano river, the 
frontier extends generally in a north-easterly and northern 
direction, the coast -line having been traced by an Atiglo- 
Liberian Boundary (Vnnmission, until it reaches a ])oint 
about half-way between the Hth and 9th ]»arallels of 
north latitude, when it strikes du(^ east to beyond the 
9th meridian of we.st longitude, then strikes south-(*ast, 
and after a short run due east intersects the Cavally river, 
which it follows to the coast. 

It will be remembered that Dr Nachtigal, while the 
proposals for the BitIiii CJoiiference wen* under discussion, 
had planted the* (h*rmaii flag on the coast of 
Owmmny m Cameroon in the month of July 

Cmmerooa, LHSt. In Cameroon Germany found herself 
with flreat Britain for a neighbour to the 
north, and with FranCs* as her southern neighbour on the 
Ghibun river. The utmost activity was displayed in 
making treaties with native chiefs, and in securing as wide 
a range of coast for Geniiau enter} »risc as was jiossible. 
Jn May 1885 a jirovisioiial agreement was made lx‘tween 
Great Britain and Germany as to the northern limits of 
Germany’s activity. This was subseipiently modified in 
August 188G, and on tin* 28th March 1887 Great Britain 
renounc.nl in favour of Germany her sovereignty over 
Ambas Bay. In the famous agreenn*iit of 1st July 1890 
a “ provisional hue of demarcation ” was adojited, starting 
from the head of the liio del U(*y cre‘.*k and going to the 
point, about 9 8' F. longitude, marked “ rapids ” on 
the British Ailmiralty Chart. By a further agreement of 
14th April 1893, tin right liank of the Ilio del Rey was 
made the boundary between the Oil Rivers Protectorate 
(now Southern Nigeria) and Cameroon. In the follow- 
ing Novembjr (1893) the boundary was continued from 
the “ rapids ” Ihdore mentioned, on the Old Calabar or 
Cross river, in a straight lino towards the centre of the 
town of Yola, on the Benue river. Yola itself, with a 
radius of some 3 miles, was h'ft in the British sphere, 
and the German boundary followed the circle eastwards 
from the point of intersection as it neared Yola until it 
mcit the Benue river. From that })oint it crossed the river 
to the intersection of the 13th d^'gree of longitude 
with the 10th degree of north latitude, and then made 
direct for a point on the southern shore of Lake Chad 
^‘situat'd 35 minutes east of the meridian of Kuka, this 
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being the distance between the meridian* of Kuka and 
the Hth meridian east of Greenwich, measured on the 
ma}>(by Kiepert) published in the German Kolontal Atlas 
of 1892.” Provision was made for settling a new terminal 
l»oint of the German boundary on Lake Chad, should our 
present want of knowledge of the geography of that region 
render such an alteration desirable*. By this agreement 
the British Government withdrew from a considerable 
section of the u})})*'!* waters of the Benue with which the 
Royal Niger Coiii})aiiy had entered into relations. The 
object of making this sacnlice was, however, apparent. 
France was, as we have, seen, eageily desirous of securing 
the whole of Lake Chad for h<'rsclf. By giving Germany 
access to the lake Great Britain at the same time satisfied 
German ambition as to the hinterland of the Cameroon 
colony and iiiteri>osed a liarrier against the junction of the 
French Congo and the French »Sudan to the south and 
Avest of the lake. Tlie limit of Germany’s possible exten- 
sion f*astwar(ls was fixed at the basin of tlie river Shari, 
and Darfur, Kordofan, and the B.ihr-c*l-Ghazal were to bo 
excluded from her sphc*re of iiifiueuce. Germany now 
found h(*rhi‘lf in a position to come to terms with 
France as to the southern and eastern limits of Cameroon. 
She had already, on the 24th December 1885, signed a 
jirotocol witJi France fixing her southern frontier from the 
mouth of the river Caiiipo to the intersection of that 
liver with the lOtli degree of east longitude, thence 
along the iiarallel of latitude to the })oiiit of its 
intersection with 15" E. longitude. But to the cast 
German exjJorers were crossing the track of French 
exjilorers from the northern bank of the Mobangi, and the 
need for an agre(*nu*nt was obvious. Accordingly, on the 
1th F(*bruary 1894, a jirotocol — wliich, somi* weeks later, 
w*as confirmed by a convention — was signed at Berlin, by 
which Francii accejited the jiresence of Germany on Lake 
Chad as a fait accompli and effected the best bargain she 
could by making the left bank of the Shari river, from its 
outlet into Lake Chad to the JOth jiarallel of north 
latitude, the eastt*rn limit of G(‘rman extension. From 
this ]>oint the boundary line went due west some 230 
miles, then turned south, and with various indentations 
joined the south-ea5tt‘rn frontier, which had been slightly 
extended so as to give Germany access to the Sangha riv^r 
— a tributary of the Congo. Thus, early in 1894, the 
Gt*riiian Cameroon colony had reached its i»resent definite 
limits. 

The German Togoland Settlements occupy a narrow 
btrij) of the Guintu Coast, somii 35 miles only in 
length, wedged in betwet*n the British Gold ^ t ^ 
Coast and French Dahomey. At first France • 

inclined to dispute Germany's claims to Little Popo 
and Porto Seguro ; but in December 1 885 the French 
Government acknowledged the German protectorate over 
these i)laci*s, and the boundaiy between French and 
Cii*rnian territory, which runs in an irr(*gular line almost 
due north from the coast to the 11th degree of lati- 
tude, was Jai<l down by the Franco-German Convention of 
12tli July 1897. It was not, Jiowever, until the end of 
1899, after two years of arduous and constantly-mterrui>ted 
labours, that the Joint Commission comyileted the work of 
delimitation. The fixing of the lltli iiarallel as the 
northern boundary of German exiiansion towards the 
interior was not accomplished without some sacrifice of 
German ambitions. Having secured an opening on Lake 
Chad for her Cameroon colony, Germany was anxious to 
obtain a footing, on the Middle Niger for Togoland. 
German exjieditions reachijd Gando, one of the tributary 
states of the Sokoto empire on the Middle Niger, and, not- 
withstanding the existence of prior treaties witih Great 
Britain, sought to conclude agreements with the Bultan of 
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that country. But this German ambition conflicted both 
with the British and the French designs in West Africa, 
and eventually Germany had to be content with the 
11th parallel as her northern frontier. On the west 
the Togoland frontier on the coast was fixed in July 188G 
by British and German commissioners at 1“ 10' E. longi- 
tude, and its extension towards the interior laid down for 
a short distance. By a further agreement in 1888 the 
boundary was extended so as to leave the district of Towe, 
Kowe, and Agotime within the German sphere, and to 
include the countries of Aquamoo and Crepee within the 
British protcictorate. A neutral zone farther north was 
also agreed upon at the same time. The agrt'ement of 
1st July 1890, alrfiady so frequently referred to, defaned 
the limits up to this neutral zone ; but it was not untd 
November 1899 that, as part of the Samoa Settlemt‘iit, 
this neutral zone was partitioned Ix'twecsn the two Powers 
in such a manner as to leave the imi»ortant trading cemtre 
of Salaga to Great Britain and that of \'endi to Germany. 
At the same time the territory to the north of the neutral 
zone up to the 11th parallel was divided between the 
Gold Coast and Togoland, and the present limits of both 
colonies were then definitely di'ttTmined. 

The story of the struggle between France and Great 
Britain in West Africfi may roughly be divided into two 
- ^ sections, the first dealing with the C<jast 

Prtnch colonics, the second dealing with tht‘ struggle 

compethioa for the Middle Niger and Lake Chad. As 
regards the coast colonies, France was wholly 
^ successful in her design of isolating all Gn^at 

Britain’s separate possessions in that region, and of secur- 
ing for herself undisputed possession of the Upinir Niger 
and of the countries lying within the great bend of that 
river. When too late, the British Government awoke to 
the consciousness of what was at stake ; but France had 
obtained too great a start. Fnmch governors of the 
Senegal had succeeded, before the Berlin Conference, in 
establishing forts on the U])per Niger, and the advantage 
thus gained was steadily pursued. Every winter season 
French posts were pushed farther and farther along the 
river, or in the vast rt*gions watered by the southern 
tributaries of the Senegal and Niger rivers. The two most 
formidable chiefs encountered by France werivAhmadu, a 
son of the famous El-Haj-Omar, and Samory, a man of 
humble origin who had risen by force of character to l>e 
the ruler of an immense area of country in the ITpjK?r 
Niger basin. Campaign after cam|iaign was fought 
against this formidable chief by Gallieni, JJesbordi's, F rey, 
Archinard, and other French officers ; but it was not until 
September 1898 that Samory s power was finally broken, 
and he himself captured. In 1887 the Almamy of Futa 
Jallon, who had formerly been anxious to obtain British 
protection, signed a treaty placing the whole of that 
mountainous region under French protection. Simul- 
taneously with her military opcTutions France undertook a 
series of splendid exploring expeditious in the Niger 
countries. In 1888-90 Cajitaiu Binger traversed the 
regions between the Up]KT Niger and the Guinea Coast, 
making tre^aties all along his route. In the campaign of 
1890-91 Sego, one of Ahmadu’s princi]tfil towns, was 
captured by Colonel Archinard. In 1891-9:3 Ca])tain 
Monteil traversed the Niger bend from west to east, and 
from Say made his way to Lake Chad, returning to 
Euroiie across the Sahara to the Mediterranean. In 
December 1893 Timbuktu was occupied by Colonel 
Bonnier, in defiance of the order of the civil authorities, 
and every year saw one or more fresh cxjieditions launched 
by France, regardless of cost, into the Niger basin. This 
ceaseless activity met with its reward. Great Britain 
found herself comixjlled to acknowledge accomplished facts 


and to conclude agreements with France, w^hich left her 
colonies mere coast patches, with a very limited extension 
towards the interior. On the 10th August 1889 an agree- 
ment was signed by which the Gambia colony and pro- 
tectorate was confined to a narrow stri]) of territory on 
both banks of the river for about 200 miles from the sea. 
In June 1882 and in August 1889 jirovisional agreements 
were made with France fixing th<‘ wvstern and nortlnTii 
limits of Sierra Leone, an<l c<iminiKSioners were ai)]>oiiited 
to trace the line of demarcation agreed uj>oij by the tw’o 
Governments. But the comniiKsioneis failed to agree, 
and on the 21st Jainmry 1895 a fi(*sh agreement was 
math*, the boundary being subsequently traced by a mixed 
coinmission. Sierra Li*on(‘, as now" definitely constituted, 
lias a coast line of about 180 miles and a maximum 
extension tow^xnls tins interior of some 200 miles. 

At the date of the Berlin (^onfenmcc' the present colonies 
of Lagos and th(‘ Gold Coast constituted a single colony 
und(T the title of the Gold Coast Colony, but on the 13th 
January 1880 tlu* Gohl Ct)ast Settlements were erecteil 
into a separate colony. The eoiist limits of the new colony 
were declared to extend from 5" W. longitude to 2‘ 
E. longitude*, but these limits were subsequently cur- 
tailed by agreements with France and Germany. We 
have already followed the course of the arrangem{*nt.s that 
fixed the eastern frontier of the Gold Coast Colony and ite 
hinterland in connexion with German Togoland. On the 
western frontier it march(‘S with the French colony of the 
Ivoiy Coast, and in August 1889 the tw'o Governments 
agreed that the frontier should start from the neighbour' 
hood of the Tanoe lagoon, and rivtr of the same name, and 
should lie prolonged to tlu* 9th degree of north latitude 
m accordance with the treatic's conclud(*cl by the two 
Governments with the uativt‘s. Great Britain being allowed 
full liberty of action as regards the Ashantis. Com- 
missioners having failed to agree as to the delimitation of 
the frontier, plenipotentiaries were ai>poiuted in EurojK* 
by the two Governments, and on the 12th July 1893 an 
agreement w"as signed setting out in detail the course of 
th(j frontier up to the 9th di‘grt'(* of north latitude. In 
August 1896, following tht* destruction of the Ashanti 
jiower and the deportation of King Preinpeh, as a result 
of the second Ashanti cam])aign, a British protectorate 
was declared over the whole of the Ashanti teriitorics and 
a Resident was installed at Kuinassi. But no northern 
limit had been fixed by tlie 1893 agreement Ixyond the 
9th parallel, and the countries to the north — Gurunsi 
(Grusi), Mossi, and Gurma—were entered from all sides 
by rival British, French, and German ex^jeditions. The 
coutiicting claims established by these rival expeditions 
may, however, liest be considered in connexion with the 
struggle for supremacy on the Middle Niger, and lu the 
Chad region, to which we must now" turn. 

A few days bt'fon^ the meeting of the Berlin Conference 
Sir George Goldie had succe(*ded in buying up all the 
French interests on the Lower Niger. The 
British coiiqiany’s influence had at that date 
been extended by treaties with the native chiefs cbad. 
U]) the main Niger strt^am to its junction with 
the Benue, and some distance along this latter river. But 
the great Fulah States of the C't'ntral Sudan were still 
outside European inlliienci*, and this fact did not escajie 
attention in Germany. German miTchauts had been 
settled for some years on the coast, and one of ttieui, Herr 
Flegel, had displayed great interest in, and activity on, 
the river. Ho recognized that in the dt'nsely-j>opulated 
States of the Middle Niger, Sokoto and Gando, and in 
Bornu to the west of Lake Chad, there was a magnificent 
field for Germany’s new-born colonizing zeal. The German 
African Society and the German Colonial Society listened 
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eagerly to Herr Flegel’s j)ropo8a1s, and in April 1885 he 
left Berlin on a mission to the Fulah states of Sokoto 
and Gando. But it was impossible to keep his intentions 
entirely secret, and tli(^ British National African Associar 
tion hod no desire to see the French rivals, whom they had 
with so much difficulty dislodged from the river, replaced 
by the even more troublesome flerman. Accordingly Mr 
Joseph Thomson, the young Scottish exjilorer, was sent 
out to the Niger, and had the satisfaction of concluding 
on the 1st June 1885 a treaty with “ ITmoru, King of the 
Mussulmans of the Sudan and Sultan of Sokoto,” which 
praeti evilly secured the whole of the trading rights and the 
control of the Sultan’s foreign relations to the British 
com])any. Mr Tiiomson concluded a similar treaty with 
the Sultan of Gando, so as to provide against the possi- 
Idlity of its being alli‘ged that Gando was an itidt*jH>ndeiit 
stat» and not subject to the suziTainty of tln^ Sultan of 
Sokoto. As Mr Thomson descended tin* river with his 
treaties, he met Hi‘rr Flegel going up the river, with buiidh's 
of Gi*rmau flags and presents for tli(^ cliiefs. The GtTrnan 
Government recognized that they had been forestalled, ami, 
except for the despairing attempt many years later to 
establish relations with (Jando from Togolaiid, Germany 
dropi)ed out of tht* compi‘tition for the Westi'rn Sudan 
and left the tit*ld to France and Great Britain. Afti'r this 
first great success the National African Company renewed 
its efforts to obtain a <*Iiart<M* from the Biitisli Government, 
and on tin* 10th July 1885 the charter was granted, and 
the company beeanu* “ Tin* Iloyal Niger Company, 
chartered and hniiti‘d.” In June of the previous year a 
British protectorati* liad been proclaimed over the whole 
of the coast from the Itio di*l Jiey to the Ijagos frontier, 
and on tin* IJili January 188G the Lagos Settlements bad 
l)eon separated Ironi the Gold Coast and erected into a 
separate colony. It may be eouvenient to state hert* that 
the eastern boundary of Ligos with French territory was 
determined in tin* Anglo-French agreement of lOtli August 
1889, which provideil tliat ‘‘ the line of deniareatjon 
lK?tW(!en the, spheres of influence of the two jjowei-s shall 
be ideiitifyil with tin* meridian which intt*rsects the terri- 
tory of Fortu Novo at thij^AJarra creek, leaving Pokrah, 
or i^)kea, to the lilnglish colony of Lixgos. It shall follow 
the al)ovt»-mentioned meridian as far as the 9tli degree 
of north latitudi*, where it shall stoj».” Thus both in the 
(iold Coast hinterland and lu the Lagos hinterland a floor 
was left wide open to the nortli of the Uth jiarallel. 

Notwithstanding her strenuous efforts, Fiunce, in her 
advaiici* down the Niger from Senegal, did not succeed in 
reaching Sego until the winter of 1890-91, and the rapid 
lidvauce of British influence up the river raised serious 
fears lest tla* Iloyal Niger Coiniiaiiy should reach Timbuktu 
before Franeci could fonjstall her. It was, no doubt, tliis 
consideration tliat induced the French Goveniinent to con- 
sent to the insertion in the agreement of 5th August J 890, 
by which Great Britain r(*cognized France’s protectorate 
over Madagascar, of the following article : — 

The Govoniinerit of Her Bntannic Majesty recognizes the sphere 
of influence of Franco to tlio south of her Mediterranean posses- 
sions up to a lino from Say on the Niger to liarruwa on Lake 
Ch^, (Irawn in such a manner as to comprise in the sphere of 
action of the Niger Company all tliat fairly belongs to the kingdom 
of Sokoto ; the lino to be (Ictf'rmined by the commissioners to be 
appointed. 

The commissioners never were in fact appointed, and 
the proiier meaning to b(^ attached to this article subse- 
quently becaiiK* a subject of bitter controversy between 
the two countries. An examination of the map of West 
Africa will show w'hat iiossibihties of trouble were left 
open at the end of 1890 by tlie various agreements con- 
cluded up to that date. From Say on the Niger to the 
northern limit of the Lagos frontier tliere w'as no boundary 


lino between the French and British spheres of influence. 
To the north of the Gold Coast and of the French Ivory 
Coast Colony the way was equally open to Great Britain 
and to France, while the vagueness of the Say-Barruwa 
line left an opening of which France was quick to avail 
herself. Captain Monteil started on his journey in 1890, 
immediately after the conclusion of the August agreement ; 
but he did not hesitate to l)aB8 well to the south of the 
Say-Barruwa line, and to attempt to conclude treaties with 
chiefs who were, beyond ail question, within the British 
sphere. Still farther south, on the Benu6 river, the two 
expeditions of Lieutenant Mizon — in 1890 and in 1892 — 
failed to do any real harm to British interests. 

In 1892 an event hapjiened which had an important 
bearing on the future course of the disjiute. After a 
troublesome war with Behanzin, king of the im))ortaut 
native state of Dahomey, France annexed some portion of 
Dahomeyau territory on tlui coast, and dt*clared a pro- 
tectorate over the, rt*st of the kingdom. In 1894 Dahomey 
was divided into two kingdoms, and the new sovereigns 
were appointed by France and acceptc*d the French pro- 
tectorate. Thus was removed the liarrier which had up 
to that tim(* prevented France from jmshiiig her way 
Nigerwards from her possessions on the Slave* Coast, as 
well as from the Upper Niger and the Ivory (yOast. Mean- 
while her progrf‘88 from both these directions had been 
consideralib*, and in particular Timbuktu had been ocjcupied 
in the last days of 1893. 

In 1894 it api)ears to have been suddenly realized in 
France that, for thi^ development of tlie vast riigions which 
she was placing under her protection in West Africa, it 
was extremely desirable that slie should obtain free access 
to the navigabhi portions of the Niger. In the neiglibour- 
hood of Bussa there is a long stretch of the river so im- 
]>eded by rapids that navigation is practically imjiossible, 
t‘xce})t in small boats and at considerable risk. Below 
thefMi ra])idH France had no foothold on tlui river, both 
, banks from Bussa to tlu* sea being within the, British 
' spln*re. In 1890 the Koyal Niger Company had concluded 
a treaty with the Kmir and cliiefs of Bussa (or Borgu) ; but 
the French declared that the real paramount chief of Borgu 
was not the king of Bussa, but the king of Nikki, and 
three expeditions were diispatched in hot haste to Nikki 
to take the king under French protection. Sir George 
Goldie, however, was not to be bafflt'd. While main- 
taiuing the validity of the earlier treaty with Bussa, he 
desjMitched Captain (now General). Lugard to Nikki, and 
Captain Lugard was successful in distancing all Jiis French 
comjictitors by several days, reaching Nikki on the 5tli 
Novemlxir 1894, and concluding a treaty with the king 
and chiefs. The French exj>t*ditions, which were in great 
strength, did not hesitate on their arrival to conqKjJ the 
king to exfHJute fresh treaties with France, and with tliese 
in their possession they returned to Dahoiiu*y. Shortly 
afterwards a fresh act of aggression was committed. On 
J 3th February 1 895 a Fnmeh officer, Commanclant Toutee, 
arrived on tlie right bank of the Niger opposite Bajibo 
and built a fort. His pn*sence there was notified to th(* 
Koyal Niger Company, who protested to the British 
Government against this invasion of their territory. Lord 
Rosebery, who was then foreign minister, at oncj made 
inquiries in Paris, and received tlie assurance that Com- 
mandant Toutee was “a private traveller.” Eventually 
Commandant Toutee was ordenid to withdraw, and the 
fort was occupied by thtJ Boyal Niger Company s troops. 
Commandant Toutee subseciueutly published thti official 
instructions from the French Government undiT which he 
had acted. It was thought that the recognition of the 
British claims, involved in the withdrawal of Commandant 
Toutee, had marked the final abandonment by France of 
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the attempt to establigh herself on the navigable portions of 
the Niger below Bussa, but in 1897 the attemx)t was renewed 
in the most determined manner. In February of that year 
a French force suddenly occupied Bussa, and this act was 
quickly followed by the occui)ation of Oomba and II o 
higher up the river. In NovemlxT 1897 Nikki was 
occupied. The situation on the Niger had so obviously 
been outgrowing the cajiacity of a chartered company that 
for some time before these occurrences the assumjjtion of 
responsibility for the whole of the Niger region by tht‘ 
Imperial authorities had lx?en x>ractically decided on ; and 
early in 1898 Colonel Lngard was sent out to the NigcT 
with a numlxir of Imperial officers to raise a local forcf^ in 
prexiaration for the contemplated change. The advance 
of the French forces from the south and west was tht* 
signal for an advance of British troojis from the Nig(»r, 
from Lagos, and from the Gold Coast i)rotectorate. Tht‘ 
situation thus created was extremely serious. The British 
and French flags were flying in close proximity, in somt‘ 
cases in the same village. Meanwhile the diplomatists 
were busy in London and in Paris, and in the latter capital 
a commission sat for many months to adjust the conflicting 
claims. Fortunately, by the tact and forlieararice of the 
officers on both sides, no local incident occurred to x»reci]n- 
tate a collision, and on the 14th June 1898 a convention 
was signed by Sir Edward Monson and M. Hauotaux, 
which finally removed all causes of disputf* as to the 
spheres of influeiicci of th(' two countries in West Africa , 
and, subject to the division of the small area in the 
hinterland of the Gold Coast and Togoland between Great 
Britain and Germany, which was effected in NovemlnT 
1899, completed the jiartitiou of this part of the continent. 

The settlement effected was in the nature of a compro- 
mise. France withdrew from Bussa, Gomba, and Ilo, the 
frontier line west of the Niger being drawn from 
9th parallel to a })oint 10 miles, as the crow 
agreement flies, above Giri, the jiort of Ilo. France was 
ai June thus shut out from the navigable iiortiou of the 

i898. Middle and Lower Niger j but for purely com- 
mtircial jiuriiost's Great Britain agreed to lease to France 
two small jilots of land on the river — the one on the right 
bank between Leaba and the mouth of the Moshi river, 
the other at one of the mouths of the Niger. By accept- 
ing this line Great Britain abandoned Nikki and a great 
part of Borgu, as well as some part of Gando to France. 
East of the Niger the Say-Barruwa line was modified in 
favour of France. From the iiomt indicated 10 miles 
above Giri the boundary follows the Niger as far as the 
mouth of a dry water-course called the Dallul Mauri, 
which it follows till it cuts the circumference of a circle 
drawn from the centre of tht? tow'u of Sokoto with a riidius 
of a hundred miles. The line then follows the northern 
arc of this circle till its point of intersection with the 14th 
parallel of north latitude, which it follows eastwards for 
a distance of 70 miles, then dips due south until it 
reaches the paralhJ of 20' north latitude, then runs 
eastwards along this jiarallel for a distance of 250 miles, 
then turns due north until it regains the. 14th parallel, 
then runs eastward^ again along that parallel as far as its 
intersection with the meridian, jiassing 35' east of the 
centre of the town of Kuka, and thence follows this 
meridian southwards until its intersection with the southern 
shore of Lake Chad, at which point, it. will be remembered, 
the Anglo-German frontier reaches its northern limit. This 
line assigns to France parts of both Sokoto and Bornu. In 
the Gold Coast hinterland the French withdrew from Wa, 
and Great Britain abandoned all claim to Mossi, though the 
capital of the latter country, together with a furthtT ex- 
tensive area in the territory assigned to both countries, is 
declared to be equally free, so far as trade and navigation 
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are concerned to the subjects and protected persons of 
both nationalities. The western boundary of the Gold 
Coast was prolonged along the Black Volte as far as lati- 
tude ir north, and this jiarallel was followed with slight 
deflections to the Togoland frontier. In consequence of 
the acute crisis which shortly afterwards occurred betwwn 
France and Great Britain (in the U]>j»er Nile, the ratifica- 
tion of this agreement was delayed until alter the eon el u- 
sion of the Fashoda agrcvmont of March 1891) already 
referred to. In 1900 tin* two patches on the Niger leased 
to France were selected by comniissioruTs ropres(*iiting tlie 
two countrii‘S, and m thi‘ same year the Anglo-French 
frontier fiom T.<ag 08 to the \v(‘st hank of the Niger w^as 
deliniiUd. But (*ast of the Niger to Lake Chad it had 
not lM‘eu found x»ossible even to make a survey of the 
eountiy through which the boundary will run, before the 
close of the 19th century. 

The settlement of the matters in disjiute with France 
enabled the Britisli Government to carry out si^veral 
changes in the. administration of British NigtTia, which 
had l)f;en in contemplation for some turn*. On the 1st 
January 1900 the Iin)>erial authoii ties took over the whole 
of the tt‘rritoru‘S of tht^ Iloyal Niger Company, which, 
w'lth reduced cajntel, became lien(;efurth a ]»iirely com- 
mercial undertaking. Tlu* Lagos protectorah* was ex- 
tended to the nortliwards, tlie N^ger Coast l*i otictorate 
became Southern Nigeiia with ( xteiided fioiitiers, and the 
greater jiart of tlic tt‘rritories fornuTly administered by the 
coinjiany were constituted into Northern Nigeria— all 
three arlmiuistrations Ixung i>lace(l under the Colonial 
Office. In like manner France, having definitely fixed 
her international fioutiers, turned hei attention to a 
rearrangement of Iut ])OssessionH. The French Sudan 
w’as abolished as an administrative entity, large slices 
of territory were added on to l)ahomt‘y, the Ivory 
Coast Colony, FVeiich Guinea, and Scmegal, the jiortions 
not assigned to these coloim*.s, all of which were 
under civil administration, being created military districts. 
For thi* limits assigned to the various French colonies in 
West Africa, refereuct' must be made to the articles deal- 
ing with each. 

There are, around the cojist, iiumtTOUS islands or groups 
of islands, which are n gaided by geographers as outliers 
of the African mainland. Tlu* majority of these 
African island.s were occupied by one or othw of 
the £urojK*an Fowlers long before the period of 
continental partition. The Madi ira Islands to tlu^ west of 
Morocco ; the Bissagos Islands, oft the Guini‘a Coast , and 
Princess Island and St I'homas* Island, in the Gulf of 
Guinea, are Portuguese possessions of ohl standing ; while 
in the C'anary Islands and Fernando Po Spain poasesscs 
remnants of her ancient colonial empire which are a more 
valuable asset than any she has accpiired in recent times 
on the mamlaiid. St Ilelena m the Atlantic, Mauritius, 
anil some small gioups nortli of Madagascar in the Indian 
Ocean, are BntisJi ]»o.ssessions acijuired long prior to thi* 
o]xiiiing of the lust quarter of the 19th century. Zanzibar, 
Pemba, and some smaller islands which the Sultan was 
allowed to retain were, as has already been stated, jilaced 
under British ]»roteetion in 1890, and the island of 8ocotia 
was placed under the “graeums favour and piotection of 
Great Britain on 23nl Ajuil 188(). Franci''s owinuvsbip 
of Reunion dates buck to the 17th century, but the 
Comoro Archipelago was not placed under Frencli protec- 
tion until April 188(). None of tliest* islands, with the 
exception of the Zanzibar group, have, however, materially 
affected the (lartitiou of the continent and they need not 
be enumerated in the table which follows. But the im- 
portant island of Madagascar stands in a different category, 
both on account of its size and because it was during the 

S. I. — 21 
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period under review that it passed through the various 
stages which led up to its becomuig a French colony. The 
first stop was the placing of the foreign relations of the 
island under French control, which was effected by the 
tw^aty of 17th iJecenilier 1885, following the Franco- 
Malagasy war that luul broken out in 1883. In 1890 
Great Britain and Germany recognized a French protec- 
torate over the island, but the Hova government declined 
to acquiesce in this view, and in May 1895 France sent 
an expedition to enforce her claims. The capital was 
occu]>ied on 1st Octob(*r in the same year, when Queen 
llanavalona signed a convention recognizing the French 
f>roti*etorate. In January 1896 the island was declared a 
Frencli possession, and on 6th August was dc'clared to be 
a Krench colony. In Febniu.ry 1897 the last vtistige of 
aucii»nt rule was swept away by the di'portation of the quetjn. 
Although the “ Brussels Act’’ of 1890 did not affect the 
actual territorial }>artitiori of Africa, it had a direct bearing 
The manner in which the PowtTs discharged 

BmeelB the obligations which they assunn^d in ac<juiring 
Act of African tiTritory, and must therefore bt* briefly 

t890. referred to here. The British Government hiwl j 

for long borne the greater jiai t of the burden of combating 
the slave trade on tiie east coast of Africa and in the Indian 
Ocean, but thi‘ changed conditions wliich resulted from 
the appearance of otlu*r European Powers in Africa induced 
Lord Salisbury, then foreign secretary, to address, in the 
autumn of 1888, an invitation to the King of the Btdgiaiis 
to tfike the initiative in inviting a contereneci of the Powers 
at Brussi'ls to concert measures for “ the gradual sujqircs- 
sion of the slave trade on the continent of Africa, an<l the 
immediate closing of all tJie i‘xternal markets which it still 
supjilies.” The conference assembled in November 1889, 
and on the 2nd July 1890 a “G<meral Act was signed 
subject to the ratilication of the various Governments 
re])r(‘seuted, ratification taking jilace subsequently at 
(litFerent dates, and in tht' case of Fmnce with certain 
reservations. The General Act began with a dt*claration of 
the means which the i^owers were of opinion might \k* most 
effectually adopted for “]>utting an end to the crimes and 
devastations engendered by the traffic in African slaves, 
protecting effectively the aboriginal ]>opulatioiis of Africa, 
and ensuring for that vast continent the benefits of jM'ace 
and civilization.” It jiroceeded to lay down certain rules 
and regulations of a jiractical character on the lines sug- 
gested. The Act covers a wide field, and includes no less 
than a huiidn;d separaU* articles. It established a zone 
“between the 20th ]iarallel of north latitude and tht* 
22nd jiarallol of south latitude, and extending westward 
to the Atlantic Gcean and eastward to the Indian Ocean 
and its dependencies, comprising the islands adjacent to 
the coast as far as 100 nautical miles from the shore,” 
within which the imjiortation of firearms and ammuni- 
tion was forbidden except in certain siiecilied cases, and 
within which also the Powi’rs undt'rtook either to prohibit 
altogeth(*r the importation and manufacture of spirituous 
liquors, or to impose duties not below an agn'od-on mini- 
mum. An claborati) series of rules were framed for the 
provontioii of the transit of slaves by sea, the conditions 
on which European Powt'rs were to grant to natives the 
right to fly the flag of the j)roti‘cting Power, and regulat- 
ing the j>rocedure connected with tlie right of search on 
vessels flying a foreign flag. The Brussels Act was in 
effect a joint declaration by tlu* signatory Powers of their 
joint and several responsibility towards the African native, 
and notwithstanding the fact that many of its articles 
have proved difificult, if not impossible, of enforcement, 
the solemn engagement taken by Europe in the face of the 
w’orld has undoubtedly exercised a material influence on 
the action of several of the Powers. 


Thus by the close of the 19th century the political 
XJartition of Africa had practically been completed. There 
remained still for settlement various questions of 
frontier, as between Great Britain, Egypt, and 
Abyssinia in North-East Africa, and between /puu, 
France and Morocco in the north-western corner 
of the continent. The limits of Barotseland to the west 
had to be d^'termined by Great Britain and Portugal, 
and much delimitation work had still to be done*. But 
in its broad outlines the jiartition of Africa was bqgun 
and ended in tlu* short space of a quartcji* of a centuiy. 
Much labour is necessary before the actual area of the 
continent and its sulxlivisions can Ixj accurattdy deter- 
mined, but 111 the following table the figures are at least 
ax>proximately correct, and may be taken to represent the 
political situation in Africa, from the Euro]r)ean stand- 
point, at the ojicningof the 2()th century. It is perhaps 
well to add that m fact large areas of the spheres assigned 
to differmit European Powers are still under native rulers 
who have in no w^ay admitted the title of their European 
overlords. 


Position in 1900. 



Square Mi let* 

British— 

CajKi Colony 

Katal and Zululand . 


277,151 


29,434 

10,293 

BaKuiolaud 


HechiiaualaTid 


386,200 

Transvaal Colony 


119,139 

Orangfi River Colony 

Rhodosia . 


48,326 


600,000 

British Centia) Africa Protectorate . 


42,217 

British East Africa and Uitanda \ aaa 

Protectorates (including Nile basin to 10“ N. J * 

• 

Mi V, MMM 

Bonmliland . . . . 


68,000 

Northern Nigeua 


310,000 

Southern Nigeria 


21,600 

Lagos and '^"oruha 

Gold Coast (and hintcrunul) 


20,600 

, 

74,600 

Sierra Leone 


33,100 

Gambia . 


3,650 

Total British Africa . 


2,713,910 

French— 

Algeria Proiier , 

Algerian Saliura 


184,474 


123,600 

Tunis 


.*51,000 

Senegal . ... 


182,000 

Guinea .... 


92,000 

Ivory Coast 


119,600 

Dahomey . ... 

Sudan Military Districts 

Con^o and Gabun 


69,000 


188,000 


660,000 

Bagimii, Wadai, Kaneni . 

Sahara, including Tibesti 


126,000 


1,892,000 

Somaliland . ... 


14,000 

Madagascar 


228,500 

Total Flench Africa . 

. 

8,804,974 

German — 

East Africa . . . . 

, 

386,000 

Sonth-West Africa 

, 

322,450 

Cameroon . . . . 

, 

191,130 

Togoland . . . . 

• 

84,800 

Total German Afnca 

. 

933,380 

Italian— 

Eritrea ... ... 


88,600 

Somaliland 

• 

100,000 

Total Italian Africa . 

. 

188,500 

Portuguese- 

Guinea . . . . . 

, 

4,394 

484,780 

Angola . * • . . ... 

. 

East Africa .... . . 


801,000 

Total Portuguese Africa 

. 
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Spanish- 

167,400 

Bio de Oro . • 

Hum Biver . . 

1,750 

Total Spanish Airica . 

I <19. 150 

Turrjsu — 


Tripoli and Benghazi 

398,90(1 

Egyptian— 


Egypt Proper . 

Anglo- Egyptian Sudan 

. 400,000 

610,000 

Total Egyptian Airica 

. 1,010,000 

Separate States— 


Congo Free State- 

. 900,000 

Liberia 

52,000 

Morocco . 

219,000 

Abyssinia 

320,000 

Total Iiide)it‘iidout Africa 

. 1,191,000 


Tliufi, collecting the totiila, \\e bee that at tlie prosont day (IDOl) 
Africa is portioned out among the Powers as follows : — 

Stiuart* Miles 

Bn tish Africa . *2, 7 1 li, 9 1 0 

French Africa (including Madagascar) . 3,804,97 1 

(leniian Africa . . 933,380 

Italian Afnca . 188,500 


earned forward 


7,(510,705 


Brought forwani 
Portuguese Africa . 

Bpanish Africa 
lurkish Afnoa 
Kgyiitiaii Africa 
Iiidejiendciit Africa . 


7,040,764 

790,124 

169,150 

398,900 

1.010,000 

1,191,000 


Total Africa (including Alafiugastai ) 11, 199, 938 

AfthoHITIKS.— HKU rsi LI. Mup of J/rn‘a hij Treat n, 3 \oK 
liondon, 1896. SfoiT Kkltie. Pnrixtion of Ajnm^ 2nd ed 
London, 1805 -Silva Whitk. Jtevelopm* ut of Jjrua London, 
1892 . — Ban NINO. Lr PaHage polUtgue de rjjuqu/. liiushcls, 
j 1888. — CoMTic Charles ni: Kinsk\. Lr Continent Ajncani ; 

Manuil (U jHploinirte. Paris, 1897. — OriIihy. Conienlaais 
I Inti mat lomihs , , , en Afrupu, Biusscls, 1898. — Srit Haj.kv 
. loHNSToN Cofoiuzntion of Afrita. Cambridge, 1899 — Kricvi s 
International Beginnings of Congo Free ^Stafe Baltimore, 1894 — 
3 un<,. Deutsche Kolomen Loipsig, 1884 . — Faijih. Fan/ Jdlire 
DnUsclicr Kulonialpolitih, Gotha, 1889 . — Dfmay. Jlistoire de 
la Culomaalwn Allemande. Pans, 1890 . — DkschamI’s Jhstpiis 

de la Qaestion Coloniale ni Fiance. Pans, 1891 Alis. A la 
I Conqaete da Tchrul. Pans, 185)1 — Cauon. Itr Saint- Louts au 
port dc 2'oinhonhtou. Paris, 185)1 .-- (Jham-s. (\)nqiiHc Algeri- 
enne. Pans, 1892.- Bixiacu Dn l^igu an (loljc dc fliiin^epar 
le pays de Kong et Ic Mossi Pans, 1892 .— M ‘Dkumoi r. British 
East Africa. Lomlon, 1893.- LiKtAUD. The Bise oj out East 
Afrwnn Empire London, 1893 Li < \s. Histoncnl Ceogiaphij 
of tlu lint ish Colonies. Oxford 18i)l, — Pkiii Organisa- 

tion des colonics frant^iaes U dts pa gs dc protcctorat. Pans, 1894, 

(j K.K) 


Africa, South. Sou South AtHicA. 

Aflrlcaiy Central. See Central Africa. 
Africa, East. See East Africa. 

AflTA Khan 1 ., His Highness the (1800-1 881), was 
the title accorded by general consent to Hasan Ali Siiaii 
(born in Persia, 1800), when, in early life, he first settled 
in Bombay under the protection of the Britisli Oovorn- 
nient. He was believed to have descended in direct line 
from Ali by his wife Fatima, the daughter of the Prophet 
Mahommed. All’s sou, 1 luoseiu, having married a daughter 
of one of the rulers of Persia l>efore the time of 
Mahommed, the Aga Khan traced his descent from th(5 
royal house of Persia from the most remote, almost 
prehistoric, times. His ancestors had also ruled in 
Egypt as Khalifs of the Beni-Fatamitos for a numlior of 
years at a period coeval with the Crusades. Before the 
Aga Khan emigrated from Persia he was ayijxiinted by the 
Emperor Fateh Ali 8hah to be governor -general of the 
extensive and important jirovince of Kerman. His nile 
was noted for firmness, moderation, and high political 
sagacity, and he suijceoded for a long time in retaining 
the friendship and coufidouce of his master the Shah, 
although his career was beset with political intrigues and 
jealousy on the part of rival and court favourites and with 
internal turbulence. At last, however, the fate usual to 
statesmen in oriental countries overtook him, and he 
incurred the mortal displeasure of Fateh Ali Shah. He 
flew from Persia and sought protection in British 
territory, preferring to settles down eventually in India, 
making Bombay his lieadquai'ters. At that period the 
first Afghan War was at its height, and in crossing 
over from Persia through Afghanistan the Aga Khan 
found opportunities of rendering valuable servi(jes to the 
British army, and thus cast in his lot for ever with the 
British. A few years later he rendered similar conspicuous 
services in the course of the Scinde campaign, when his 
help was utilized by Napier in the i)rocos8 of suMuing 
the frontier tribes, a large number of whom acknowledged 
the Aga’s authority as their spiritual head. Napier held 
his Moslem ally in great esteem, and entertained a very 


high oi»inion of his i)olitical acumen and chi\alry as a 
leader and soldier. The Aga Khan recipiocated the 
distinguishcil British commamhT s confideiup and friend- 
ship by giving repealed jnoufs ot his devotion and attach- 
ment to the British Government, and vvliim he finally 
settled down in India, his ])osilion as the leader of the 
large Tsmailiah sf'ction of MahomnuHlan Bntish subjects 
was recognized by the Government, and the title of His 
Highness was conferred on him, with a laige ] tension. 
Fiom that lime until his death in 1881, the Aga Khan, 
while leading the life of a ]»eaceful and peacemaking 
citizen, under the prot(H*tion of British rule, continued to 
discharge his sacerdotal functions, not only among bis 
followers in India, but towards the moie numerous com- 
munities which acknowledged his religious sway in 
distant countries such as Afghanistan, Klioiassan, Persia, 
Arabia, Central Asia, and even distant {Syria and Morocco. 
He remained throughout uiitliiiLhiiJgly loyal to the 
Britisli Jtaj^ and by his \ast and unquestioned influence 
among the frontier tribes on the northern borders of 
India he exercised a control over their uiiiuly and wild 
jiassions in times of trouble, which proved of invaluable 
sfTvice in the several exi>editions led by British aims on 
the north-west frontier of India. He was aKo the means 
of checking the fanaticism of the more turbulent 
Mahommedans in Britisli India, w’hich in times of internal 
troubles and misunderstandings finds vent in the shape of 
religious or political riots. 

lie w’as succeeded by his eldest son, Acja Kuan II. 
This ]»rince continued the traditions and work of his 
father in a manner that won the ajquobation of the local 
Government, and earned foi* him tlie distinction of a 
knighthood of the order of the Indian Empiit', and a seat 
in the Legislative Council of Bomluiy. 

Aga Khan 111. (Sultan Mahomiiied Shall), only sou of 
the fo’-egoiiig, succeeded liim on his de.itli lu 188r), and is 
the present head of the family and its tk votees. He was 
born in 1877, and, under the fostering care (*f his mother, a 
daughter of the ruling house of Persia, has Wii given not 
only that religious and oriental education which his })osition 
as the religious leader of the Ismailialis made indispensable, 
but a sound European training, a boon denied to his father 
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and grandfather. This blending of the two systems of 
education has produced the happy result of fitting this 
Moslem chief in an eminent degree l>oth for the harerdotal 
functions which api^eriaiu to his spiritual ]» 08 ition, and 
for those 8r>cial duties of a grefit and enlightened leader 
•which he is ca11c*d uj)ou to discharge by virtue of that 
position. lie lias travc‘lled in distant parts of the world 
to receive the homage of his followers, and with the object 
either of settling ditferenexjs or ot advancing their weUare 
by ]»ecuniai 7 h(*lp and personal advice and guidance. 
The distinction ot a Knight Commander of tin* Indian 
Empire was conferred uj)on him by Queen Victoria in 
1807, and he has received like recognition for his public 
services from the German Kmj»eror, tlie Sultan of Turkey, 
the Shah of Persia, anti other jiotentiites. 

(m. m. Bu) 

Aipadas. s a h a ka. 

Affassiz, Alexander (Emanuel) (1835-. 

), American scitmtisl, son of Louis Agassiz, was 

born in Neuchlitel, Switzerland, ITtli December 1835. 
He came to the UniW States with his fall lor in 184C; 
graduated at Harvard in 185.“), subsequently studying 
engineering and chemistry, and taking the degree of 
bachelor of science at th(' LaAvrence Scientific School of 
the same institution in 1857 : tauglit for a time in liis 
father’s school for girls in Cvambridge ; and in 1859 
entered upon his scum tide career by becoming an assistant 
in the United States Coast Survey. Thenceforward he 
became a sjiocialist in marine ichthyology, but devoted 
much time to the invejatigatioii, superintendence, and 
exploitation of mines, being superintendent of the Calumet 
and Uecla cojqier mines, Lake Su])erior (the richest in 
the world) Iroin 18Gfi to 18fi9, and afterwards, as a 
stockholder, acquiring a lortune, out of which he gave to 
Harvard, for the Museum of (yom]iarative Zoology and 
other purposes, some $500,000. In 1875 he surveyed 
Lake Titicaca, Peru , exaTmiu‘d the copper mines of Peru 
and Chile ; and made a collection of JVniviau antiquities 
for the muHoiim, in wliich he had lieen an assistant, under 
his father, from tune to timi', and ot which he was curator 
1874-85, wheu he resigned. He assisted Sir Wyville 
Thomson in tlie examination and classification of the 
collections of the Challnifin' exploring expedition, and 
wrote the Review of tfw Eckim (2 vols., 1872-7-1) in the 
rejiortb. Uetween 1877 anil 1880 lie took jiart in the 
three ilredging expeditious of the steamer Rlakcy of the 
United States Coast Survey, and presented a full account 
of them in two volumes (1888). Ot his other writings 
on marine zoology most are contained m the bulletins and 
memoirs of the Museum of (comparative Zoology ; but he 
published m 1865 (with Elizabeth Cary Agassiz, his 
father’s wife) SeAiside Stiuiien in Natural llUiory^ a work 
at once exact and stimulating, and in 1871 a volume on 
the Marine Amniah of Mansacfiusdts Ray. 

AflfSIli chief town ot de])artmoiit Lot- et- Garonne, 
France, 380 miles S.S.W. uf Paris, on railway from Bor- 
deaux to Cette*. The Garonne is here crossed by a suspen- 
sion and two stone bridges ; one of the latter, a fine structure 
of twenty-three arches, carries the lateral canal. Amongst 
the public buildings arc the catln'dral of St Cajinvis (who 
intr^uced Christianity in the 3r(l century), jiart-s of which 
date from the 12th and 13th centuries, and the ancient 
church of the Jacobins. The industries include the manu- 
facture of drugs and pottery, and there are jihosplmto and 
dye works. Agon is noted for lliie prunes, in which, as 
well also in other fruits, it carries on considerable trade. 
It was the birthplace of Joseph Scaliger the jihilologist, 
the naturalist LacepMc, and the poet Jacques Boe, better 


known as Jasmin. Population (1881), 17,098; (1891), 
18,463; (1896), 18,389. 

Aflfipnigfation, States ef. See Condensa- 
tion or Gases. 

Aflfiraf formerly San Filippo d’Akgir6, a town of the 
province of Catania, Sicily, Italy, 9 miles S.E. from Nicosia; 
standing 2133 ft. above sea-level, with sulphur mines and 
ilour-mills. It is the ancient Argyrimn, one of the oldest 
of the Sikelian towns, and was colonized by Timoleon, the 
liberator of Syracuse, in 339 h.c. It was the birthplace of 
the historian Diodorus Siculus (1 st cent. B.C.). Population 
13,498 (1881); 17,749 (1901). 

Aanew, David Hayes (is 18-1892), American 
surgeon, was born in Lancaster county, Pennsylvania, on 
24th November 1818. He graduated from the medical 
deimrtment of the University of Pennsylvania in 1838, and 
a few years later set uj) in practice at Philadelphiaand became 
a lecturer at the Philadelphia School of Anatomy. He was 
appointed surgeon at the Philadelphia Hospital in 1854, and 
was the founder of its pathological museum. For twenty-six 
years (1863-89) he was connected with thi* medical faculty 
of the University of Pennsylvania, being elected professor 
of operative surgery in 1870 and jirofessor of the 
principles and jiractico of surgery in the following year. 
From 1865 to 1884 — cxce])t for a brief interval— he waa 
a surgeon at the Pennsylvania Hospital. During the 
American Civil War he was consulting surgeon in the 
Mower Army Hospital, near Philadelphia, and acquired 
considerable reputation for his ojierations in curses of gun- 
shot wounds. He attimded as ojieiuting surgcjon when 
President Garfield w^as fatally wounded by the bullet of an 
assassin in 1881. He was tJie author of several works, the 
most important one being a three-volume, 7'/ie Priueiiylee 
and Practice of Surgery He died at l*hiladelphia on 
22 nd March 1892. 

ASfnOStiClsm. - The term ^Sagnostic’’ was in- 
vented by Huxley in 1869 to describe the philosophical 
and religious attitude of those who hold that we c^ii 
have scientific or real knowledge of jihenomena only, and 
that so far as what may he behind phenomena is con- 
cerned -God, immortality, — there is no evidence which 
entitles us either to deny oi affirm anything. The attitude 
itself is as old as Scepticism (y./>.) , but the ex])re88ions 
“ agnostic ” and “ agnosticism ” were applied by Huxley to 
sum up his deductions from those contemj)orary develop- 
ments of metaphysics with which the names of Hamilton 
(“the Unconditioned”) and Herbert Sfieucer (“the Un- 
knowable ”) were associated ; and it is important, there- 
fore, to fix precisely his own intellectual standpoint in the 
matter. Though Huxley only began to use the term 
“agnostic” in 1869, his opinions had taken shajie some 
time before that date. In a letter to Charles Kingsley 
(23rd September 1860) he wrote very fully concerning his 
beliefs : - 

I neither aflirm nor deny the immortalily of man. I see no 
reason for bclievint? it, hut, on the other hand, I have no moans of 
disproving it. I have no a yriori olyeetions to the doetnno. No 
man who has to deal daily and hourly with nature can trouble 
hiiiisolf about a pnort ditficulties. (live mo such evidonoo as 
would justify me in believing in anything else, and I will believe 
that. Why should I not? It is not half so wonderful as the 
conservation offeree or the indestructibility of matter. . . . 

It IS no use to talk to luc of analogies and ])robabiLitic8. I 
know what I mean when I say I believe m the law of the inverse 
squares, and 1 uill not rest my life and my hopes U|>on weaker 
convictions. . . . 

That my ijojrsonality is the surest thing I know may be true. 
But the attempt to conceive what it is leads me into more verbal 
subtleties. I nave cham})ed up all that chaff about the ego and 
tlie non-ogo, noumena and phenomena, and all the rest of it, too 
often not to know that in attempting even to think of those 
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uestions, the humAii intelleot flounders at onoe out of its 
epth. 

And again, to the same correspondent, 5th May 
1863 

I have never had the least sympathy with the a priori reasons 
against orthodoxy, and I have by nature and disposition the 
greatest possible antipathy to all the atheistic and infidel school. 
Kevortheioss I know that 1 am, in spite of myself, exactly what 
the Christian would call, and, so far as I can see, is justified in 
calling, atheist and infidel. 1 cannot see one shadow or tittle of 
evidence that the great unknown underlying the phenomenon of 
the universe stands to us in the relation of a J^'ather-'lovos us and 
cares fbr us as Christianity assorts. So with regard to the other 
great Christian dogmas, immortality of soul and future state uf 
rewards and punishments, what possible objection cau 1 — who am 
compelled perforce to believe in the immortality of what we call 
Matter and Force, and in a very unmistakable present state of 
reward and punishments for our doedn — have to those doctrines t 
Give me a scmtilla of evidence, and I am ready to jump at them. 

Of the origin of the name “ agnostic ” to cover this atti- 
tude, Huxley gave {Coll. Ess. \. pp. 237-239) the follow- 
ing account : — 

When 1 reached intellectual maturity, and began to ask 
myself whether I was an atheist, a theist, or a iiantheist, a 
materialist or an idealist, a Christian or a freethinker, I found 
that the more 1 learned and reflected, the less ready was tho 
answer. The one thin^ on which most of these good |)eople were 
agreed was the one ihmg in which I differed f^om them. They 
were quite sure tliey had attained a certain '' gnosis had more 
or less successfully solved the ])roblom of existence ; while I was 
miitc sure that 1 had not, and had a pretty strong conviction that 
ino problem was insoluble. This was my situation when 1 had 
the good fortune to find a place among tho members of that remai k- 
ablo con fraternity of antagonists, the Me la physical Society. Every 
variety of philosophical and theological opinion was represented 
there ; most of my colleagues were ‘ists of one soi t or another ; 
and 1, the man without a rag of a belief to cover himself with, 
could not fail to have some of tho uneasy feelings which must have 
beset the historical fox when, after leaving the trap in which his 
tail remained, he presented himself to his normally elongated 
companions. So I took thought, and invented what I conc.eivcd 
to be the ajipropriato title of ** agnostic.” It canio into my head 
as suggestively antithetic to the ** gnostic ” of Church history, who 
professed to know so much about the very things of which 1 was 
Ignorant. To my great satisfaction the term took. 

This account is confirmed by K. H. Hutton, who in 
1881 wrote that the word “ was suggested by Huxley at a 
meeting held previous to the formation of tho now defunct 
Metaphysical Society at ]Mr, Knowleses house on Clapliain 
Common in 1869, in my hearing. He took it from St. 
PauTs mention of the altar to the Unknown God.” 
Hutton here gives a variant etymology for the word, 
which may be therefore taken as partly derived from 
dyi/oKTTos (the “unknown” God), and partly from an 
antithesis to Gnostic ; but the meaning remains tho same 
in either case. The name, as Huxley said, “ took ” ; it 
was constantly used by Hutton in the Epectatm^ and 
became a fashionable label for contemporary unbelief in 
Christian dogma, particularly duiing the ’seventies and 
’eighties. Hutton himself frecpiently misrepresented the 
doctrine by describing it as “belief in an unknown and 
unknowable God ” ; but agnosticism as defined by Huxley 
meant not belief, but absence of belief, as much distinct 
from belief on the one hand as from disbelic^f on the 
other; it was the half-way house between the two, 
whore all questions were “ open.” All that Huxley asked 
for was evidence, cither for or against; but this he 
believed it impossible to get. Occasionally he too mis-stated 
the meaning of the word he had invented, and described 
agnosticism as meaning “that a man shall not say he knows 
or btilieves what ho has no scientific ground for professing 
to know or believe.” But os the late Kev. A. W. Momerie 
remarked, this would merely be “ a definition of honesty ; 
in that sense wo ought all to be agnostics.” Agnosticism 
really stands or falls by the doctrine of the Unknowable, 
the assertion that concerning certain objects — among them 
the Deity — we never can have any “scientific” ground for 
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belief. In the ’seventies and ’eighties this way of solving, 
or rather passing over, the ultimate problems of thouglifc 
had many followers in cultured circles imbued with 
the new science of tho day, and with disgust for the 
dogmatic creeds of contemporary orthodoxy ; and its out- 
spoken and even aggressive vindication by physicists of 
the eminence of Huxley had a potent infiueiice upon tlio 
attitude taken towards mehiphysics, and u^ion the form 
which subsequent Christian apologetics adopted. As a 
nickname the term agnostic was soon misused to cover 
any and every variation of scepticism, and just as popular 
preachers confused it with atheism in their denunciations, 
so the callow freethinker — following Tennyson’s path of 
“ honest doubt ” — classed himself with the agnostics, 
even while he combined an instinctivtdy Christian theism 
with a facile rejection of the historical evidences for 
Christianity. 

Huxley’s agnosticism was a natural consequence of tho 
intellectual and philosophical conditions of tlu' ’sixties, 
when clerical intolerance was trying to excommunicato 
scientific discovery because it appeared to clash with the 
book of Genesis. But as the theory of evolution did its 
work, a new spirit was gradually introduced into Christian 
theology, which has turned the controversies between 
religion and science into other channels, and tiiken most of 
the wind out of the sails of agnosticism. A similar effect 
has been produced by the philosophical reaction against 
Herbert Spencer, and by the perce])tiori that the canons of 
evidence refiuired in physical science must not b(5 exalted 
into universal rules of thought. It does not follow tluit 
justification by faith must be eliminatiMl in spiritmil 
matters, where sight cannot follow, because the physi- 
cist’s duty and success lie in pinning belief solely on 
verification by physical phenomena, when the*y alone are 
in question ; and for mankind generally, though possibly 
not for an exceptional man like Huxley, an impotent 
suspension of judgment on such issues as a future life or 
the Being of God is both unsatisfying and demoralizing. 

It is impossible here to do more than indiiaite the 
path out of tho difficulties raised by Huxley in the letter 
to Kingsley quoted above. They involve an elaborate 
discussion, not only of Christian evidences, but of the 
entire subject-matter alike of Ethics and Metaphysics, of 
Philosophy as a whole, and of the philosophies of in- 
<lividual writers who have dealt in their different ways 
with the jn'oblems of cxisti'iice and epistemology. It is, 
however, permissible to point out that, as has liecn ex- 
haustively argued by Professor J. Ward in his Giflbrd 
lectures for 1896-98 {Kahiralism and Affnosticisin^ pulv- 
lished by A. & C. Bhu’k, 1 899, Loudon), Huxley’s 
challenge (“I know what 1 mean when I say 1 believe in 
the law of the inverse stjuares, and 1 will not rest my life 
and my hopes u])on weaker convictions”) is one which a 
spiritualistic philosophy need not shrink from acce]>ting 
at the hands of naturalistic agnosticism. If, as Huxley 
aiimits, even putting it with unnecessary force against 
himself, “ the immortality of man is not half so wonderful 
as tho conservation of force or the indestructibility of 
matter,” the question then is, how far a critical analysis of 
our belief in the last-named dcK*trines will leave us in a 
])osition to regard them as the last stage in systematic 
thinking. It is the pitfall of physical science, immer^d 
us its students are apt to bo in problems dealing with 
tangible facts in the world of experience, that theie is a 
tendency among them to claim a suiicrior status of 
objective reality and finality for the laws to w^hich their 
data are found to conform. But these generalizations are 
not ultimate truths, when we have to consider the nature 
of experience itself. “ Because reference to the Deity will 
not serve for a physical explanation in physics, or a 
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chemicjal explanation in chemistry, it does not therefore 
follow,” as Professor Ward says {op, cit. vol. i. p. 24), 
*‘that the sum total of scientific knowledge is equally 
intelligible whether we accept the theistic hypothesis or 
not. It is true that every item of scientific knowledge is 
concerned with some definite relation of definite pheno- 
mena, and witli notliing else; but, for all that, the 
systematic organization of such items may quite well yield 
further knowledge, which transcends the siKJcial relations 
of definite phenomena.” At the o]»ening of the era of 
modem scientific di8i',overy, with all its fruitful new 
generalizations, the still more highly generalized laws of 
episteincdogy and of the spiritual constitution of man 
might well baffle the physicist and lead his intellect to 
“ floumler ” ; but Logic too is capable of advancing, and 
with a superior Logic the new imjmisaes supplied by the 
revelations of science are not inconclusive to those who 
patiently follow truth. 

Ag^ny. Sec Dahomey. 

Agordat« See Eritrea. | 

AgOStflL See Augusta. 

Affra, a city of British India, in the North-west Pro- 
vinces, which also gives its name to a district and a division. 
The city, on the right liank of the Jumna, 841 miles from 
Calcutta, is now an important railway centre, whence tw^o 
main lines diverge southwards towards Bombay. In 1872 
the population was 149,008; in 1881 it was 160,203; in 
1891 it w'as 1 68,662 ; in 1901 it was 188,300, showing an 
increase of 12 per cent. The death-rate in 1897 was 52 
jHir thousand. It has 2 cotton mills, with 24,450 spindles, 
employing 1200 hands; 7 factories for ginning and press- 
ing cotton ; a tannery and boot factory ; flour mill ; 48 
printing presses. In 1896*97 the government college liad I 
194 students. There are also two missionary colleges. 
The native town is well laid out and handsomely built. 
Only a small garrison is now^ ke])t in the cantonment. The 
munici])a1]ty consists of 3-1 members, of whom 24 are 
elected, with the magistrate as ojficlo cliairnian. Tin* 
water- works provide a daily consumption of 1,338,000 
gallons, iKung 8 gallons per head in the towm, and 11^ 
gallons in the cantonment. The inunici])al income in 
1896-97 aniounUfd to lls,3,82,388. 

The district of A(;ka is traversed by several lines 
of railw^iy, and part of it is irrigated by the Agra 
Canal. Land revoimo and rates (1896-97) amounted to 
118.19,74,298, the incidence of assessment being R.1 : 12 
jKir aero; the cultivated areix was 683,11 1 acres, of which 
313,728 were irrigated from wells, <kc,; the numlior of 
police was 3753; of vernacular schools, 153, with 5265 
pupils ; the registered death-rate in 1897 was 66 per 
thousand. The principal crops are millets, pulses, barley, 
wheat, cotton, and a little indigo. Area, 1845 square 
miles; isipulation (1891), 1,003,796, being 544 persons 
per square mile; (1901), 1,060,546, showing an increase 
of 6 per cent. 

The division of Agra has an area of 10,139 square miles. 
In 1891 the ]>opu1ation vras 4,767,759, l^ing 470 persons 
per square mile. In 1901 the ]>o]iu]ation was 5,248,121, 
showing an increase of 10 per cent., attributed to the 
extension of irrigation from canals. It comprises the six 
districts of Muttra, Agra, Farukhabad, Mainpuri, Etawah, 
and Etah. 

Aflfraifl (Slavonic, Croatian, Zagreh\ a 

municipal town of Hungary, the capital of the provinces 
of Croatia and Slavonia. Population (1890), 38,742; 
(1900), 57,930. It is the seat of an archbishop and a 
university. The inhabitants carry on a brisk commerce 
and industry, its more considerable establishments being a 
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tobacco manufactoxy, the works of the Hungarian state 
railways, a leather manufactory, a manufactory of war 
articles and one of carjiets, drc. The new streets, esj^ecially 
in the lower town, are very fine, with numerous largo 
mansions and excellent statues. The scientific and 
financial institutions are rapidly acquiring a recognized 
status. 

Airricultural Machinery. — Since 1875 

there has been a marked advance in agricultural 
machines — not so much in the invention of machines 
wholly unknown prior to that time, but rather in the 
constant improvement of those which then existed. So 
gradual, however, has been the change that it is hardly 
possible, except in the case of the Self-binding Harvester, 
to point to any single invention as showing a great 
departure from the general lines of develoiunent, though 
the final results are very apparent when the simple, 
strong, and effective machines of to day are compared with 
those of a quarter of a century ago. Under these circum- 
stances it seems undesinible to treiit the subject historic- 
ally, and we siiall therefore illustrate and describe one 
or more types of the latest machines in each important 
class, leaving the reader to judge for himself the extent of 
the advance since the article in the ninth edition of this 
work (vol. i. p. 311) was written. 

American imjdeinent makers liavo gone far ahead of 
Europe or the United Kingdom, and the following article 
is accordingly written from an American standpoint, and 
does not represent the actual conditions in operation in 
more conservative countries (see, however, p. 208 below). 
The several classes of machines will be treated by describ- 
ing them in the order in wliicli they are used in carrying 
on the operations performed : 1st, ploughing ; 2nd, the 
j)reparation of the seed-bed ; 3rd, seeding or planting ; 
4 til, cultivating; 5th, liarvesiiug. 

Where the amount of work to be done is small, and the 
character of the farm do(*s not ^'crmit the use of the riding 
plough, the old, familiar walking plough is still in use ; 
but it lias several serious defects. Owing to the fact that 
the friction between the earth and the })lough is entirely a 
sliding friction, the character of material employed in con- 
structing the plough, and the finish impartiMi to it, and 
also the form given to the parts, have a very inqioi-tant 
effect in determining the force required to c^rry on the 
operation ; and it is in respect of these features that most 
of the improvements in this style of implement have been 
made. Instead of cast iron, left in the rough state as it 
comes from the mould, the mould-board is now made of 
steel, well teraiiered and highly polished, the result of 
which is to improve its scouring qualities, and greatly 
reduce the draft necessary to 0 }>eratii it. The use of this 
form of }>lough (uills for considerable skill and strength in 
holding it to its work, and the attention of the inventor 
has been naturally turned to the production of a machine 
in which these objections are obviated ; and on the larger 
farms, and where the character of the surface pennits it, 
the aulkg or riding plough is now generally used^ (see 
Fig. 1). 

In this form of plough the frame is mounted on three 
wheels, one of which runs on the land, and the other two 
in the furrow. The furrow wheels are placed on inclined 
axles, the plough beam being carried on swinging links, 
operated by a hand lever, when it is necessary to raise the 
plough out of the furrow. The land wheel and the for- 

^ silky machintB for tilling the soil are not used in the United 
Kingdom. The driver is not seated, in the case of ploughs, harrows, 
cultivators, rollers, etc. ; but mowing machines, hay makers, har- 
vesters, Ac., have a seat for the driver, as in the United States. 
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TOrd furrow wheel are adjustable vertically with reference 
to the framci for the purpose of controlling the action of 
the plough. The team is hitched to a clevis at the end of 
the plough beam, and the machine is guided by a pole 
secured to an arm on the upper end of the spindlo of the 
forward furrow wheel; and, by means of a connexion 
lietween this arm and a controlling arm on the spindle of 
the rear wheel, the latter is controlled in turning by the 
former. 

The sulky plough has important advantages over the 
walking plough from the fact that the weight and down- 
ward pull due to its action on the ground are taken by 


where the soil is hard and clayey, it is desirable to plough 
deeper than usual, and for this purpose a subsoilitig plough 
is used, which does not turn a furrow, but digs deeply 
into the ground and thoroughly stirs it. 



Fio. 2.— Disk plough 

Where a hillside is to be worked, a swivel plough 
(Fig. 3) is used. In this machine the mould ^ boiird is 
symmetrical about a line drawn from its Y)oint to the 
middle of its rear end, and is pivoted at its front and 


Fio. 1 —Sulky plough. 

the wheels, and the friction, being thus converted from 
sliding into rolling friction, is much less, and the draft is 
correspondingly diminished. It is also easily guided, and 
the depth of the furrow is readily controlled by the levers, 
which are assisted in their action by s]>ring8, thus greatly 
lightening the labour. The walking plough also possessed 
a serious defect on account of the downward pressure on 
the bottom of the furrow, which not only added to the 
friction, but had the eiiect of forming a hard and smooth 
bottom, which served to turn water, causing it to lun 
along the bed thus formed and wash away the fertile soil. 
This was remedied to some extent by the sulky plough, as 
the bottom pressure was taken up by the wheels; but 
a fonn of plough intended to overcome this defect is being 
introduced into extensive use. 

This plough is built both as a riding and a walking 
plough, and is shown in Fig. 2. The essential feature is 
the substitution of a concavo-convex disk, pivoted on the 
plough beam, for the mould -board and share of the 
ordinary plough. This disk is carried on an axle inclined 
to the line of draft, and also to a vertical plane. As the 
machine is drawn forward the disk turns on its axis 
and cuts deeply into the ground, and, by reason of its 
inclination, crowds the earth outwards and thus turns a 
furrow. A scraper is provided to keep the disk clean and 
prevent sticking, and a small plough in the rear squares 
the comer of the furrow. The controlling levers and 
^ft arrangements are similar to those already described 
in connexion with the sulky plough.' The advantage of 
tlm plough over the ordinary form is in the absence of 
sliding friction, and in the mellow and porous condition in 
which it leaves the bottom of the furrow. 

Variations in soil and in the character of the surface of 
farming lands have led to various modifications of the 
plough to suit it to these different conditions. In cases 



Flu. — Swivel pluuKli 

rear to the landside, so that it can swung underneath 
from one side to the other, and thus chaugtMl from right 
to left hand, in order that the furrow may be always 
turned down hill. 

Preparation of the SeedrBed, 

The ground having been ploughed, it becomes necessary 
to pulverize it and break up the clods to furnish a good 
seed-bed, and for this purpose the harrow is used. 

Harrows , — ^The oldest and simj>lest form of harrow 
consisted of a frame of wood, having on its under side a 
number of teeth, which, as the implement was drawn over 
the ploughed field, combed or raked the surface until it 
was substantially level. The first step in imj)roving this 
harrow consisted in building the frame of steel bars and 
forming them in two or more sections secured to a 
common draft bar by flexible connexions, thus enabling 
the harrow to accommodate itself more exactly to the 
inequalities of the ground, and to secure a more perfect 
result. A harrow of this type is shown in Fig. 4. 

In this machine the teeth are secured to bars pivoted at 
their ends in the side bars of the frame, and provided with 
crank arms connected to a common link l>ar, which may be 
moved horizontally by means of a lever for the purpose of 





168 AGRICULTURAL MACHINERY 


adjusting the angle 'which the teeth make with the ground, smoothing harrow. The small figure illustrates a spring 
and thus convert the machine from a pulverizer to a connexion between the adjusting lever and Its locking 



Fia. 4.— TIarrdW 



Showing tooth mechanism of harrow. 


bar, which allows the teeth to yield upon striking an 
obstruction. 

The course of imi)rov(»ineiit of the harrow has been 
much the same as in the plough, /.f'., in so constructing it 
that the ofn^rator may ride and control its movements 
with ease from his seat on the machine. 



Fio. 5. — Spring tooth tiamiw. 

hlg. , 5 illustrat(‘8 a spring-tooth harrow arranged for 
riding. In this harrow tin. iudependeut frames are 
carried ujion wlieels, and a seat for the operator is 
mounted u])on standards Ruj)port^d by the two frames. 
The teeth consist of flat steel springs of scroll form, which 


before described. The levers enable the operator to raise 
the teeth more or loss, and thus free them from trash, 
and also regulate the depth of action. 

The next improvement of the harrow is illustrated in 
Fig. 6. 



Kio. 7.— llollttr piilvwisser. 


This machine consists of a main frame, having a pole 
and whifHe-trees attaclic^d, and to this frame are pivoted, 
near their outer ends, two supplemental frames, each of 
which has mounted therein a shaft carrying a series of 
concavo-convex disks. The supplemental frames may be 
swung by the adjusting levers to any angle with relation 
to the line of draft, and tlie disks then act 
like that of the disk plough, throwing the 
soil outward with more or h'ss force, ac- 
cording to the angle at which they are set, 
and thus thoroughly breaking up and 
pulverizing the clods. Above the disks 
is a bar to which are pivoted a series of 
scrapers, one for each disk, which are held 
to their work with a yielding action, being 
thrown out of operation when desired by 
the levers sliown in connexion with the 
operating bar. The |jans on the main 
frame are used to carry weights to hold 
the disks down to thidr work. 

For the purpose of more thoroughly 
pulverizing the soil, a roller is frequently 
used, and an improved form of this im- 
plement is shown in Fig. 7. 

It consists of a set of skeleton rollers car- 
ried on a sliaft, and revolving freely in such 
a manner that the longitudinal bars break 
up all lumps as the roller passes over them. 

One of the haixlest and most disagree- 
able tasks of the farmer is the hauling and 
*distribution of manure and fertilizers ; and 
for the purpose of lightening his labours in this respect a 
machine has been produced (see Fig. 8). 



Fio. 6. ~ Disk harrow. 


yield to rigid obstructions, and an* mounted on rock 
shafts in the same manner as in the walking harrow 
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It consists of a waggon, the bottom of which is f onued 
by a travelling bed or apron driven by suitaUe connexions 




FfO. 10 .— ^Broadcast seeder. 


adjustable, and draws the feed-wheels in or out through a 
revolving washer in the side of the feed-cups, thus exix)s- 
ing more or less of the width of the teeth and regulating 
the quantity of seed carried thereby. 


A very convenient and cheap form of broadcast seeder 
is shown in Fig 10. 

This machine consists of a seed-hopper, mounted on a 
special tail-board, which can be substituted for the one 
generally used by the fanner on his waggon ; a driving 
shaft, also mounted thereon and connected by a sprocket - 
chain with a sprocket-wheel on one of the rear whet Is of 
the waggon ; a rotating seed -plate in the bottom of thc^ 
hopper; and a distributing wheel, shaped miicli like a 
windmill, upon which the grain falls, Tlie seed is very 
effectively scattered from the distributing whind by centri- 
fugal force. 

Machines used for drilling the seed in rows are sub- 
stantially like the broadcast st^eder, excei)t that4;he seed 
falls from the tubes into a boot, as illustrated in Fig. 11. 


Fir.. S.— Fortillznr cliKtributor 

with the wheels of the waggon. At the rear is mounted a 
revolving spiked drum or cylinder, which tears up and 
distributes the fertilizer as it is fed by the apron. 

Seederti and. Planters, 

The soil liaving been prepared, the next step is to sow 
the seed, and this is done either by broadcasting, drilling, 
or planting in hills. 




IV- 









Pia. 0. — UroadcaKt 

The broadcast seeder (see Fig, 9) consists of a wheeled 
frame carrying transverstdy thereto a seed-box having a 
number of se^-cups in its bottom into which the seed 
falls, and extending through these cups is a shaft carrying 
feed-wheels, one for each seed-cup. These feed-wheels 
are similar to a common spur gear, and serve to feed the 
seed regularly and deposit it in the downwardly extending 
tubes, where it falls upon an inclined plate and is sca.ttered 
in all directions. The feed-shaft is made longitudinally 


Fio. 11 — 'GnUti drill. 

Each of these boots is carried on an arirt hinged at its 
forward end to the main frame, and ]>rovided at its lower 
end with a hoe, which makes a shallow furrow fot the 
seed. 

In some of the latest machines other forms of furrow- 
making devices are substituted for the hoes, and two of 
these variations are illustrated in Figs. 12 and 13. 


Fxo. 12.— Shoe fhrrowor. 

In Fig. 12 the furrow is formed by a shoe consisting 
of two plates converging at their forward ends, and spaceil 
apart immediately beneath the boot, through which tlie 
seed falls into the furrow. 

In rig. 13 the furrowing tool is the concavo-convex 
disk, set at an angle to the line of draft as in the disk 
plough, and the seed is dropped into a sj>ace formed 
botweeu the disk and a fiat plate secured to the lower 
end of the boot and bearing against the concave face of 
the disk. 
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In the United States the maize or Indian-eom crop^ 
exceeds all others in value, and machines used in planting 

and handling this 
crop are of great im- 
portance. Corn 
(maize) is sometimes 
listed or planted in 
a continuous row like 
wheats and for this 
purpose a machine 


Fm. 18.— ]>i»k furrower. 

known as a lister is employed, which is shown 
in Fig. 14. 



in both directions, so that a cultivator may be driven 
between them. work is done by a machine called a 

check row com planter, shown in Fig. 15. 

In using the com planter, a wire, having buttons 
attached theret^ at intervals corresponding to the distance 
between the hills, is first stretched across the field and 
anchored at its ends. This wire is then placed upon the 
guide rollers at the side of the machine and passes between 
the jaws of a forked lever, which is connected at its other 
end with a rock -shaft passing across the machine and 



Fio H —Maize Hater. 

In its general construction this machine is a sulky 
])lough, having a doul»lo mould-board, which turns the 
furrow in both directions. Immediately behind the plough 
is a sub-soiler for dee]»cning the furrow and ])enetrating to 
the moist soil below the surface. A seed-box is mounted 
on the plough beam, and is }3rovided with a feed -plate 
operated by a shaft geared to one of the wheels. The 
seed is delivered to the furrow in rear of the sub-soiler 
and covered by two shovels which turn the soil back into 
the furrow. 



Fio. 15.— Clu'ck row com plantar. 

It is, however, more common to plant maize in hipg^ 
which are spaced eq ually from each other and form rows 

* In America the word “corn” usually sigiiilies maize, uot wheat— 
as iu the United Kingdom— and so throughout this article. As a grain 
crop maize can only be grown in Europe in the southern parts and in 
the Danube valley. 


Fio. 16.— Check row com planter. 


serving to oscillate a feed -plate in the bottom of each 
seed-hopper. As the buttons on the check-wii*e strike the 
forked lever, the latter is dmwn to the rear and causes the 
feed- plate to drop the seed through the tubes into the 
open space between tbe plates of the furrowing shoo. 
The reel at the rear of the machine is used to take up the 
check-wire as the jdanter progresses. 

In one of the latest corn jdanters, shown in Fig. 16, 
the check-wire is dispensed with, and the macliine is pro- 
vided with a shaft cariying two reels, the blades of which 
are at a distance apart equal to the distance between the 
hillH of corn, and thus measure the intervals at which the 
com is to 1)0 dropped. A rod, extending from the side of 
the machine, and carrying a small wheel, marks the next 
row and serves as a guide to the driver. 

Potatoes are also planted by a special machine, which 
may be seen in Fig. 17. 



Fio. 17.— Potato planter. 

The potato planter consists of a frame mounted on 
wheels, carrying a seed-box and usually a receptacle for 
fertilizers. The potatoes are fed by a suitable valve-plate 
into a chamber in which revolves a wheel having at the 
extremities of its spokes pins which impale the potatoes 
one by one, and carry them over to the seed tube, through 
which they fall into the furrow opened for them by a shoe, 
in the same manner as in the com planter. An endless 
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apron feeds the fertilizer and drops it with the potatoes, 
the furrow being closed by a pair of disks which follow 
the seed tube. 

CvltivcUcrs cmd WeederB. 

It is important, after the seed has been planted and 
sprouted, to keep the ground in a porous condition, in 
order that it may absorb and retain moisture, and be easy 
of penetration by the growing roots. This result is 



Fio. 18.>-Cnltivator. 


attained by the use of cultivators, and their construction 
will be easily understood from Fig. 18. 



Fjg. 10.— Disk cultivator. 


'Uhese machines are made as walking cultivators ; but, 
as in all the implements before described, the tendency is 
to provide a machine upon which the operator may ride. 
The drawing shows one adapted for either mode of opera- 



Pio. 20.— Weeder. 


tion. It comprises an arched axle, to extend over the row 


of plants ; a draft fram^ secured to the axle ; and a i»air of 
cultivator frames, carding small shovels for breaking up 
the soil. These cultivator frames are hinged at their 
forward ends to the main frame, and are supported by 
springs, so that they would be normally raised from the 
ground ; but the necessary ))reRRure is applic^d by tlio feet 
of the rider, or by the hands of the ojicrator in case he is 
walking behind the machine. 

The latest forms of the cultivator, as shown in Fig. 1 9, 
substitute for the shovels two stits of concavo-convex disks, 
operating precisely as in the disk plough and harrow Ik* 
fore mentioned. 

Fig. 20 shows a new type of weeding machine now 
coming into use, and consiRting of a wheeled frame, to 
which the team is attached, and from which de]»end a 
number of spring wires, whoRe action is to rake and tear 
out the weeds. A lever permits the operator to adjust 
the angle of the teeth with the ground. 



In Fig. 21 is Rhown a very interesting implement, 
whi(;h is intended for gardeners, and is pushed by tlie 
operator. By changing one i)aTt for another, by simply 
detaching them and imikiug tlie necessary substitution, 
the machine may Ik* used as a hill or drill seeder and 
marker, a plough, a wheel hoe, a cultivator, and a harrow 
or rake. 

llarimterB^ 


Mowing machines have long l)een in use, but have 
been constantly improved in construction, and the modern 
machine far exceeds in durability and convenience of 



FiQ. 22.— Mower. 


operation that which was in use a few years ago. It is 
now made almost entirely of iron and steel, with very 
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little wood, and this construction enables all joints to be I bars, which extend rearwardly between the teeth, prevent 

l. t ^ . -A I At- _ ■ ^ ! S 


made much stronger and more j>ermanent, 
A recent form of mower is shown in 
Fig. 22, The cutter bjir is of the well 
known tyj)c. Tlie draft evener slides in 
guides upon the tongue, and is connected 
with the coujding liar in such a manner 
that the weight of the entire cutting a]i])a- 
ratus is taken off the ground, thus pro- 
ducing a very light running machine. 
Levers are providecl for tilting the finger 
liar for cutting closer or higher, and a 
second lever raises the coupling frame and 
linger bar in passing obstructiouh. The 
latter ojieratioii may also be jierfornied by 
tlie foot of the operator jircssing upon the 
curved lever at tiie rear of tht‘ axle. 


I the hay from clinging and ensure its discharge. 




Fio 2H - Liwn Mowi'i 

For mowing lawns, tlie iimchino shown in 
Fig. 23 is used. 

Instead of a r<»ci]»r<Kviting knife, the lawn 
mower cmjdoys a revolving rec'l, leaving 
spirally-arrange<l knives wdiich inii»iiige upon 
a stationary knife and cut the grass with a 
shearing action wliicli is more effective in 
short and tender grass than a r(*cii»rocating 
knife. The gauge roller at the rear of the 
machine regulates the lieiglit of tlie cut. 

Instead of raking liay hy hand, the farmer 
now emi>loys a horse rake, ’which is illustrated 
in Fig. 24. 

The liay is raktMl by the sjiring teeth, 
and when a sutticient quantity to form a 
wind-row luis accumulated, the driver presses 
with his foot iijion a lever ojierating a clutch 
and connecting the rake lieail to the driving 
wheels. The rake is thus raisi'd and the 


Fio. 25. — Side delivery horse rake. 

In Fig. 25 is shown wliat is known as a side -delivery 
horse rake, which takes up the hay by means of a re- 
volving toothed cylinder, from which it is taken by a 
toothed ctirrier and delivered upon a transversely moving 
apron. The liay is thus discharged from the machine in 
a continuous wind-row', extending in a direction parallel 
with the line of draft of the machine. 

Another labour-saving machine is the tedder (Fig. 26) 
used for sjireading and turning the hay while it is being 
cured. 



Pic. 24.— Horae rake 

load dumped by the action of the team. The clearer 


Pio. 20.— liay tedder. 

This machine is mounted on two wheels, and carries in 
lieariugs at the rear of the frame a multiple-cranked shaft, 
provided with a series of forks sleeved on the cranks and 
having their upiier ends connected by links to the frame. 
As the crank-sliaft is driven from the wheels by jiroper 
gearing the forks move upward and forward, then down- 
ward and rearward, in an elliptical path, and kick the hay 
sharply to the rear, thus scattering and turning it. The 
tedder forks are hinged to the arms and are provided with 
cranks connected by rods to springs on the arms, being thus 
enabled to yield aud avoid breakage by striking an obstacle. 

For loading the hay on waggons a combined hay rake 
and loader, shown in Fig. 27, may be used. 

This machine* is coupled to the rear of the hay-rack and 
is drawn over the field, the revolving hay rake picking up 
the hay and feeding it to the ele^Tlto^, which consists of 
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an endless belt driven from the wheels, and discharging | to the point where it is to be deposited by horse- 
the hay into the rack as it follows the machine. I power. 

If the hay is to be stacked, a drag-mke 
and stacker, as showni in Fig, 2H, may be 
employed. 

The drag-rake consists of a triangular 
frame, having a suj)])orting wheel at each 
/ ftngle, and a rake lit'ad pivoted to the frame 

^ pa^lel with the iKise of the triangle. Tin* 

rake iifwl can be lowered so tliat the teeth 
M ^ sweep the ground and ttike up a large 

((uantity of hay. The lake is then driven 
to the stacker and the load is deposited on 
elevating rake, which is hoisted by a 
system of pulleys and ro])es, and discharges 
I ■ the hay on to the stack. 

m ^ shipped it is advantageous 

I to bale a press by horse-power 

the purpose. 

^ mL The hay-press a hopper 

into which tlie loose hay is fed in a 

by means a to 

the 

^ of the lever then the plunger 

retreats, a now charge of hay is fed, and 
^ ^ ' ' I I / / movement is rejieated. In this way the 

' • hay is pressed into a compact Iwile, wires 

Pio. 27.- Hay Miko awlloader. passc-fl around it and secured, and tlie 

bale is then ejected. By treating the hay 
111 storing hay In the bams the work may bo done by j in this manner much storage space is saved, and, in 
a travelling carrier ranning on tmeks abovo the hay mow, 1 shixiinng, the freights are greatly reduced, lu fact, it 



Fia. 28.— Drag rake and stacker. 

the hay being removed from the waggon by means of a I 
harpoon fork or by slings upon which it is laid when put | 









Fio. 29.— Ilay baling press. Fum 80.— Potato digger. 

in the waggon. The fork or slings are attached to the | would be impossible to ship hay to any distance unless it 
pulley of the carrier, and the load is elevated and carried | were baled. 
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Potatoes are, perhaps, most often dug hy hand, hut 
there are also machines and implements provided for this 
purpose. 

One of the simplest of jHitato diggers (Fig. 30) consists 
of a double plough, to each wing of which are secured 
rearwardly extending fingers. As the plough is drawn 
through the field, the potatoes are thrown up, and as they 
slide over the fingers the loose earth is sifted through, 
while the potatoes fall off at the rear upon the surface of 
the ground, from which they are picked uj) by hand. 



P’lo 81 —Potato dlRpcor 

A slightly different form of digger is sliown in Fig. 31. 
'riiis plough throws up the jiotatoes like the former one, 
but turns them off on each side, where th(*y fall upon a 
floating frame composed of Hte(*l nxls, wliich are <»iused to 
vibrate by the inec|ualiti(\s of tli»‘ ground, sifting out the 
i^arth and leaving the potato(;s on the surface. 



Potato digger 

A more complicated form oi 
potato digger is shown in Fig 
This machine is designed to be 
clniwn by a pair of hors(*s, and 
carries at its forward end a ])ower- 
ful scoop, which takes uji earth 
and potatoes, delivering tJiein iijioii 
an endless carrier driven from tin' 
wheels of the machine Tins 
carrier is coiu]»osed of rods, and 
is given a vibrating motion by 
which most of the earth is sifti'd 
out, and the potiitoes art' tlis^ 
charged ujion a second carrier 
which completi's the operation. 

The scoop can be otyusted by a suitable lever to dig at 
any desired depth. 

Grain IIartmfern. 

Twenty-five years ago grain was harvested by machines, 
but they were very different in cliaracter from those now 
in use, and in no class of agricultural machines has inven- 


tion made so great a change. Most of the gram was then 
harvested by machines cutting by a rwiprocatmg knife 
and throwing the gi*ain upon a travelling canvas apro^ 
which delivered it to a second elevator apron cartying it 
over the driving wheel, where it was dropped upon a table 
and bound by an attendant. These machines were fur- 
nished with a divider at the end of the cutter bar for 
separating the grain to be cut from the standing grain, 
and also with a reel which pressed forward into the stand- 
ing grain and pushed it Imck to present it properly to the 
cutter bar. All these arc essential features of the modern 
harvester. 

About 1873, what was jirobably the first commercially 
successful automatic self- binding harvester was brought 
out in the Locke wire binder. This was extensively used 
for several years, and wire binders were also built by other 
manufacturers, but there were serious objections to their 
use, principally on account of pieces of the wire being 
carried into the threshing machines and even into the 
flour -mills, where, by contact with the rapidly moving 
machinery, they were likely to cause fires. 

The attention of inventors was then turned to the twine 
binder, but although some of the eaidiest attempts at grain 
binding were made with twine, even antedating the wire 
binders, it was not until 1879 that the Appleby patent, 
under which most of the self-binding harvesters of to-day 
are built, was taken out; and it was not until several 
years later that they came into extensive use. Some of 
the most important j)artH of the binder had been invented 
before the Appleby patent, such as the 
automatic trip which regulates the action of 
the binder, invented by Gray in 1858, and 
the knotting bill and revolving cord-holder, 
patented by Behel in 1864. For various 
reasons, however, none of these inventions 
went into use until they were embodied in 
the Appleby machine. The self -binding 
harvester is probably the most ingenious 
and inten'sting of all agricultural machines, 
and will be briefly described. 

Fig. 33 shows a rear view of the self- 
binding harvester. As already explained, 
the grain is licnt over and jiresented to the 
recijirocatiug cutter bar by means of the 
revolving reid, and is then conveyed by the 
a})ron and elevator over the master wheel 
and discharged upon the downwardly in- 
clined binder table. 



Fio. 88 — Self'biniliiif; liarvPMUir. 


As the grain flows from the elevator, the butts are at 
the front of the machine and are evened up by a device 
called a butt adjuster, shown in Fig. 34, which is con- 
nected to a crank at its ui)per end and guided on a rod at 
its lower end, beihg thus given an elliptical movement and 
lotting the ends of the grain, thus squaring the butt of 
the sheaf. 
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The grain moving on down the binder deck ieformrded 
tqr the paokeia, as seen in Fig. 35. These consist of a 



Fio. 84. — Butt adjuster. 

pair of arms sleeved upon cranks on a constantly driven 
shaft, and having their lower ends connected by links to 



Fio Binding in<H;hanisni. 

the frame of the machine. By means of the packers, the 
grain is forced against the compressor or trip arm until a 



Fio. 80.— Knot'tying mechunlstn. 

sufficient quantity has accumulated to form a bundle, the 
size of which is regulated by suitable ai^usting devices. 
When the pressure on the trif) arm becomes sufficient to 
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overcome the tension of the spring, shown at the right of 
the figure, the latter yields, and the trip latch, being 
oonne^ed to the compressor shaft, is raised and releases 
the end of a dog carried on a by which the knoiter 
shaft is driven, and the dog is immediately thrown down 
by a spring engaging a lug on the packer shaft. This 
starts the knotter shaft, which c^irries the compressor cam, 
and, the cam wheel being connected by a pitman with the 
needle shaft, the needle moves upward, passing the cord 
round the bundle. Simultaneously with the motion of 
the needle, the compressor is forced against the grain, and 
the bundle is tightly compressed In tween the compressor 
and the needle, tJius taking most of the strain off the cord. 

Previously to the upward movement of the needle, the 
cord is held by one end in the cord holder, which lic‘8 outsid(i 
the knotter bill, as seen in Figs. 36 and 37, and extends 



Fig. 37. -Knot-tjing niPdianlsm 


over the knotter, underneath the bundle, through the eyt* 
of the needle, and thence to the twine box. A.s tlio needle* 
carries the cord upward, the wicond strand is laid over the 
knotter and cord holder, and, at this moment, the si*g> 
mental racks on the knotter wheel engage the pinions ol 
the knotter and cord holder. As the knotter lotates, a 
loop of both strands of the cord is formed round ]>oth 
jaws, and when about three-quarters of the revolution is 
completed, the upper jaw is raised by a cam, the strands 
between the knotter and cord holder jiassing bt'tween tlie 



Pig. 88 — Ilolnips binder. 


jaws and being ^sjied thereby. The cord-holder disk 
carries a knife which now strikes the cord and severs it, 
the end running to the eye of the needle remaining in 
the giasp of the holder. The discharger arms, which arc 
rigidly secured to the knotter wheel, then reach the 
bundle, forcing it out of the binder, drawing off the 
loop from the knotter over the bight held between its 
jaws, and the knot is complete. All this takes place 
during a single revolution of the* knotter shaft, and as 
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the needle retreats, the trip latch is lowered into position cord holder is of the sliding jaw type instead of the rotary 
to strike the trip dog, thus releasing it from the lug on form. 

the ])acker shaft and stopping the binder until the next On small farms, the sweep-rake reaper shown in Fig. 40 
bundle is formed, when the action is repeated. is frequently used. 

The cutting apparatus of this machine is similar to that 
in all harvesting machines, but is attached to the front of 
a quadrantal platform upon which the grain falls as it is 
cut. At the stubbleward end of the frame, just inside the 
master wheel, is a pedestal having upon its to]i a cam. A 
rotating shaft carrying a number of rake arms, hinged 
thereto, is mounted in the pedestal, and the rake arms 
are guided by the cam in such a manner that they bring 
the grain to the cutter bar, sweep it back over the plat- 
form, depositing it in a gavel on the ground, and are then 
raised abruptly to clear the driver. These eamsxsan gener- 
ally be set by a switch, so tliat every rake, or every second, 
third, or fourth rake, may deposit the gavel. 

On the Pacific coast of America the wheat farms are of 
immense size, sometimes as large as 20,000 acres in a single 
field, and the climate is very dry, so that the grain is 
allowed to ripen in the field. These conditions have enabled 
American farmers to make use of headers and combined 
heading and threshing machines. 

arc; received hy a bundle carrier and retained 
until it contains the number nc'cessary to 
form a shock, when the carrie r is triiqu'd by 
tlie ojierator and the sheaves are de]>osited 
u]»oii the. ground. The bundle earner is an 
important addition to tin binder, and the 
co.st of labour in setting the sheaves in 
shocks is lessened, as th(‘y i«re deposit'd in 
a single s])ot instead ol being gathcTed 
from a considerable aiea. 

The only binder built in the United States 
differing from the A ppleby type is the Holmes 
binder, illustrated by Figs. .*1H and 39. 

This binder differs in its general organiza- 
tion from the A])pleby, the packers being of 
the toothed disk tyjKi and carried above the 
binder tabli*, as is also the starting clutch. 

The discharger is similar in construction to 
the forks of a tedder. The knotter is cotiqiosed of two I The header frame is mounted upon two wheels and has 
parts curried by u rotary spindle, one of them Inung sleeved | a pole extending to the rear, at the end of which is a 

swivelled steering wheel operated by a suit- 
able tiller (Fig. 41). An evener is pivoted 
forward of the steering wheel, and to this 
the horses are attached and push tht* 
machine in advance. At the forward end 
of the frame a platform is hinged and can 
be adjusted vertically by means of a long 
lever extending liack to the driver. This 
platform carries the cutting ap])aratus and 
the platform apron, which delivers at one 
side to an elevator. The cutting ap- 
paratus is adjusted to cut the heads from 
the grain, leaving the straw, and the 
heads are discharged into a waggon which 
moves along with the header. The header 
cuts a much wider swathe than the self- 
binder, and therefore, under the condi- 
tions to which it is adapted, is capable of 
doing more work. 

The next step in decreasing the cost of 
harvesting was to combine with the header 
a threshing machine, the former being 
attached to the side of the latter, and 
Pio 4o.-8wwp.rake rptpor. delivering the grain thereto. The grain 

Is then threshed out and bagged at the 
in the other, and having an independent movement in I rate of 25 to 45 acres |)er day, according to the stand of 
opening and closing the jaws to receive the loop. The i grain and other varying conditions, thus reducing the cost 
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from 6 to 9 cents per 100 pounds below that incurred when 
a header alone is used. 

By applying a traction engine to a combined harvester, 
it is possible to increase the width of cut and thus add 
still further to its capacity. The machine shown in Fig. 
42 is built with a cut as great as 42 feet, and will 
cut, thresh, reclean and sack 125 acres of wheat in one 


day, requiring eight men to o^K^rate it. It is undoubt 
edly the most economical machine in use for harvesting 
grain. 

Fig. 43 illustrates a harvesting outfit consisting of 
engine, thresher, header, water -tank waggon, and cook> 
house, travelling from ranch to much, which gives a good 
idea of the scale on which this work is done. 



Fi< 9.42 --Combiued steam harvester. 



Pia 48 —Combined han'estltifr outfit. 


Com Ilarventers, 

Until very recently, corn (maize) was harvested in 
America by hand, sometimes by breaking olf the ears 
and leaving the stalks standing, and turning the cattle 
in to feed, and sometimes by cutting the st^ks with a 


corn knife and securing them in shocks. Within the last 
few years machines have been built for performing this 
very laborious work. If the intention be to leave the 
stalks standing, a machine called a strijiper and husker is 
used, which passes the stalks between two inclined rollers 


as the rnuchine advanct*s, the ears being snapped from 
the stalks by the rollers and falling on to a travelling 
carrier by which they arc fed into a Imskov, and from 
thence to a waggon travelling with tlie machine. If the 
corn is to bo shocked, a nuKjhine of the type shown 
in Fig. 44 is employed. 

In this type of corn harvester a jmir of 
inclined gatherers passes, one on each side 
of the row, picking ni> all down stalks, and 
feeding them through the machine by means 
of the gathering chains which su])port them 
as they are cut off by the knife. Thi‘ stalks 
are then pushed to the rear by the imckers 
of a vertically ]jlaced automatic binder, 
operating in the same way a.s a grain binder, 
to bind the bundle securely and discharge it 
into tlie bundle carrier, which retains it 
until enough is accumulated to form a 
shock. The bundle carrier is then operated 
and deposits the bundh s on the gioiind. 

Another tyj>e of corn harvesttT cuts tin* 
stalks ill a vertical position, as abo\e de- 
scribed, but forces them over on to an in 
dined table, down which th(‘y sliih' into a 
horizontal binder, where they an? bound in 
the same way as in a grain binder. 

The corn having been shocked, it is now customary to 
feed the stalks to a husking and shredding machine, in 
which the ears are sna]>])ed by rollers from the stalks, and 
then 1)088 on to a cylinder having a series of knives, which 
split the stalk and tear it into small pieces. It is finally 

S. I. 23 



Pio. 4*.— Corn harvesUir ami biiulm. 
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[united 


discharged by an elevator and hauled avray to be used in 
feeding stock. The ears of com snapped off fall between 
a pair of husking rolls, which strip off the husks, the 
latter being carried off with the shredded stalks. 

The ears of corn are then fed to a corn sheller, which 
rolls and rubs them between toothed disks until the 
kernels are detached, and they are then passed through 
cleaning devices in order to sei>arate them from the 
chaff. 

In Fig. 45 is shown a threshing machine for separating 
wheat and other siiuill grain from their straw. The grain 
is fed between a robiting toothed cylinder and a toothed 
concave, by which means the straw is thoroughly beaten 
and the grain shaken from its husk. The straw then 
]>asses over shaking screws which shake down the grain, 
the lattc^r being thoroughly cleaned by a blast of air 
] Kissing upward through the screens. The straw is finally 
blown out through the stacking pipe on to the stack. 

In conclusion, it may be said tliat the improvements in 


i agricultural machinery in the last few years have made 
! possible the opening up of vast tracts of the world’s 
farming lands which would otherwise have remained 



Fio 45.— ThreNhitii; machine. 

unproductive for years to come, on account of the scarcity 
of labour, and have enabled agricultural operations to 1^ 
carried out upon such a scale as greatly to reduce the cost 
of food to all the world. (f. c. s.) 
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List ok 1*i.atks,^ 


1. Hackney Stallion, Hackney Muh'. 

2. Polo Pony Stallion, Slietlaii<l J\)ny Stallion, \ oikshiro Coach 

Hoi*se, Cleveland Bay Stallion. 

3. Shire Stallion, Shire Mare and Foal. 

4. Clydesdale Stallion, Clvdcs<lalc FilU, Sullolk Stallion, Bed 

Polled Bull. 

h, Ouenisey t’ow, OueniMey Bull 

0. (iulloway Bull, Ijonghorn Bull, Sussex Bull, AVelsh Bull. 

7. Shorthorn Cow, Shorthorn Bull 

8. Hereford Cow, llerciord Bull, Devon ("ow, Devon Bull. 

9. Red Polled Bull, South Devon Bull 

10. Highland Bull, Ayi’sliiie Cow, Aberdeen -Angus Bull, Aberdoen- 

Aiigus Cow. 

11. Dcxtei Bull, Dexter Cow. 


: 12. Kerry Bull, Kerry Cow^, .Teiwy Bull, Jersey Cow. 

13. Cotsw’old Rain, Oxford Dowui Rani. 

I 14. Shropshire Ram, Lincoln Bam, Haui])shirc Dowm Ram, South- 
I down Bam. 

15. Hei*dwick Ram, Kentish or Romney Marsh Ram. 

16. Border Ijeicestcr Ram, Weiisleytlale Ram, Leicester Ram, 

SulTolk Wether. 

17. Welsh Mountain Ram, Welsh Mountalii Ewes. 

18. Cheviot Ram, Dorset Horned Ram, Devon Longwool Ram, 

Blackfaced Mountain Ram, 

19. Roscommon Ewes, Middle White Boar. 

20. Large White Boar, Small White Sow, Tamw'orth Sow, Berk- 

sliire Boar. 


(jiENEKAL Survey, 1875 - 1900 . 

T he time which has edapsed since the article Agri- 
culture was imblishetl iii the ninth edition of the 
Encyclopcpdm /httannira has been a fateful period for the 
greatest British industry. The hopeful views that wwe 
expressed at the conclusion of that article have not been 
realized. The great future that seemed then to await the 
application of steam power to the tillage of the soil has 
]»roved illusory. The clay soils of England, the latent fer- 
tility of w^hich was to be brought into play in a fashion that 
should mightily augment the home-grown supplies of food, 
remain almost as intractable as ever, and the extent of 
land devoted to the cultivation of corn crops, instead of 
expanding, has diminished in a degree to which there is no 


^ The8e portraits are uot intended to convey any idea of the 
relative sixes of the diflorent animals. In plate 14, for example, the 
Hampshire Down Rnin, though represented hy a smaller picture, is 
a decideiUy bigger animal than the Southdown Ram portrayed in the 
same plate 


recorded parallel. Farmers of long experience commonly 
look bock to 1874 as the last of the really good years, 
and consider that the palmy days of British agriculture 
Ix'gan to dwindle at about that time. The shadow of the 
approaching depression had already fallen upon the land 
before the year 1875 had run its course, and the outlook 
became ominous as the decade of the ’seventies neared its 
close. One memorable feature was associated with 1877 
in that this was the last year in which the dreaded cattle 
plague (rinderpest) made its apiiearance in England. There 
has been no record of it in the British isles since that year, 
and it is hoped that it has been banished for ever. The 
same year, 1877, was the last also in which the annual 
average price of English wheat exceeded 50s. jier imperial 
quarter. The average was 56s. 9d. that year, but it has 
never since been within lOs. of this level. With declin- 
ing prices for farm produce came that year of unhappy 
memory, 1879, when persistent rains and an almost sun- 
less summer ruined the crops, and reduced many farmers 
to a state of destitution. Much of the grain was never 
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harvested, whilst owing mainly to the excessive floods 
there commenced an outbreak of liver - rot in sheep, due 
to the ravages of the fluke parasite. This continued for 
several years, and the mortality was so great that its 
adverse effects upon the ovine population of the country 
were still perceptible ten years afterwards. A fall in 
rents was the necessary sequel of the agricultural distress, 
to inquire into which a royal commission was 
eommif 1879, under the chairmanship 

Mioa, I8T9. of the duke of Richmond and Gordon, Its re- 
port, published in 1882, testified to “the grt»at 
extent and intensity of the distress which has fallen 
upon the agricultural community. Owners and occupiers 
have alike suffered from it. No description of estate 
or tenure has been exempted. The owner in fee and 
the life tenant, the occupier, whether of large or of 
small holding, whether under lease, or custom, or agree- 
ment, or the jirovisions of the Agricultural Holdings 
Act — all without distinction have been involved m 
a general calamity.” The two most prominent causes 
assigned for the depression were bad seasons and foreign 
competition, aggravated by the increased cost of production 
and the heavy losses of live stock. Abundant evidence 
was forthcoming as to the extent to which agriculture had 
been injuriously affected “ by an unprecedented succession 
of bad seasons.” As regards the pressure of foreign com- 
petition, it was stated to ha greatly in excess of the antici- 
imtions of the supporters, and of the apprehensions of the 
opponents, of the rei^al of the Corn Laws. Whereas 
formerly the farmer was to some extent compensated by a 
higher price for a smaller yield, in recent years he had 
had to compete with an unusually large supply at greatly 
reduced prices. On the other hand, he liad enjoyed the 
advantage of an extended supply of feeding-stuffs — ^such 
as maize, linseed cake, and cotton cake — and of aitificial 
manures, imported from abroad. The low price of agri- 
cultural produce, beneficial though it might be to the 
general community, had lessened the ability of the land to 
bear the proportion of taxation which had heretofore been 
imposed upon it. The legislative outcome of the findings 
of this royal commission w^as the Agricultural Holdings 
Act 1883, a miiasure which continued in force in its 
entirety till 1901, when a new Act came into operation. 

The apparently hopeless outlook for corn-growing com- 
pelled farmers to cast about for some other means of 
subsisUmce, and to rely more than they had hitherto done 
upon the possibilities of stock-breeding. It was in parti- 
cular the misfortunes of the later 'seventies that gave the 
needed fillij) to that branch of stock - farming concerned 
with the production of milk, butter, and cheese, and from 
this period may be said to date the revival of the dairying 
industry, whicJi rticeived a ])owerful impetus through the 
introduction of the centrifugal cream 8e])arator, and was 
fostered by the newly-established British Dairy Farmers* 
Association. The generally wet character of the seasons 
in 1879 and the two or three years following was mainly 
responsible for the high prices of meat, so that the bui>- 
plies of fresh beef and mutton from Australia which now 
began to arrive found a ready market, and the trade in 
imported fresh meat which was thus commenced has prac- 
tically continued to ex^mnd ever since. The great losses 
arising from spoilt liay crops served to stimulate exjieri- 
mental inquiry into the method of preserving green fodder 
known as ensilage, with the result that the system event- 
ually became successfully incorporated in the ordinaiy 
routine of agricultural practice. A contemporaneous 
effort in the direction of drying hay by artificial means led 
to nothing of practical importance. By 1882 the cry as 
to land going out of cultivation became loud and general, 
and the migration of the rural population into the towns 
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in search of work continued unchecked. In 1883 foot- 
and-mouth disease was terribly rampant amongst the herds 
and flocks of Great Britain, and was far more prevalent 
than it has ever been since. It was about this time 
that the first experiments were made (in Gennany) with 
basic slag, a material which had hitherto been ngarde<l as 
a worthless by-product of steel manufacture. A year or 
two later field trials were begun m England, with the 
final result that basic slag has become recoguizi^d as a 
valuable source of phosphorus for growing crops, and is 
now in constant demand for appliaitioii to the soil as a 
fertilizer. In 1883 the veterinary (lei>artment of the Privy 
Council — which had been constitutod in 1865 when the 
country was ravaged by cattle plague- -was abolished by 
order in council, and the “Agricultural Depart- soantof 
ment” was substituted, but no alteration was Agri- 
effected in the work of the dejiartinent, so far culture, 
as it related to animals. In 1889 the Board of 
Agriculture (for Great Britain) was formed under an Act 
of |)arliament of that year (52 & 53 Vict. c. 30), and the 
immediate control of the Agricultural Department was 
transferred from the clerk of the Privy Council to the 
secretary of the Board of Agriculture, where it remains. 
A Minister for Agriculture hiul foi years l)een asked for 
in the interests of the agricultural community, and the 
functions of this office are discharged by the president of 
the Board of Agriculture, whose appointment of course is, 
like that of the pfiesident of tlu^ Hoard of Trade, a j political 
one, and may or may not cany with it a seat m the 
Cabinet. The Board of Agriculture, on its establishment, 
took over from the Privy Council the resjionsi bill ties of 
the Contagious Diseases (Animals) Acts, b*sides the com- 
jirehensive duties of the Laud Commibsion, and tlie autho- 
rity and responsibilities of the Commissioners of Her 
Majesty’s Works and Public Buildings undiT tlie Survey 
Act of 1870. The Board is entrusted with the <‘ollection 
and preparation of statistics n^Iating to agriculture and 
forestry, the inspection of schools (not lieing public ele- 
mentary schools) in which ti'chnical instruction is given 
in agriculture or forestry, and the instituting of such 
extHJrimental investigations as may bt» deemed conducive 
to the progress of agriculture and forestry. The election 
took place in the same year (1889) of the first county 
councils, and the allotment to them of various sums of 
money under the Local Taxation (Customs and Excise) 
Act 1890 enabled local provision to be made for the pro- 
motion of technical instruction in agriculture. It was at 
about this time that the value of a mixtui'c of lime and 
sulphate of cop^xir {bomllie bm'ddmsc)^ sjirayed in solution 
upon the growing plants, came to be recognized as a check 
upon the ravages of potato disease*. 

The general experience of the decade of the 'eighties was 
that of disappointing summers, harsh winters, falling 
prices, declining rents, and the shrinkage of land values. 
It is true that one season of the series, that of 1887, was 
hot ohd droughty, but the following summer was exceed- 
ingly wet. Nevertheless the decade closed mon* hopefully 
than it opened, and found farmers taking a keener interest 
in grass land, in live stock, and in dairying. C^attle- 
broeders did well in 1 889, but sheep-breeders fared better ; 
on the other hand, owing to receding prices, corn-growers 
were more disheartened than ever. With the incoming of 
the last decade of the century there seemed to Ije some 
justifiable hopes of the dawn of bettor times, but they 
were speedily doomed to disap|)ointment. In 1891 excess- 
ively heavy autumn rains washed the arable soils to such 
an extent that the next season's corn crops were l)elow 
average. Wheat in particular was a poor crop in 1892, 
and the low yield was associated with falling prices, due to 
largo imports. The hay cro]) was very inferior, and in some 
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cases it was practically ruined. This gave a stimulus to 
the trade in imported hay, which rose from 61,237 tons 
in 1892 to 263,050 tons in 1893, and despite some largo 
home-grown crops in certain subsequent years (1897 and 
1898) this expansion has never since been wholly lost. 
The misfortunes of 1892 proved to be merely a prepara- 
tion for the disasters of 1893, in which year occurred the 
most destructive drought within living memory. Its 
worst effects \rere seen upon the light land farms of 
Hngland, and so deplorable was the ];>ositiou that a Iloyal 
Commission on agricultural dejiression was 
^oym! appointed in Septemlier of that year under the 
^?oaTta93. of Mr Shaw Lefevre. Thus, within 

* the last qiiartcir of the 19th century — and, as a 
matter of fact, cjnly fourk'en yc'ars apart- two Uoyal Com- 
missions on agriculture were apiiointed, the one in a year of 
memorable flood, 1879, and the other in a year of disas- 
trous drriuglit, 1893. IMie report of the Commission of 
1893 was issued in Maich 1896. Amongst its chief n> 
<*ommendations were those relating to amendments in the 
Agricultural floldings Acts, and to tithe rent-charge, rail- 
way rates, damage by game, sale of adulterated products, 
and sale of inqiorted goods (nw'at, for example) as home pro- 
diic(\ Two legislative enactments arose out of the work 
of this Commission. In tli(‘ majority report it was stated 
“tliat, in order to place agricultural lands in their right 
]io.sition as conipari*d with other nitable iirojjerties, it is 
eSHcuitial that th(‘y should be ass^^ssed to all local rates in 
a reduced proportion of their ratable value.” The Agri- 
cultural liates Act, 1 89(5, gave effect to tins recommenda- 
tion. Its objects weie to relieve agricultural land from 
lialf tht* loc 4 il rat(‘h, ami to provide the means of making 
good out of Im])erial funds the deficiency in local taxation 
thereby ciiused. It A\as provided that the Act should 
continue in foiet? only till Slst March 1902, but a 
further Act in 1 90 1 extended the period by four years. 
Meanwhile the Uoyal CJominission on local taxation was 
inquiring into the gcmeral incidence of local taxation, 
both urban and j'liral, and its proper adjustment between 
real ami jjersonal ])roperty, and presented its report in 
the summer of 1901. TJie other measure arising out of 
the report of tin* Uoyal C'Ommiasion of 1893 was the 
Agrieultiiral Holdings Act, 1 900, This is an amending 
Act and not a consolidating Act ; consequently it has to 
be rea<l as if incoi ] smited into the already existing Acts, 
As affecting agneultiiral ]»ractice there are three note- 
worthy im[)rovemt*nts m resi»eet of the making of which, 
w'itlumt the consent of or notice to his landlord, a tenant 
may claim eomi^nsation — (1) the consumption on the 
holding “ by liorses, other than those regularly employed 
on the holding,” ot corn, cake, or other feeding-stuff not 
produced on the holding; (2) the “consumption on the 
holding by cattle, slunq), or pigs, or by liorses other tlian 
those regulai ly i-niployed on the holding, of corn proved 
by satisfactory evidence to have been produced and con- 
sumed on the holding ” , (3) “ laying down teinpomry 
j»asture with clover, gr.iss, lueerne, sidnfoin, or other seeds 
sown more than two yi'ars ]»iior to the determination of 
the tenamy.” 

After 1891, in which year the brilliant prospects of a 
bountiful harvest were ultinuitely extinguislied by untimely 
and heavy rams, all the remaining seasons of 
closing decade of tJie J9th century were 
dominated by drtmght. A fact that was amply 
illustrated, moreover, is that the ])eriod of incidence of a 
drought is not less important than its duration, and the 
saim* is true of abnormal rainfall. A s])rnig drought, a 
summer drought, an autumn drouglit, each has its distinc- 
tive characteristics in so far as the eftect upon the crops 
IS concerned. The hot drought of 1893 extended over 


the spring and summer months, but there was an abundant 
rainfall in the autumn ; correspondingly there was an un- 
precedentedly bad yield of com and hay crops, but a 
moderately fair yield of the main root crops (turnips and 
swedes). In 1899 the drought became most intense in 
the automn, after the corn crops had been harvested, but 
during the chief period of growth of the root crops; 
correspondingly the corn crops of that year rank very 
well amongst the crops of the decade, but the yield of 
turnips and swedes was the worst on record. It is quite 
possible for a hot dry season to be associated with a large 
yield of corn, provided the drought is confined to a suit- 
able period, as was the case in 1896, and still more so in 
1898 ; the English wheat crops in those years were pro- 
bably the biggest in yield per acre that had been harvested 
since 1868, which is always looked back upon as a remark- 
able year for wheat. The drought of 1898 was inter- 
rupted by copious rains in June, and these falling on a 
w^arm soil led to a rajiid growth of grass and, as measured 
by yield per acre, an exceedingly heavy crop of hay. 

With the excjeptions of 1891 and 1894, every year 
in the {leriod 1891-1900 was stricken by drought. The 
two meteorological events of the decade which will pro- 
bably live longest in the recollection were, however, the 
terrible drought of 1893, resulting in a fodder famine in 
the succeeding winter, and the severe frost of ten weeks* 
duration at the beginning of 1895. Between these two 
occurrences came the disastrous decline in the value of 
grain in the autumn of 1894, when the weekly average 
price of English wheat fell to the record minimum of 
17s. 6d. iw imperial quarttu*. As a consc'quence, the ex- 
tent of land devoted to wheat in the British isles receded in 
1895 to less than 1^ million acres, which is the lowest area 
on record. Successful trials of sulphate of copper solution 
as a means of destroying charlock in corn crops took place 
in the years 1898-1900. Charlock is a most persistent 
cruciferous weed, but if sprayed when young with the solu- 
tion named it is killed, the corn plants being uniiyured. 

Amongst recent legislative measures of importance to 
agriculturists mention should be made, in addition to those 
that have been referred to, of the Tithe Rent- 
chargo Recoveiy Act, 1891, which transfers the 
liability for payment of tithe from the occupier 
to the owner. In the same year was passed the [Markets 
and Fairs (Weighing of Cattle) Act. The object of the 
Small Holdings Act, 1892, was to facilitate the acquisition 
of small agricultural holdings. It providt's that a county 
council may acquire any suitable land, with the object of 
allotting from one to fifty acres, or, if more than fifty 
acres, of an annual value not excee^ng .£50, to persons wlio 
ilesire to buy, and will themselves cultivate, the holdings. 
If, owing to jiroximity to a town or otherwise, the pio- 
8|)ective value is too high, the council may hire such land 
for the purpose of letting it. The Fertilizers and Feeding 
Stuffs Act, 1 893, compels sellers of fertilizers (i.c., manures), 
manufactured or imported, to state the percentage of the 
nitrogen, of the soluble and insoluble phosphates, and of 
the potash in each article sold, and this statement is to 
havfj the (*ffect of a warranty. Similar stringent condi- 
tions apply as regards the sale of feeding stufis for live 
stock. The Finance Act of 1 894, with its great changes in 
the death duties, overshadowed all other Acts of that year 
both in its immediate effects and in its far-reaching conse- 
quences. The Copyhold Consolidation Act, 1 894, supersedes 
six previous copyhold statutes, but does not effect any altera- 
tion in the law conocrning enfranchisement. The Diseases 
of Animals Act^ 1896, provided for the compulsory slaughter 
of imported live stock at the place of lauding. The Light 
Railways Act and the Locomotives on Highways Act were 
added to the Statute Book in 1896, and various clauses in 
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the Finance Act effected refonns in respect of the death 
duties, the land-tax, farmers* income-t^ and the beer 
duty. The Chaff-cutting Machines (Accidents) Act, 1897, 
is a measure very similar in its intention to the Threshing 
Machines Act, 1876, and provides for the automatic pre- 
vention of accidents to persons in charge of chaff-cutting 
machines. The Sale of Food and Drugs Act, 1899, has 
sjiecial reference in its earlier sections to the trade in dairy 
produce and margarine. In 1899 was also passed the Act 
establishing a department of agriculture and technical in- 
struction in Ireland. 


The Acreage of Crops. 


The most notable feature in connexion with the cropping 
of the land of the United Kingdom during the last 
quarter of the 19th century was the lessened cultivation 
of the cereal crops, associated with an expansion in the 
area of grass land. At the beginning of the |jeriod the 
aggregate area under whi^at, barley, and oats was nearly 
10^ million acres; at the close it did not much exceed 
8 million acres. There was thus a withdrawal during the 
period of considerably over 2 million acres from cereal 
cultivation. From Table 1., showing the acreages at 


Table T. — Areas of Cereal Crops in the United Kingdom 
— An'es, 


Year. ! Wheat. I Hatley. I Oate. 


Total 


1876 I 3,614,088 ! 2,761,302 ! 4,176,177 

1880 ' 3,06.^i,895 2,696,000 1 4,191,716 

1886 I 2,653,002 | 2,447,169 i 4,282,694 

1890 I 2,483,696 | 2,300,994 j 4,137.790 

1896 j 1,466,042 2,346,367 4,627,899 

1900 ' 1,901,014 2,172,140 1 4,146,633 


10,441,627 I 
9,9.62,611 ' 
9,282,8.65 ■ 
8,922,379 | 
8,330,308 
8,218,787 j 


intervals of five years, it will be learnt that the loss fell 
chiefly uixin the wheat crop, which at the close of the 
jHiriod occupied barely more than half the area assigned 
to it at the beginning. If the land taken from wheat had 
been cropiied with one or both of the other cereals, th(‘ 
aggregate area would have remained about the same. 
This, however, has not been the casci, for a fairly uniform 
decrease in the barley area has Ixjeu accompanied by some- 
what irregular fluctuations in the acreage of oats. To 
the decline in prices of home-grown cereals the decrease 
in area is largely attributable. The extent of this decline 
is seen in Table 11., 'wherein are given the annual average 
prices, calculated upon returns from the statutory markets 
of England and Wales (numbering 196 ^ since 1890, under 
thti Corn Eeturns Act, 1882). These prices are per im- 
perial quarter, — that is, 480 lb of wheat, 400 fli of barley, 
and 312 lb of oats, representing 60 lb, 50 1b, and 39 h ])er 
bushel resjiectively. Since 1 883 the annual average price 
of English vdimt has never again been so high as 40s. 
per quarter, and only twice since 1892 has it exceeded 30s. 
In one of these exceptional years, 1898, the average rose 
to 348., but this was due entirely to a couple of months 
of inflated prices in the early half of the year, when the 
outbreak of war between Spain and the United States of 
Amtirica coincided with a huge Bjicculative deal in the latter 
country. The weekly average prices of English wlieat in 
1898 fluctuated between 488. Id. and 25s. 5d, per quarter, 
the former being the highest weekly average since 1882. 
The minimum annual average was 22s. lOd. in 1894, in 
the autumn of which year the weekly average sank to 
17s. 6d. per quarter, the lowest on record. Wheat was so 
great a glut in the market that various methods were 
devised for feeding it to stock, a purjwsc for which it is 
not specially suited ; in thus utilizing the grain, however, a 
smaller loss was often incurred than in sending it to market. 
Id 1894 the monthly average price for October, the chief 
> Altered to 190 on Ist January 1901. 


month for ivheat-sowing in England, was only 17s. 8d. 
l)cr quarter, and farmers naturally shrank from set^diug the 
land freely with a crop which could not be grown except 
at a heavy loss. The result was that in the following y. ai* 

Table II. — Gazette Annual Average Pinces per 

Quarter of British Cereals in England and Wales^ 
1875 to 1900. 


Year. 

Wheat 

Barley. 

OutH. 1 


K 

<1 


d 

S 

.1 ' 

1876 

46 

2 

38 

.6 

28 

s . 

1876 

46 

2 

36 

2 

26 

o 

1877 

66 

9 

39 

8 

26 

11 

1878 

46 

6 

40 

*2 

24 

J i 

1879 

43 

10 

31 

0 

21 

9 > 

1880 

44 

4 

33 

1 

23 

1 ■ 

1881 

46 

4 

31 

11 

21 

9 ‘ 

1882 

46 

1 

81 

2 

21 

10 ' 

3883 

41 

7 

31 

10 

21 

i 

1881 

36 

8 

30 

8 

20 

3 . 

1886 

32 

10 

30 

1 

20 

7 

1886 

31 

0 

26 

7 

19 

0 1 

1887 1 

32 

6 

26 

\ 

16 

3 

1888 

31 

10 

27 

10 

16 


1889 

29 

9 1 

26 

10 


9 I 

1890 

31 

11 ' 

28 

8 

18 

7 

1891 

37 

0 

28 

2 

20 

0 

1892 , 

30 

3 

26 

2 

19 

10 

1893 

26 

4 

26 

7 

IS 

9 1 

1894 

22 

10 

24 

6 

17 

1 1 

1896 , 

23 

1 

21 

11 

14 

6 1 

1896 

26 

2 

22 

11 

14 

9 1 

1897 

30 

2 

23 

6 

16 

11 1 

1898 

34 

0 

27 

2 

18 

6 1 

1899 

26 

8 

25 

7 

' 17 

0 

1900 

26 

11 

24 

11 

1 17 

^ i 


the wheat crop of the United Kingdom was harvested u]»on 
the su'jillest area on record, — less than lA million acres. 
In only one year of the last quarter-century, 1878, did 
the annual average price of English Imrley touch 40s. jxjr 
quarter ; it has never again reached 30s. since 1885, whilst 
in 1895 it fell to so low a level as 218. lid. The same 
story of declining j)rices applies to oats. An average of 
1 20s. per quarter was touched in 1891, but with that excep 
I tion this useful feeding grain has not reached that figure 
I since 1885. In 1895 the average price of 480 D) of wheat, 

; at 23s. Id., was identical with that of 312 lt> oi oats in 
j 1880, and it was less in the preceding year. The decliii 
ing prices that liavc oiwrated against growers of ivheat 
should he studied in coigunction with Table III., which 

Table III. — Imports into the United KuHjdoni of Wheat 
Grain, and of Wheat Meal and Flour — Cu't. 


Year. 

Wheat Grain 

Meal and Flour 

Total 

1 1875 

51,876,617 

6,136,083 

68,012,600 

1880 

66,261,924 

10,658,312 

65,820,236 

1885 

61,498,861 

16,832,843 

77,331,707 

1890 

60,474,180 

16,773,336 

76,247,616 

1895 

81,749,966 

18,368,410 

100,118,366 

1900 

68,616,990 

21,642,036 

90,168,026 


shows, at intervals of five years, the imports of wheat gram 
and of wheat meal and flour into the United Kingdom. 
The import of the manufactured product is increasing at 
a much greater ratio than that of the raw grain, for whilst 
in 1875 the former represented less than one-ninth of tlie 
total, by 1900 the proportion had risen to nearly one-fourth. 
The offal, which is quite as valuable as the flour itself, is thu'^ 
retained abroad instead of being utilizt‘d for stock-feeding 
purposes in the United Kingdom. The highest and lowest 
areas of wheat, barley, and oats in the United Kingdom 
during the period 1875-1900 were the following 
Wheat . . 3,614,088 aci-os in 1875 1,466,012 aciea in 189.^» 

llttiley . . 2,931,809 acres in 1879 2,068,760 acres in 1898 

Oats , . 4,527,899 acres in 1895 3,998,200 acres in 1879 
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These show differences amounting to 2,058,046 acres 
for wheat, 863,049 acres for barley, and 529,699 acres for 
oats. The acreage of wheat, therefore, has fluctuated the 
most, and that of oats the least. Going back to 1869, it is 
found that the extent of wheat in that year was 3,981,989 
acres, or very little short of four million acrea 

The acreage of rye grown in the United Kingdom as a 
grain crop is small, the respective nmximum and minimum 
areas during the iicriod 1 875-1 900 having been 1 02,67 6 acres 
in 1894 and 47,937 acres in 1880. Rye is perhaps more 
largely grown as a green crop to be fed off by sheep, or 
cut green for soiling, in the spring months. 

Of corn crops other than cereals, Uane and peae are both 
less cultivated than formerly. In the iieriod 1875-1900 
the area of Inmans in the United Kingdom fluctuated between 
574,4 14 acres in 1875 and 230,429 acres in 1897, and that 
of peas between 318,410 acres in 1875 and 163,325 acres 
in 1 899. The area of |K*a8 lias thus shrunk nearly one- 
half, and that of beans more tlian one-half. Taking 
cereals and ])ul8e corn together, the aggregate areas of 
wheat, barley, oats, rye, beans, and peas in the United 
Kingdom have varuMl as follows over the five quinquennial 
intervals embraced in the jieriod 1875-1900 : — 


Y«'ar. 

AtTliA 

IVjir 

Acres 

1876 

. 11,‘199,0M0 

1890 

9,674,249 

1880 

. 10,672,086 1 

1895 

8,865,388 

1885 

. 10,0] 4, 62r# 1 

lUOO 

. 8,707,602 


Disregarding minor tliictuations, there has thus been a loss 
of corn land over the <|uarter-ceiitury of 2,691,639 acre.s, 
or nearly 21 iier cent. 

Th(* area that lias been withdrawn from corn growing is 
not to be found under the head of what are termed ‘‘green 
crops, ’’ In 1900 the total area of these crops in the 
United Kingdoin was 4,301,774 acres, made u]» thus: — 


Cttip AcrviH. 

I’otulors . . . 1,227,569 

Tin nips and 8\A odes .... 1,994,421 

. . . 184,050 

('ahl)aee. kolibnihi, and ra]}e . . 242,967 

Vi'ti'licH or laics .... 181,679 

Ollier gi con crops ..... 171,088 


The t»xtn*mi‘ aggregate areas of these crops during the 
quarter century were 5,057,029 acres in 1875 and 
4,261,41 1 acres in 1898. At five-year intervals the areas 
have b(‘eii : 


Yfiftv 

Acres 1 

Year. 

Acres. 

1875 

5,057,029 

1890 

4,534,145 

J880 

4,746,293 ! 

1895 

4,399,949 

1885 

4,765,195 

1900 

. 4,801,774 


These erojis, therefore, which, except potatoes, are used 
mainly for stock -feeding, have like the corn crops been 
grown on gradually diminishing areas. 

The land that has been lost to the plough is found to be 
still further augmented wdien an inquiry is instituted into 
the area devoted to clover, sainfoin, and graases under 
rotation. Jn the jieriod 1 875-1 900 this area has fluctuated 
between 6,557,7 18 acres in 1878 and 5,862,754 acres in 
1894, whilst the areas at five-year intervals are given in 
Table IV. Under the old Norfolk or four-course rotation 
(roots, barley, clover, wheat) land thus seeded with clover 
or grass seeds was intended to be ploughed up at the 
end of a year. Laihour difficulties, low prices of produce, 
bad seasons, and similar causes provided inducements for 
leaving the land in grass for two years, or over three years 
or more, before breaking it up for wheat. In many cases 
it would be decided to let such land remain under grass 
indefinitely, and thus it would no longer be enumerated in 
the Agricultural Returns as teuqiorary grass land, but 
would jiass into the caU»gory of permanent grass land, or 
what is often sjiokcn of as “ permanent jiasture.” Whilst 
much grass land has been laid down with the intention 
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from the outset that it should be permanent, at the same 
time some considerable areas have through stress of circum- 
stances been allowed to drift from the temporary or rotation 
grass area to the permanent list, and have thus still further 
diminished the area formerly under the dominion of the 
plough. The column relating to permanent grass in 
Table IV. shows clearly enough how the British Isles have 

Table IV . — Areas of Grass Land {exdyding Heath and 
Miximtain Land) in the United Kingdom- -Acres, 


Year. 

1 Tem|)orary (i t ' 
1 under rotation). | 

Permanent (i.e. 

1 not broken up 1 
ill rotation). | 

1 

! ToUl 

! 

1875 

1 6,337,958 

28,772,602 

80,110,555 

1880 

1 6,389,232 

24,717,092 

31,106,324 

1885 

1 6,738,206 

26,616,071 

82,354,277 

1890 

1 6,097,210 

27,116,426 

83,212,635 

1895 

6,061,139 

27,831,117 

33,892,256 1 

1900 

6,024,317 

28,201,629 

34,285,846 ! 


for the last quarter-century been Ijecoming more ])astoral, 
whilst figures previously quotc'd demonstrate the extent to 
which they have become less arable. In the period 1875- 
1900 the extreme areas returned as “ jK*rmanent pasture” 
— a term which, it should be clearly understood, does not 
include heath or mountain land, of which there are in 
Great Britain alone about thirteen million acres used for 
grazing — were 23,772,602 acres in 1875, and 28,261,529 
acres in 1 900, whilst the totals ai five-year intervals are 
stated in Table IV. Comparing 1900 with 1875 the in- 
crease in iiermauent grass land is found to amount to close 
upon 44 million acres, or about 19 per cent. 

On account of the greater humidity and mildness of its 
climate Ireland is more essentially a ]>astoral country than 
Great Britain. The distribution bc‘tween the two islands 
of such important cro})s of arable laud as centals and 
potatoes is indicated in Table V. The figures are those 


Table V. — Areas of Cereal and Potato (Wops in Great 
Britain and Ireland in 1900. 



heat 

llailc} 


Great Britain . 
Ii'claiid . 

Auics 

1,846,042 

63,797 

l»pr Cent. 

97-2 

2 8 

Acn*H. 
1,990, -265 
171,006 

Per Cent. 
92 

8 

Total . 

1,898,839 

100-0 

2,164,271 

100 


Oats. 


PotatocM. 

(iieat Britain . 
Ireland . 

3,026,088 

1,104,848 

1 73-8 

1 26-7 

561,361 

654,413 

46 

54 

Total . 

4,180,936 

100-0 

1,216,774 

100 


for 1900, but, though the absolute acreages vary some- 
what from year to year, there is not much variation in the 
percentages. The comjmrative insignificance of Ireland in 
the case of the wheat and barley crops, represented by 2 '8 
and 8 per cent, resiiectively, receives some compensation 
when oats and potatoes are considered, fully on(‘- fourth 
of the area of the former and more than half that of the 
latter being claimed by Ireland. It is noteworthy, how- 
ever, that Ireland is year by year placing less reliance 
upon the potato crop. In 1888 the area of potatoes in 
Ireland was 804,566 acres, but it continuously contracted 
each year, until in 1900 it did not exceed 654,413 acres, 
or 150,153 acres less than twelve years previously. 

A similar comparison for the several sections of Great 
Britain, as instituted in Table VI., shows that to England 
belongs about. 95 per cent, of the wheat area, over 80 per 
cent of the barley area, over 60 per cent, of the oats area, 
and 70 per cent, of the potato area, and these proportions 
do not vary much from year to year. The figures for 
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kingdom] 

cereals are important, as they indicate that it is the 
farmers of England who are the chief sufferers through 
the diminishing prices of corn; and particularly is this 
true of East ^glia, where corn-growing is more largely 
pursued tiian in any other part of the country. Scotland 

Table VI . — Areas of Cereal and Potato Crops in Eng- 
lamd^ Wales^ amd Scotland^ and in Great Britain^ 
in 1900. 



Wheat. 

Barley. | 

England . 

Wales 

Scotland . 

Acres. 

1,744,666 

61,654 

48,832 

Per Cent. 
94*6 
2*8 
2-6 

Acres 

1,645,022 

105,048 

240,195 

Per Cent. 
82-7 1 
5-3 1 
12-0 

Great Britain . 

1,845,042 

100-0 

1,990,265 

1000 

1 

Oats. 

Potatoes. 

England . 

W^es . 
Scotland . 

1,860,613 

216,447 

949,128 

61-5 

7-1 

31-4 

396,936 

33,225 

131,200 

70*7 

5-9 

23-4 

Great Britain . 

3,026,088 

100-0 

561,361 

100-0 


possesses nearly one-third of the area of oats and nearly 
one-fourth of that of potatoes. Beans are almost entirely 
confined to England, and this is even more the case with 
})eas. The mangel cro]) also is mainly English, the 
summer in most parts of Scotland being neither long 
enough nor wanii enough to bring it to maturity. 

The Produce of Crops. 

Whilst the returns relating to the acreage of crops and 
the number of live stock in Great Britain liave been 
officially collected in each year since 1866, the annual 
official estimates of the produce of the crops in the several 
sections of the kingdom do not extend back beyond 1 885. 
The practice is for the Board of Agriculture to appoint 
local estimators, who report in the autumn as to the total 
]>roduction of the crops in the localities resiKJCtively 
assigned to them. By dividing the total production, say 
of wheat, in each county by the number of acres of wheat 
as returned by the occupiers at 4th June, the estimated 
average yield per acre is obtained. It is important to 
notice that the figures rclating to total production and 
yield jKjr acre are only estimates^ and it is not claimed for 
them that they are anything more. The fact that much 
of the wheat to which the figures apply is still in the 
stack after the publication of the figures shows that the 
latter are essentially estimates. The total produce of any 
crop in a given year must depend mainly upon the acreage 
grown, whilst the average yield per acre will be determined 
chiefly by the character of the season. In Table VII. are 

Table VII . — Estinuxted Anmml Total Produce of Com 
Crops in the United Kingdom^ 1890 to 1900 — 
Thousands of Bushels, 


Ynar. 

W'heat. i 

Barley. 

1 Oats. 

Bi'llIlM 

IVas 

' 1890 ■ 

75,904 

80,794 

i 171,296 

11,860 

6313 

1891 

74,743 

79,666 ; 

’ 166,472 

10,694 

6777 

1892 

60,776 

76,939 1 

1 168,181 

7,054 

5028 

1893 

50,913 

66,746 

168,688 

4,863 

4756 

1894 

60,704 

78,601 

190,863 

7,198 

6229 

1895 

38,285 

76,028 

174,176 

5,026 

4732 

1896 

68,247 

77,826 

162,860 

6,491 

4979 

1897 

56,296 

72,613 

163^.556 

6,650 

.5250 1 

1898 

74,885 

74,731 

; 172,578 

7,267 

4858 i 

1899 

67,261 

74,632 

166,140 

7,566 

4431 

1900 

54,322 

68,646 

1 165,137 

7,469 1 

4072 ! 

_i 


shown, in thousands of bushels, the estimated produce of 
the com crops of the United Kingdom in each of the years 
1890 to 1900. The largest area of wheat in the period 
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was that of 1890, and the smallest was that of 1895 ; 
the same two years are seen to have been resiiectively 
those of highest and lowest total produce. It is noteworthy 
that in 1895 the country produced little more than half as 
much wheat as in any one of the years 1890, 1891, and 
1898. The produce of barley, like that of oats, is less 
irregular than tliat of wheat, the extremes for barley being 
80,794,000 bushels and 66,746,000 bushels, and those 
for oats 190,863,000 bushels and 162,860,000 bushels. 
As to beans, tlie produce of 1890 was about equal tc 
that of 1892 and 1893 together. Similar details for 
liotatoes, roots, and hay, brought together in Tabh* VIll., 

Table VIII. - - Estimated Annual Total Produce of 
potatoes^ Roots^ and Hay in the United Kingdom, 
1890 to 1900 Thofusands of Tons, 


! yt‘ar. 

Potatoes 

Turniim. 

Mangels. 

Hay j 

1890 

4622 

32,002 

6709 

14,466 i 

1891 

8090 

29,742 

7558 

12,671 

1892 

5634 

31,419 

7428 

11,567 

1893 

6641 

81,110 

5225 

9,082 

1894 

4602 

30,678 

7310 

15,699 

1895 

7065 

29,221 

6376 

12, -238 

1896 

6263 

28,037 

6875 

11,416 

1897 

4107 

29,786 

7379 

14,013 

1898 

6226 

26,499 

7228 

15,916 

1899 

5837 

j 20,370 

1 7604 

12,898 

1900 

4577 

28,387 

9660 

1 13,742 


show that the production of ijotatot's varies much from 
year to year. The imports of potatoes into the United 
Kingdom vary, to some exh'ut, in\er8ely ; thus, the low 
production in 1897 was accompanied by an increase of 
imxiorts from 3,921,205 cwt. in 1897 to 6,751,728 cwt. 
in 1898. No very great reliance can bo placed u)>on the 
figures relating to turnijis (which include swedts), as 
these are mostly fed to sheep on the ground, so that the 
estimates as to yield are necessarily vague. Mangels are 
probably more closely estimated, as these valuable loots 
an* carted and stored for subsequent use for feeding stock. 
Under hay are included the jiroduce of clover, sainloin, 
and rotation grasses, and also that of XK-'niaineut nloado^^ 
The extent to which the annual pioduction of the leading 
fodder crop may vary is shown in the table by the* two 
consecutive yeais 1893 and 1894 ; fioin only nine million 
tons in the former year the jiroduction rose to ujiwanis 
of fifteen million tons in the latter, an increast* of fully 
70 jHir cent. 

Turning to the average yields per acre, as ascertained by 
dividing the inimlHT of acres into the total pioduce, tht* 
results of a dec-ade are collected in Table IX. The effects 
of a jirolouged spring and summer drought, like that of 
1893, are exemplified in the circumstance that four c(»rn 
crops and the tw^o hay croj>s all register their nuninmm 
average yields that yeai. On the other hand, the sc'asoii 
of 1898 was exceptionally favourable to ceieals and to hay. 
The effects of a prolong(‘d autumn di ought, as distin- 
guished from siiring and summer drought, aie .sliown in the 
very low yield of turnips in 1899, Mangels are sowm 
earlier and have a longer period of grow'th than turnips , 
if they bi*come well established m the summer they are 
less susceptible to autumn drought. The hay made fiom 
clover, sainfoin, and grasses under rotation gener.tlly gives 
a bigger average yield than that from permanent grass land 
The mean values at the foot of the table — they are not, 
strictly siieaking, exact averages — indicate the average 
j yields per acre in the United Kingdom to be about 30 
j bushels of wheat, 34 bushels of barley, 40 bushels of oats, 

I 27 bushels of beans, 26 bushels of peas, 4^ tons of 
potatoes, 13 tons of turnips and swedes, 17 tons of 
mangels, 31 cwt. of hay from temporary grass, and 28 
, cwt. of hay from permanent grass. Although enormous 
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fliiigle crops of mangels are sometimes grown, amounting measure and not by weight, whereas the weight per bushel 
occasionally to 100 tons jxt acre, the general average yield varies considerably. For purposes of comparison it would 
of 17 tons is about 4 tons more than that of turnips be much better if the 3 iield 6 of com crops were esti< 
and swedes. Again, although from the richest old mated in cwt. per acre. This, indeed, is the practice in 
|)€»rmaneut meadow lands very heavy crops of hay are Ireland, and in order to incorporate the Irish figures 
taken season after season, the general average yield of with those for Great Britain so as to obtain average values 
permanent grass is about .3 cwt. of liay per acre less tlian for the United Kingdom, the Irish yields are calculated 
tJiat from clover, sainfoin, and glasses under rotation, into bushels at the rate of 60 tb to the bushel of wheat. 
The general average yields of the corn crops are not fairly of beans, and of peas, 60 fi) to the bushel of barley, and 
comparable out» with the other because they are given by 39 lb to the bushel of oats. 


Table IX. -Estimated Annual Amrafje Yield per Ad'e of Crops in the United Kingdom^ 1890-1900. 



Yeiir. 


1800 

1801 

1802 

1803 

1804 
189.'> 
1800 

1807 

1808 
1800 

Mean, \ 
JO VIS. f 


1 Wheat. 

Harley 

Oath. 

Boans 

PeaH. 

Potatoes. 

Turnips. 

Mangels. 

H»y. ( 

j 








Rotation. 

Ppniianpiit. 

j UuHh 

Biisli 

llllHll 

BuhIi 

Hush. 

Tons. 

Tons. 

Tons. 

Cwt. 

Cwt, 

: 30-66 

35-23 

41-51 

32-77 

28-71 

8-58 

14-27 

17*76 

88-19 

30-81 

' 31-30 

S472 

40-46 

29-8*2 

28-23 

4-74 

13-40 

18-60 

81-39 

28-13 

26-48 

!t4-78 

39 82 

22-38 

25*85 

4*45 

14-04 

17-99 

29-10 

23-30 

26-08 

29-30 

38-11 

19-61 

22-61 

5*28 

13-66 

13-26 

23-55 

20-41 

30-70 

34-77 

42*31 

29 17 

25*64 

8*82 

13-S8 

18-02 

8fi-77 

83-66 

26-33 

32-09 . 

38-67 ' 

22-98 ! 

22-62 ; 

5*64 

13-11 1 

16*44 ' 

29*08 

25-21 

.33-63 

34-16 

37*97 

25 69 1 

26-.34 

4-93 

12-79 

14-99 1 

27-95 

24-14 

29 07 

32-91 

38-84 

28-91 1 

27*55 

3*47 

1 13-90 

18*03 . 

32-53 

80-71 

34-75 

36 lil 

•1-2-27 

31*13 

27*60 , 

5*28 

12-74 

17*71 1 

36 49 

84-27 

32-76 

34-61 

40 57 

30-19 j 

27*22 i 

4*82 

9-97 

17*41 ! 

31-04 

29*11 

30-18 

1 

33-88 ^ 

40 06 

27-26 

26*14 

4'fi9 1 

1 

13-14 

17*02 , 

81 -01 

27*97 


The figure d(‘Uotiiig the general average yield jKjr acre 
of any class of crop needs readjusting after every sue 
cessive harvest. If a <leci*tinial period bo taken, then — for 
the purpose of the new calculation — the earliest year is 
omitted and the latest yi'ar added, the* number of years 
continuing at ten. Ado[)ting this course in the case of the 
cereal crops of Great Britain the decennial averages 
recorded in Table X. are obtained, the jicriod 1885-94 

Tabj.e X. — Decetmial Average Yields in Great Britain 
of Wheat, Barleg, and Oats— Bushels jier a^'e. 


10-Yt'tti IVjumIs 

j Wheat 

Harley 

Oats 

~ 1885-1 89~1~ 

1 

33-02 

' 38-21 

1886 1895 

28*81 

32-68 

.38-23 

1887 1896 

29 49 

i 32-82 

38-13 

1888-1897 

29*19 

32-97 

38-51 1 

1889 1898 

29*86 

33 26 

38-86 1 

1890-1899 

30*15 

1 33.50 

' 38-81 


being the earliest decade for which the official figures are 
available. It thus appears that the average yield of wheat 
in Great Britain, as calculattid upon the crops harvested 
during the ten years of the ’nineties (1890-99), exceeded 
30 busheds to tlie acre, whereas shortly before, as for the 
ten years ended 1 896, it fell below 29 bushels. A largo 
expansion in the acreage of the wheat crop would probably 
be attended by a decline in the average yield per acre, for 
when a cro]> is shrinking in area the tendency is to with- 
draw from it first the land least suited to its growth. The 
general average for the IJnib^d Kingdom might then recede 
to rather less than 28 bushels of GO 11) j^er bushel, which 
was for a long time thi; acceptijd average — unless, of course, 
improved methods of cultivating and manuring the soil 
were to increase its general wheat-yielding capacity.^ 

Live Stock. 

The numbers of live stock in the United Kingdom are 
shown at five-yearly iiiti'rvals in Table XI. Under horses 

' The higher yield of wheat in recent years appears to he largely 
attributable to better grain-growing scoHuns. The yields in the 
experimental wheat-field at Rothamsted — where there is no change 
either of laud or of treatnieut — indicate this. Tlie following figures 
show tilt* average yiehls per acre ol the selected plots at Rothamsted 


I are embraced only unbroken horses and horses used solely 
I for agriculture (including marcs kept for breeding). The 

I 

I Table XI. — Numbers of Horses, Cattle, Elmep, and Pigs 
* in the United Kingdom, 

Year. Horses | Ctiiile Sheep. Pigs j 

187.5 1.819,687 i 10,162,787 38,491,918 ’ 3,49.5,167 ' 

1880 1,929,680 | 9,871,153 30,239,620 2,863,488 

188.5 1,909,200 , 10,868,760 30,086,200 3,686,628 

1890 1,964,911 ! 10,789,858 31,667,195 4,862,040 

1895 2,112,207 I 10,76.8,314 29,774,8.53 4,238,870 

1900 2,000,402 11,454,902 31 064,.547 3,663,669 


highest and lowest annual totals for the United Kingdom 
in the ijeriod 1875-1900 wei*e the following 


Highest. 

Lowu.st. 

Diflerpiicp 

Honii>8 2,112,207 m 1895 

1,819,687 in 1876 

292,520 1 

Cattli) ! 11,619,417 in 1892 

9,731,637 in 1877 

1,787,880 1 

Slieop »3,«42,808 in 1892 

27,448,220 111 1882 

6,194,588 i 

PiffD 1 4,382,040 in 1890 

2,8ai},188 m 1880 

1,498, .5, 52 


The highest total in each case is in the ’nineties. Aftei 
the maximum year of 1892 cattle and sheep declined 
continuously for three years to the totals of 1895, the 
I diminution being mainly the result of the memorable 
drought of 1893. Sheep, which numbered 32,571,018 
in 1878, declined continuously to 27,448,220 in 1882 — 
a loss of over five million head in five years. This was 
chiefly attributable to the ravages of the liver fluke w'hich 

over 81 X 8-yearly periods from 1862 to 1899, and afford evidence that 
the higher yield of the last sixteen years is due to the seasons : — 


Average of— 

Bushels (of 00 It) 
per acre. 

8 

years 1852-&9 

. -286 

8 

„ 1860-07 

. 281 

8 

„ 1868.76 

. 27? 

8 

„ 1876-83 

, 2H 

8 

„ 1884.01 

. 20| 

8 

„ 1802-00 

. 80 

9* 

„ 1852.83 

- "275 

1(1 

„ 1884-00 

. . . 80 

4S 

1862-90 

. . . 28i 


The average of the first thirty-two years is thus 27| bushels per acre, 
of the last sixteen years 30 bushels, and of the whole forty-eight 
years 28^ bushels. 
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being prolific breeders, fluctuate more widely in numWs 
than cattle or sheep, for the difference of l,49d,552 in 
their case represents fully one-third of the highest total, 
whereas the difference is less than one-seventh for horses, 
less than oncHsixth for cattle, and less than one-fifth for 
sheep. The relative proportions — ^as distinguished from 
the actual numbers — in which stock are distributed over 
the several sections of the United Kingdom do not vary 
greatly from year to year. Table XII., in which the 
totals for the United Kingdom include those for the 
Channel Islands and Isle of Man, illustrates the prepon- 
derance of the sheep-breeding industry in the drier climate 
of Great Britain and of the cattle-breeding industry in 
the more humid atmosphere of Ireland. In Great Britain, 
for every head of cattle there are about four head of 
sheep, whereas in Ireland the cattle slightly outnumber 
the sheep. Again, whilst Great Britain possesses only 


Table XII. — NuniJbera of Horses^ Cattle^ SJtaep^ and PiijH 
In iJi/G United Kingdom in 1900. 


1900. 

UorHes. 

Cattle. 

Blioep 


England . 
Wales . 
Scotland . 

1,1.52,321 
1.53,284 
194, .538 

4,848,698 

758,386 

1,198,086 

16,844,713 

.3,432,516 

7,314,997 

2,021,422 

228,097 

132,413 

Great \ 
Britain j 

1,500,143 

6,805,170 

26,592,226 

2,381,932 

li eland . 

491,143 

4,008,443 1 

j 4,386,697 

1,268,471 

United 1 
Kingdom* / 

2,000,402 

11,454,902 

81,054,547 

3,603,669 


half as many cattle more than Ireland, she jiossesses six 
times as many sheep. The cattle pojmlation of England 
alone slightly exceeds that of Ireland, but cattle are more 
at home on the broad plains of England than amongst 
the hills and mountains of Wales and Scotland, which 
afford suitable habitat for sheep. Hence it happens that, 
whilst in England sheep are not four times as numerous 
as cattle, in Wales th(*y are nearly five times as numerous, 
and in Scotland moie than six times as many. Gnat 
Britain has twice as many pigs as Ireland, but the swine 
industry is mainly English and Irish, and England is 
seen to possc>ss nearly six times as many pigs as Wales 
and Scotland together, the number in the last-named 
country being particularly small. One English county 
alone, Suffolk, maintains more pigs than the whole of 
Scotland. 

Imports of Live Animals and Meat. 

The stock-breeders and graziers of the United Kingdom 
liave, equally with the corn growers, to fac(5 the brunt of 
foreign competition, the aggregate importation, free of 

Table XIII. — Numbers ofCattley Slieepy and Pigs imported 
ivio tJie United Kingdom y 1891-1900. 


r 

Year 

Cattle. 

Sheep. 

rigs 

1891 

507,407 

344, .504 

542 

1892 

502,237 

79,048 

3826 

1893 

340,045 

62,682 

138 

1894 

475,440 

484,597 

8 

1895 

415,56.5 

1,065,470 

321 

1896 

562,553 

769,592 

4 

1897 

618,321 

611,604 


1898 

569,066 

663,747 

4.50 

1899 

503,504 j 

607,755 


1900 

405,645 

382,838 



duty, of meat in the carcase and on the hoof continuing 
steadily to increase. Up to 1 896 store cattle were admitted 

^ Including Channel Islands and Isle of Man. 
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into tbe United Kingdom iox the purpose oi iieing fattened, 
but under the Diseases oi Animals Act of that year animals 
imported sinco then have to be slaughtered at the place of 
landing. The dimensions of this trade are shown in Table 
XIII. 

The animals come mainly from the United States of 
America, Canada, and Argentina, and the traffic in cattle 
is more uniform than that in sheei), whilst that in pigs 
seems to have reacdied extinction. The quantities of dt‘ad 
meat imported have lucreasid with great rapidity, a cir- 
cumstance largely due to the rim of the trade m dulled 
and frozen meat. Fresh lK*ef in this form is imixirted 
chiefly from the United States aii<l Australasia, fresh 
mutton from Australasia and Argentina. 

Table XIV. shows how rapidly this trade expanded during 
the decade of the ’nineties. The column headed bacon 
and hams indicates clearly enough that the imports of 
fresh meat did not displace those of preserved pig meat, 
for the latter expanded from 4,715,000 cwt. to 7,784,000 
cwt. during the decade. The column for all dead meat 
includes not only the items tabulated, but also the follow* 

Table XIV. — Quantities of Dead Meat imported into the 
United Kingdoniy 1891-1900 — Thotisands of Cwt, 


Year. 

Freah 

Betjf. 

Frrah 

Mutton 

Fresh 

Poik. 

Baeoii 
ami Hams 

All 

1)(>. *1 Mont 

1891 

1921 

1663 

128 

4715 

i 9.790 

1892 

2080 

1700 

132 

5135 

1 10, .500 

1893 

1808 

1971 

182 

4187 

' 9,305 

1894 

2104 

229.5 

180 

4819 

i 10,610 

1895 

2191 

2611 

288 

5353 

' 11,977 

1896 

2660 

2895 

299 

, 6009 

i 13,347 

1897 

8010 

3193 

318 

! 6731 

1 14,729 

1898 

3101 

,3314 

.558 

1 7684 

16,445 

1899 

3803 

3446 

669 

1 7784 

17,6.58 

1900 

4128 

3393 

695 

1 7444 

17,912 


ing, the quantities stated being thost* for 1900- — Beef, 
salted, 194,668 cwt.; beef, otherwise preserved, 516,529 
cwt. ; preserved mutton, 64,452 cwt. ; salted pork, 248,710 
cwt. ; dead rabbits, 473,167 cwt. ; meat, unenumerated, 
754,114 cwt. The quantities of these are relatively small, 
and, excepting rabbits from Australia, they show no 
general tendency to increase. The extent to which these 
growing imports have been associated with a decline in 
value is shown in Table XV. 

Table XV. — Average Values of Fresh Meaty Bacouy and 
Hams imported into the United Kingdmiiy 1891-1900 
— Per Cwt, 


Ymr 

Prosh 

Beef 

I'Vpsh 

Mutton 

Fresh 

Pork 

Baron 

IlatnH. 


8. 

d. 

a. 

d. 

s d. 

8 

d 

S. 

d. 

1891 

42 

1 

39 

6 

47 6 

37 

11 

46 

4 

1892 

42 

5 

40 

6 

46 11 

40 

10 

47 

4 

1893 

12 

4 

39 

3 

r>o 0 

53 

0 

58 

S 

1894 

40 

0 

37 

10 

48 5 

43 

10 

49 

1 

1895 

39 

0 

35 

2 

1 46 1 

39 

0 

44 

11 

1896 

37 

10 

32 

7 

1 45 11 

34 

6 

43 

0 

1897 

38 

5 

30 

3 

44 0 

1 35 

5 

42 

8 

1898 

38 

2 

29 

7 

! 41 10 

j 36 

2 

39 

6 

1899 , 

38 

8 

31 

7 , 

1 •♦I 

; 35 

10 

41 

.5 

1900 

39 

7 

31 

.5 

43 0 

41 


46 10 





L- — — 









The tr(*nd of the import trade in meat, live and dead, 
may be gathered from Table XVI., in which are given the 
annual average imports for the seven quinquennial periods 
embraced between 1806 and 1900, An increase in live 
cattle has accompanied a decrease in live sheep and pigs, 
but the imports of dead meat have expanded nearly four- 
teen-fold over the period. 

The rate at which the trade in imported frozen mutton 
is increasing as compared with tht* industry in home- 
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grown mutton is illustrated in the hgures published 
annually by Messrs W. Weddol Company, from which 
those for 1885 and for each year from 1890 to 1900 are 


Table XVI. — Average Armual Imports of Cattle^ Sheep^ 
and Pigs^ and of Dead Meat^ into tJve IJniUd King- 
dom over seven h-y early Peri oris. 


PflriOfl 

1 CttttiH, 

Shrop. 

1 riftH- 

Df'ati M6.t. 1 


No 

No. 

No. 

Cwt I 

1866-70 

1 194,947 

610,300 1 

1 64,827 

1,16S,867 1 

1871-76 

1 216,990 

864,616 1 

i 74,040 

8,134,176 1 

1870-80 

1 272,746 

938,704 1 

1 44,613 

5.841,913 1 

1881-86 

387,282 

974,316 1 

1 24,366 

6,013,495 1 

1886-90 

438,098 

800, .699 , 

19,437 

7,681,729 

1891-96 

448,139 

407,260 1 

1 967 

10,430,549 

1896-1900 

649,818 

607,086 

91 

].'-.,7«5,.3.'i4 


given ill Table XVII. The home-grown i.s the estimated 
dead weight of sheep and lambs slaughtered, which is 
taken at 40 j)cr cent, of the total number of sheep and 
lambs returned each year in the United Kingdom. In the 
imported column is given the weight of fresh (frozen) mutton 
and lamb imported, plus the estimated dead weight of the 


Table XVI a. — Home Product and Imports of Sheep and 
Mutton into the United- Kingdom — Thousands of Tons. 


Year. 

Howe- 

Krown 

Import ml 

1 Year 

Homo. 

UniwM 

Importml 

1886 

322 

47 

1896 

319 

167 

1890 

339 

92 

1 1896 

329 

161 

1891 , 

, 369 

92 

i 1897 ; 

327 

176 

1892 

360 

87 

, 1898 1 

1899 i 

; 333 

182 

1893 1 

I 840 

100 

i 389 

187 

1894 i 

1 

i 322 

1 

128 

1 1900 1 

1 382 

179 


sheep imported on the hoof for slaughter. The lionu^ pro- 
duction of mutton would appi^ar to liave reacluid its limit, 
for the quantity entered under this head for 1899 is seen 
to be no more than that for 1 890. On the* other hand, the 
quantity imported in 1899 is double* that in 1890, and ejuad- 
ruplo that in 1885. Moreover, in 1885 the imported pro- 
duct was only about oue-aeveuth as much as the home-grown, 


Table XVIII. — Amrage Prices of Dead Meat j)er Stmie of 
8 lb at the London Cerntral Market in 1 898 and in 1 899. 


IleHcription. 

Beef. 

Scotch, short sidcH 
„ long aides 
English . 

Cows and Bulls 

Amorioau, Birkunhoad-kiJlod . 

,, Deptford-killed 
Argentine, Deptford-killed 
American, rofrigerd. , hifid-quart<*i*s 
,, ,, fore-quai tors 

Austi^ian, frozen, hind-(]uartci'H 

,, ,, foie-()uartor8 

New Zealand, ,, lund-<]uartorH 
„ ,, foro-<iuarter8 

Mu^To^ 

Scotch, prime . 

English, prime 
Ewes 

Continental . 

River Plate, town -killed . 

New Zealand, frozen 
Australian ,, 

River Plate ,, 


189K 1899 


5. d. 


a. 

d' 

8. 

d. 

a. 

— s 

d. 

3 

11 to 4 

3 

4 

3 to 4 

6 

3 

8 


3 

10 

3 

11 

M 4 

1 

3 

6 


3 

8 

3 

9 

M 3 

11 

2 

0 


2 

8 

2 

0 

„ 2 

10 

3 

1 


3 

6 

8 

6 

*, 3 

8 

3 

2 


3 

6 

8 

6 

» 3 

9 

2 

7 


2 

11 

3 

0 

» 3 

4 

8 

6 


8 

9 

3 

7 

„ 3 

10 

2 

2 


2 

6 

2 

4 

„ 2 

6 

1 

11 


2 

1 

2 


„ 2 

4 

1 

6 


1 

8 

1 

8 

1 

9 

y 

2 


2 

4 

2 

3 

.4 2 

6 

1 

8 


J 

10 

1 

9 

„ 1 

11 

4 

1 


A 

8 

4 

6 

„ 4 

11 

8 

10 


1 

6 

4 

2 

4, 4 

8 

2 

9 


3 

3 

3 

1 

3 

6 

3 

7 


3 

11 

.8 

9 

„ 4 

2 

3 

0 


3 

3 

3 

3 

„ 3 

6 

1 

9 


2 

6 

1 

11 

,, 2 

8 

1 

8 


1 

10 

1 

10 

„ 2 

0 

1 

8 


1 

9 

1 

11 

2 

0 


Lamu. 

English 4 10 ,, 5 9 5 0 „ 6 2 

New Zealand, frozen . . 3 1 ,, 3 5 2 11 „ 3 3 

whereas in 1890 it was more than one-fourth, and in 1897 
and each year since more than one-half. This large import 
trade in fresh meat, wliich sprang up entirely within the last 
quarter of the 19th century, has plac4*d an abundance of 


cheap and wholesome food well within the reach of the 
great industrial populations of the United Kingdom. At 
the same time it cannot be gainsaid that it has opened 
the way to fraud, when butchers have palmed off upon 
their customers imported fresh meat as home-grown, and 
secured a dinhonest profit by charging for it the prices of 
the latter, which are considerably in excess of those of the 
imported product. How wide is the margin for obtaining 
a fraudulent profit in this way is shown by the prices of 
home-grown and imported meat in Table XVIII. taken 
from the Agricultural Keturns. 

Many suggestions have been made to render it an 
offence at law for a seller to offer imported fresh meat as 
home-grown, but up to 1901 no legislative effect had been 
given to these proposals. 

Sale op Cattle by Live Weight. 

In connexion with the internal live stock trade of Great 
Britain attention must be directed to the Markets and 
Fairs (Weighing of Cattle) Act, 1891. The object of this 
measure is to replace the old-fashioned system of guessing 
at the weight of an animal by the sounder method of 
obtaining the exact weight by means of the weighbridge. 
The grazier buys and sells cattle much less frequently than 
the butcher buys thiun, so that the latt(»r is naturally more 
skilled in estimating the weight of a beast througli the 
use of the eye and the hand. The resort to the weighbridge 
should put both on an equality, but the method does not 
seem to have found much favour. Under the Act there 
are 1*5 scheduled places in England and 6 in Scotland, or 
21 altogether (19 previous to 1898), from which returns 
are regularly obtained. The numbers of cattle weighed 
at these places in the seven years, 1893 to 1899, were 
resjiectively 92,492, 96,344, 100,033, 109,184, 111,767, 
138,652, and 139,482, so that there was an increase of 
about 50 per cent, during the period. The numbers for 
Scotland an* greater throughout than those for England. 
The scheduled ])laces at wHch weighing apyiears to be most 
resorted to are Edinburgh, Aberdeen, and Glasgow in 
Scotland, and London, Shrewsbury, Carlisle, and Liverpool 
in England. But, as will be apparent from Table XIX., 

Table XIX. — Kos. of Cattle Weighed in Great Britain 
under the Markets and Fairs Weighimj of Cattle 
Act, 1893-1900. 


Year. 

Entering 

MnrketH. 

Weighed. 

Weighed. 


No. 

No. 

1*01 Cent 

1893 

1,219,208 

92,492 

7 69 

1894 

1,203,633 

96,341 

8-01 

1895 

1,186,149 

100,033 

8-43 

1896 

1,000,014 

109,184 

9-93 

1897 

1,116,183 

111,767 

10*02 

1898 

1,263,991 

138,662 

10*97 

1899 

1,236,091 

139,482 

11 *28 

1900 

1,187,603 

141,611 

11*92 


the number of cattle weighed bears but an insignificant 
proj)ortion to the total which pass through the scheduled 
markets. The figures given in Table XX. for the two 
years, 1898 and 1899, show how little use is mewle of 
the weighbridge in the sale of sheep and swine. Now 
that weighbridges are moderate in price and excellent in 
quality they are placed in most markets, so that there 
is little excuse for retaining the old empirical method of 
sale. As the primary object of the Act is to obtain 
records of prices, it follows that only in so far as statements 
of the prices realized, together with the description of the 
animals involved,, are obtained is the full advantage of the 
statute secured. In 1899 average prices for cattle of first 
or prime quality ranged from 328. 2d. per cwt. in Leeds 
to 38s. per owt. in London. For second quality beasta 
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the range was from 28s. lOd. per cwt. in Leeds to 348. 6d. 
in Edinburgh. In the case of third quality cattle the 
lowest average was 248. 6d. per cwt. in Liverpool, and the 
highest was 318. 8d. in Glasgow. These examples illus- 


Table XX. — Nos, of Anifruih Weighed in 1898-99 vmder 
the Markets and Fairs ( Weighing of Cattle) Act. 



1R9K. 

1890. 

Cattle : — 

No. 

No 

Entering markets 

1,263,991 

1,236,061 

Woighoa 

138,652 

139,482 

Prices returned with quality dis- 

102,299 

103,813 

tinguished 



Sheep : — 



Entering markets 

4,691,619 

4,681,602 

Weighed 

49,953 

48,613 

Prices returned with quality dis- 

40,460 

42,154 

tinguished 



Swine : — 



Entering markets 

' 308,370 

455,056 

Weighed 

1,614 

1 2,205 

Prices returned with quality dis- 

1,437 

j 2,070 

tinguished 


i 


trate the kind of information which the Act is competent 
to elicit. The number of fat cattle which were reported as 
having been actually sold by live weight at an agreed-oii 
price per cwt. or per stone — a most commendable innova- 
tion — ^was greater than over before in 1899, and amounted 
to 16,844 head. The weighing of store cattle for sale is, 
like that of fat cattle, slowly extending. 

Early Maturity. 

In the fattening of animals for the butcher the principle 
of early maturity has received full recognition. If the 
sole purpose for which an animal is reared is to prepare it 
for the block — and this is the case with steers amongst 
cattle and with wethers amongst sheep — thv sooner it is 
ready for slaughter the less should be the outlay involved. 
During the whole time the animal is living the feeder has to 
pay what has been termed the “ life tax ” — that is, so much 
of tlie food has to go to the maintenance of the animal as a 
living organism, independently of that which may be under- 
going conversion into what will subsequently 1 h^ available m 
the form of beef or mutton. ]f a bullock can be rendered 
fit for the butcher at the age of two or three years, will the 
animal repay another year’s feeding? It lias been proved 
at the Christmas fat stock shows that the older a bullock 
gets the less will he gain in weight per day as a result of the 
feeding. With regard to this point the work of the Smith- 
field Club deserves recognition. This body was 
instituted in 1798 as the Smithfield Cattle and 
Sheep Society, the title being changed to that 
of the Smithfield Club in 1802. The original object — 
the supply of the cattle markets of Smithtitjld and other 
places with the cheapest and best meat — is still kept 
strictly in view. The judges, in making their awards at 
the show held annually in December, at (since 1862) 
Islington, North London, are instructed to decide accord- 
ing to quality of flesh, lightness of offial, age, and early 
maturity, with no restrictions as to feeding, and thus to 
promote the primary aim of the club in encouraging the 
selection and breeding of the best and most useful animals 
for the production of meat, and testing their capabilities 
in respect of early maturity. At the -first show held (at 
Smithfield) in 1799, two classes were provided for cattle 
and two for sheep, the prizes ofiered amounting to X52 : 10s. 
In 1839 the classes comprised seven for cattle, six for 
sheep, and one for pigs, with prizes to the amount of £300. 
By 1862 the classes had risen to 29 for cattle, 17 for 
sheep, and 4 for pigs, and the prize money to £2072. At 


the centenary show in 1898 provision was made for 40 
classes for cattle, 29 for sheep, 18 for pigs, and 7 for 
aniznab to be slaughtered, whilst to mark the importance 
of the occasion the prizes offered amounted to closv* upon 
£5000 in value. In 1900 there were 36 classes for cattle, 
32 for sheep, 18 for pigs, and 7 for cattle and sheei> to be 
slaughtered, and the value of the prizes was £3894 The 
sections provided for cattle are proiwrly restricted to what 
may be tenned the beef breeds ; in the catalogue^ order 
they are Devon, Hereford, Shorthorn, Sussex, Rod Polled, 
Aberdeen-Angus, Galloway, Welsh, Highland, cross-bred, 
and a section for Kerry, l)exter, and Shetland. It will Ixs 
noticed that such characteristically milking breeds as the 
Ayrshire, .Terst'y, and Guernsey have no place here. Pro- 
vision is made, however, for all the well-known breeds of 
sheep and swine. In the cattle classes, aged beasts of 
huge size and of considerably over a ton in weight used to 
be common, but in recent years the tendency has been to 
reduce the upper limit of age, and thus to bring out 
animals ripe for the butcher in a shorter time than was 
formerly the case. The latest importent Hteq» in this 
direction was taken in 1896, when the st‘nior class for ste-ers, 
viz., animals three to four years ohl, was abolished, the 
nuiodmum age at which sheers were allowed to compete for 
prizes being reduced to three years. Th(‘ cow classes were 
abolished in 1897, and in the schedule of the 1900 
exhibition the classes for each breed of cattle were (1) for 
steers not excf'cding two yt‘ars old, (2) for steers above two 
years and not exceeding three years old, and (3) for heifers 
not exceeding thrc‘e years old. Th(‘ single exception is 
provided by the slowly-maturing Highland brci'd of cattle, 
for which classes were allotted to (1) steers not exceeding 
three years old, (2) steers or oxtm abovi' three years old 
(with no maxvnmm limit), and (3) heifers not ex(,*eeding 
four years old. As illustrating heavy weights, there were 
III the 1893 show, out of 310 entries of cattle, four beasts 
wiiich weighed over a ton. They were all steers of three to 
four years old, one bt*iug a Hereford weighing 20 cw't 
2 qr. 4 ft), and the others Shorthorns weighing resiiectively, 
20 cwt. 2 qr., 20 cwt. 3 qr. 21 R), and 22 cwt. 2 qr. 18 il». 
In the 1895 show, out of 356 entries of catth*, there were 
seven boasts of mon' than a ton in weight. 1’liey were all 
three to four years old, and comprised four Shorthorns 
(top weight 21 cwi;. 1 qr. 18 It)), one Sussex (22 cw’t. 3 qr. 
7 lb), and two cross-breds (top weight 20 cwt. 3 qr. 24 R)). 
In the 1899 show', with 311 entries of cattle, and the age 
limited to three yi*ars, no beast reached the weight of a 
ton, the heaviest animal being a cross-bred (Al)erdeen- 
Angus and Shorthorn) wkich, at three years old, turned 
the scale at 19 cwt. 1 qr. 5 R). Out of 259 entries of 
cattle at the show of 1900 the top w'eight was 19 cw't. 
2 qr. 3 lb in the case of a Red Polled steer, aged tw o years 
eleven months, the next b€*ing 18 cwt. 2 qr, 6 lb for a 
Hereford steer two years eight and a half mouths old. 
Useful figures for purposes of com])arison are obtained by 
dividing the weight of a fat beast by the number of days 
m its age, the weight at birth InMiig throwni in. The 
average daily gain in live weight is thus arrived at, and as 
the animal increases in age this average} gradually dimin- 
ishes, until the daily gain reaches a stage at which it does 
not afford any profitable return ui)on the food consumed. 
At the centenary show^ of the Smithfield Club in 1898 the 
highest average daily gains in weight amongst prize-w^in- 
ning cattle were provided by a Shorthorn-AlxTdeen cross- 
bred steer (age, one year seven months ; daily gain 2*47 R)); 
a Shorthorn steer (age, one year seven months ; daily gain, 
2*44 R)) ; and an Alierdeen-Shorthorn cross-bred steer (age, 
one yt»r ten months ; daily gain, 2‘33 R»). These beasts, 
it wrill be observed, were all under two years old. Amongst 
prize steers of two and a half to three years old, on the 
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same occasion, the three highest daily average gains in 
live weight were 2’07 lb for an Abordeon-Angus, 1*99 
for a Shorthorn-Aberdeen cross-bred, and 1 *97 for a Sussex. 
In the sheep section of the Smithheld show the classes for 
ewes were finally abfdished in 1898, and the classes 
restricted to wethers and wether lambs, whose function is 
exclusively the production of meat. At the 1900 show 
sheep of each bn*<*d, and also cross-breds, comjieted as (1) 
wether lambs under twelve months old, and (2) wether 
sheep abov(‘ twelve and under 24 months old. The only 
exception was in the Cfise of the slowly-maturing Cheviot 
and mountain breeds, for which the second class was for 
wether sheep of any age above twelve moiitha Of prize 
sheeji at the centenary show the largest average daily gain 
was 0*77 lb jMir head given by Oxford-Hampshire cross- 
bred wether lambs, aged nine months two weeks. In the* 
case of wether sheep, twelve to twenty-four months old, 
the highest daily increase was 0*56 lb jier head as yielded 
by Lincolns, aged twenty-one months. Witluu £he last 
quarter of th(^ 1 9th century the stock-feeding practices of 
the country were much modified in accordance with these 
ideas of t*arly maturity. The three-year old wethers and 
older oxen that used to be common m the fat stock mar- 
kets are now rarely seen, excepting yierliajis m the case of 
mountain breeds of sheep and Highland cattle. It was in 
1875 that the Smithfield Clul» first iirovided competitive 
classes for lambs, and in 1883 the cliampion plate offered 
for the best pen of sheep of any ago in tli<‘ show was for 
the first time won by lambs, a pen of Hampshire Downs. 
The young classes for bullocks were established in 1880. 
The tim€‘-lumoure<l notion that an animal must have com- 
pleted its growth before it oouhl be jirolitably fattened is 
no longer held, and the impiovcd breeds which now exist 
rival one auotlier as regards the early period at which they 
may be miule ready for tlio butcher, by aiiiiropnate feed- 
ing and management. 

In 1895 the Smithfield Club iristituU*d a carcase com- 
petition in association with its annual show of fat stock, 
and it has been continued each yi*ar since. The cattle 
and sheep entered for this competition are shown alive on 
the first day, at the close of which they are slaughtered 
and the carcases hung up for exhibition, with details of 
live and d«iad weights. The competition thus constitutes 
what is termed a “ block test,” and it is instructive in 
affording the opportunity of seeing the (juality of the 
carcases furnished by the several animals, and in particular 
the relative proportion and distribution of fat and lean 
meat. TIu* live animals are judged and subsequently the 
carcases, and, though the results sometimes agree, more 
ofttm they do not. Tables are constructed showing the 
fasted live wmght, the carcase weight, and the weight of 
the various [arts that are seiiarated from and not in- 
cluded witJi the carcase. An abundance of lean meat 
ami a mo(li‘rate amount of fat well distributed constituti's 
a betU*r carcase, and a more economical one for the con- 
sumer, than a carcase iti which gross accumulations of 
fat arc prominent. To add to the educiitional value of 
the display, information as to the methods of feeding 
would be desirable, as it would then be possible to 
correlate the quality of the meat with the mode of its 
manufacture. A [loint of high practical interest is the ratio 
of carcase weight to fasted Jive weight, and in the case of 
prize- winning carcases these ratios usually fluctuate within 
very narrow limits. At the 1899 show, for example, the 
highest pro|iortiou of carcase weiglit to live weight was 
68 per cent, in the casts of an AberdtHm-Angus steer and 
of a Cheviot wether, whilst the lowest was 61 per cent., 
afforded alike by a Shorthorn - Sussex cross-bred heifer 
and a Mountain lamb. A familiar [iractical method of 
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Smithfield stone (8 lb) of carcase for each imperial stone 
(14 lb) of live weight. This gives carcase weight as equal 
to 57 per cent, of live weight, a ratio much inferior to the 
best results obtained at the carcase competition promoted 
by the Smithfield Chib. Table XXL, given as an example, 


Table XXI . — Mock Test, Smithfield Clvh Show, 1900. 


XVlzc. 

Degcription and Breed. 

Fasted 

Live 

Weight. 

Carcase 

Weight. 

RaUo of 
Carcase 
to Live 
Weight. 


Cattle. 

1h 

1b 

Ter cent. 


SUerSf not ovrr two years 





old 




1 

Aberdeen-Hereford 

1102 

787 

66 

2 

Shorthorn-Galloway 

1297 

843 

65 

8 

Abordeen-Shorthom 

1315 

847 

64 


Steers, two to three years 





old:— 




1 

Aberdeen-AngiiB 

1332 

878 

66 

2 

Alierdeen-Shorthom 

1381 

927 

67 

3 

Shorthorn-Galloway 

Ifetfers, not over three 
years old : - 

1418 

897 

63 

1 

Aberdeen - Angus 

1804 

817 • 

63 

3 

Aberdeeu-Sussex 

1290 

801 

62 


SllEEP. 





Longwool Lambs, not over 





I 12 months old - 




I 

1 Devon cross 

141 

85 

60 

2 

Suffolk cross 

118 

71 

60 

3 

Cheviot 

123 

77 

63 


Longwool irethers, 12 to 





24 months old 




1 

Mountain 

105 

105 

64 

2 

Sn Hoik-Cheviot 

1.58 

99 

63 


Cheviot 

147 

91 

62 

3 ^ 

Shortwool Lambs, not over 





12 months old 




1 ' 

Southdown-Suffolk 

120 

81 

67 J 

2 

Hampshire Down 

138 

87 

63 

3 

HampEihire Dow^n 
Shortwool Wethers, 12 to 

1.50 

95 

63 


24 months old 




I 

Norfolk -Horned 

160 1 

106 

66 

2 

nam])8hire Down 

172 

103 

60 

3 

Southdown 

109 

68 

62 


relates to prize carcases in the comiietition at the 1900 
show. 


The Breeds of Live Stock. 

In the last quarter of the 19th century the many native 
bnieils of farm live stock became more clearly defined than 
ever before, and various breeds which at the beginning of 
that [leriod had received no separate classification in sliow- 
yard schedules were fully recognised lx‘fore its close. As 
a matter of record, it is deemed desirable to notice tho 
breeds as they stand at the beginning of the 2()th century. 
For fuller details than it is hero possible to give, tho 
reader should consult the respective stud books, herd books, 
and flock books pertaining to the several breeds. 

The breeds of light horses include the Thoroughbred, 
the Yorkshire Coach -horse, the Cleveland Bay, the 
Hackney, and the i>ony ; of heavy horses, the Shire, tho 
Clydesdale, and the Suffolk. The TJwrcynghbred is the 
oldest of the breeds, and it is known as the “ blood-horse ” 
on account of the length of time through which its purity 
of descent can be traced. It has ajirung from the old 
native horses of* England. In past times Arab and 
Turkish sires were imported for the improvement of the 
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exceptions) loxig since been abandoned. The frame of the 
thoroughbred is light, slender, and graceful ; its limbs are 
clean cut and sinewy, its skin is fine, its hair is glossy, 
and its eyes are bright and intelligent. Being so 
highly bred it is apt to be nervous and excitable, and is 
sometimes unruly, but its speed, resolution, and endurance, 
as tested on the racecourse, are beyond praise. The de- 
mand for Jmnting horses has, during recent years, been 
productive of useful efforts to improve their quality by 
crossing thoroughbred stallions with half-bred mares, and 
work of this nature has been readily undertaken on many 
horse-breeding farms, stimulated by the premiums offered 
by the Royal Commission on Horse-breeding. A good 
type of ImnXer horse should be thick and strong on the 
back and loin, with long, powerful quarters and muscular 
thighs, and hocks neatly shaped and clean. The head 
should be long, lean, and blood* jke, and the eye full. A 
mahogany-brown colour is in high favour, then black, bay, 
or dark chestnut. Greys, roans, and light chestnuts are 
less {popular. 

The Yorkshire Coo/ch-horse is extensively bred in the 
North and East Ridings of York, and the thoroughbred has 
taken a share in its development. The colour is usually bay 
or brown, the legs being black. The mane and tail are 
abundant, but not curly. A fine head, sloping shoulders, 
strong loins, lengthy quarters, high-stepping action, fiat 
legs, and sound feet are characteristic. The height vanes 
from 16 hands to 16 hands 2 inches. The Clevelmul Bay 
is a near relation of the Yorkshire coach -horse, and 
is bred in various parts of Yorkshire, Durham, and 
Northumberland. He is adapted alike for the plough, 
for heavy draught, and for slow saddle work. Some 
specimens make imposing-looking carriage horses. The 
colour is light or dark bay, with clean black legs, and 
black mane and tail. Though rather coarse -headed, 
the Cleveland Bay has a well-set shoulder and neck, a 
deep chest, and round barrel. The height is from 16 to 
17 hands. 

The Hackney has come prominently to the front in recent 
years. The term iVa/ 7 , applied to the active riding or trot- 
ting horse, is derived from the Anglo-Saxon kneyan^ to neigh. 
The Normans brought with them their own word haqv/enJk^ 
or houcqv/enee^ the French derivative from the Latin equm^ 
a horse, whence the name hackney. Both nag and 
hackney continue to be used as synonymous terms. 
Frequent mention is made of hackneys and trotters m 
old farm accounts of the 14th century. The first note- 
worthy trotting hackney stallion, of the modern type, was 
a horse foaled about 1755, and variously known as the 
Schales horse. Shields, or Sliales, and most of the recog- 
nized hackneys of to-^y trace back to him. The breed- 
ing of hackneys is extensively pursued in the counties of 
Norfolk, Cambridge, Huntingdon, Lincoln, and York, and 
in the showyard competitions a keen but friendly rivalry 
is usually to be noticed between the hackney-brei*.ding 
farmers of Norfolk and Yorkshire. Hackneys include 
both riding horses and driving horses. The aim of the 
breeder is to produce an animal which is saleable at an 
early age, which can be bred and reared at moderate 
expense, and which can be broken in without much risk. 
Excellent results have followed the use of hackney sires 
u|K)n half-bred mares, the latter being the offspring of 
thoroughbred stallions and trotting mares. As regards 
the movement, or, as it is termed, the “ action ” of the 
hackney, he should go light in hand, and the knee should 
be so elevated and advanced during the trot as to be seen by 
the rider projecting beyond the breast, whilst, before the 
foot is put down, the leg should be well extended. Above 
all, the hackney should possess good hock action, as 
distinguished from mere fetlock action, the propelling 
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power depending upon the efficiency of the former. To be 
classed as a hackney an animal must be over 14 hands 
high, that is, exceeding 56 inches. 

The Pony differs essentially from the hackney in the 
matter of height, the former being required not to exceed 
14 hands. There is, however, one exception, the naturtj 
of which is made clear in the following extract from Sir 
Walter Qilbey’s Ponies Past and Present^ 1900 : — 

Before the establishment of the Hackney Ilorso Society in 188:i 
the dividing line between tho horse and the pony in 
was vague and undehiied. It then found ueeessar} to dis- 
tiuguisn clearly between horses and ponies, and, accordingly, all 
animals measuring 14 hands or under were designated ^‘jiouies," 
and registered in a separate part of the (Hackney) Stud Book. 
This reiiord of height, witli other particulars as to breeding, &c., 
serves to direct breeders 1 x 1 their choice of sires and dams. The 
standard of height established by the Hacknoy Horse Society 
W'os accepted and officially recognized by the Royal Agricultural 
Society in 1889, when the prize-list for the Windsor show con- 
tained pony classes for animals not exceeding M hands. The 
altered ]>olo-rule, which tixos the limit of height at 14 hands 
2 inches, may be productive of some little confusion ; but for 
all other purposes 14 hands is tho recognized maximum height 
of a pony. I*nor to 1888 small horses wens called iiidilferently 
Galloways, hobbies, cobs, or pomes, irrespective of then lieiglit 

Native ponies include those variously known as English, 
New Forest, Exmoor, Dartmoor, CvUitiberlaiid and West- 
morland, Highland, Shetland, and Connemara, the last- 
named comprising — according to Frofessor J. C. Ewart- — 
five types, viz., Andalusian, Eastern, Cashel, C^Jydesdale, 
and Clifden. Ponies range in height from 1 4 hands down 
to 8 ^ or 9 hands, many Shetland ponies not exceeding the 
latter. As in the case of tho hackney, so with the pony, 
thoroughbred blood has been used, and with good results. 
One object of tho pony breeder is to control size, — to com- 
press the most valuable qualities into the legist compass. 
He endeavours to breed an animal possessing a small head, 
perfect shoulders, true action, and good manners. A com- 
bination of the best points of the hunter with the style and 
finish of the hackney produces a class of weiglit-c'ai i ymg 
pony which is always saleable. 

The Bhire horse owes ito happily-chosen name- of (]uite 
recent application, however, — to Arthur Young's remarks, 
in the description of his agricultural tours during the 
closing years of the 18th century, concerning the large 
black old English horse, “the produce princijially of the 
Shire counties in the heart of England,” Long previous 
tp this, however, the word Shire, in connexion wdth horses, 
was used in the statutes of Henry VI 11 . By the various 
names of the War Horse, the Great Horse, the Old English 
Black Horse, and the Shire Horse, the breed has for cen- 
[ turies been cultivated in the ricli fen-lands of Lincolnshire 
and Cambridgeshire, and in many counties to the west. 
The Shire is the largest of draught horses, the stallion 
commonly attaining a height of 17 to 17.3 hands. Though 
the black colour is still frequently met with, bay and brown 
are more usually seen. The lighter colours, such as chest- 
nut, roan, and grey, are not so much in favour. W ith tlieir 
immense size and weight — 1800 11) to 2200 lb — tlu* Shires 
combine great strength, and they are withal docile and 
intelligent. They stand on short stout legs, witli a plenti- 
ful covering — sometimes, perhaps, too abundant of long 
hair extending down the back of the limbs from knees 
and hocks to pasterns. The head is of inedmin size, and 
broad between tho eyes. The neck is fairly long, and well 
arched on to the shoulders, which art* diu p and strong, 
and moderately obli(iuc. The chest is wide and full, the 
back short and straight, the ribs are round and deep, the 
hind quarters long, level, and well let down into the 
muscular thighs. The cannon-bones should be fiat, heavy, 
and clean, and tho feet wide, tough, and prominent at tlio 
heels. A good tyjie of Shire horse combines symmetrical 
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outlines and bold free action, with clean, heavy, flat bone, 
and soft silky hair. De8i)ite the introduction of the motor- 
car there is a good and remunerative demand for Shire 
geldings for use as draught horses in towns. 

The QlydeuUih^ the Scottish bre(»d of which the native 
home is in the valley of the Clyde, is not quite so larg(‘ as 
the Shire, the average height of stallions lieiiig about 16 
hands 2 inches. The shoulder is more oblique than in the 
Shire. The popular colour is bay, particularly it of a dark 
shade, or dappletl. Black is also a common colour, but 
grey is not oncouiugt*d. White markings on om‘ or more 
of the legs, witli a white star or stripe on the face, are 
quite usual. The “feathering,^* that is, tht* development 
of silky Jiair on the backs of the legs, as in the Shires, is a 
point to which Clydesdale breeders attach much inqKirt- 
ance, It btdng regarded as an indication of strong, healthy 
bone. The bones of the legs should be short, flat, cl(‘an, 
and hard. With symmetry, activity, strength, anti endur- 
ance, the Clydesdale associates a good temper and willing 
disfiosition, is easily broken to harness, anti mak(*s an 
admirable draught horse. 

The Sujfolk is a horse tpiite distinct from the Shire and 
the Clydesdale, two breeds which }) 0 .sse 8 s many jioints in 
common. It stands altogether lower, its body looking 
almost too heavy for its limbs ; it possesses a characteristic 
chestnut or light dun colour, and its legs are free from 
tlie “feather** which is so much aiimired in the two other 
heavy breeds. How long the Suffolks have been associated 
with the county after which they are iianu'd is unknown, 
but they are mentioned as long ago as 1586 in Camden’s 
JiriianttM, With an average height of about 16 hands, 
they often liave a weight of as much as 2000 lb, and this 
may explain the apix^arance which has given rise to the 
name of the Sufl'olk Punch, by which the br(‘ed is known. 
If the Suffolk IS not in all respects a handsome timmal, he 
is none the le.ss a resolute and unwearying worker, and is 
richly endowed with many of the b(‘st qualitu*s of a horse. 

Cattle, 

The recognized breeds of cattle in tlie British Isles 
comprise the Shorthorn, Htreford, Devon, South Devon 
or South Hams, Sussex, Welsh, Longhorn, Bed Polled, 
Aberdeen- Angus, Galloway, Highland, Ayrshire, Jersey, 
Guernsey, Kerry, and Dexter. These* names — with the 
four exceiitions of Shorthorn, Longhorn, Bed Polled, and 
Dexter — are geographical, and servo to indicate the 
“ homes *’ of the several breeds or the places whence they 
originated. The Shorthorn, Hereford, Devon, South 
Devon, Susse*x, Longhorn, and Bed Polled breeds are 
native to England ; the Alierdeen-Augas, Galloway, High- 
land, and Ayrshire breeds to Scotland ; and the Kerry 
and Dexter breeds to Ireland. The Jersey and Guernsey 
breeds — often spokt‘n of as Channel Islands cattle — bc*loiig 
to the respective i.slauils whose names they bear, and great 
care is taken to keep Jersey cattle out of Guernsey, and 
Guernsey (aittle out of Jersey. The term Alderney is 
obsolete, and no pure brtH*d is designated by that name. 

The Shortlu^m is the most widely distributed of all the 
breeds of cattle, both at home and abroad. No census of 
breeds^ has ever been taken in the United Kingdom, but 
such an enumeration would show the Hhorthorn far to 
exceed in numbers any other breed, whilst the gn*at 
migority of cross-bred cattle contain Shorthorn blood. 
During the lost quarter of the 18th century the brothers 
Charles Colling (1751-1836) and Bobert Colling (1749- 
1820) set to work, by careful selection and breeding, to 

' lu 1900 the bulls of Ireland were for the first time euumerated 
There were 8406 Shorthorns, 764 Aberdeen-Augus, 376 Kerries, 329 
Herefords, 116 Red Polled, 103 Dexters, 66 Channel Islands, and 
4126 others and cross>breds ; total, 14,286 
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improve the cattle of the Teeswater district in the county 
of Durham. If the Shorthorn did not actually originate 
thus, it is indisputable that the efforts of the CoUings^ 
had a profound influence upon the fortunes of the breed. 
It is still termed the Durham breed in most parts of the 
world except the land of its birth, and the geographical 
name is far preferable, for the term “ shorthorn ** describes 
no characteristic which is not shared by a number of other 
breeds. Other skilled breeders turned their attention to 
the Shorthorns and established famous strains, the de- 
scendants of which can be traced down to the present day. 
By Thomas Booth, wlio dwelt at Killerby and Warlaby 
in Yorkshire, the “Booth** strains of Shorthorns were 
originated. Similarly, by Thomas Bates, of Kirklevington 
in Yorkshire, the “Bates** families were established.^ 
When Shorthorn breeders of to-day talk of “ Booth blood,** 
or of “ Bates blood,** they refer to animals descended from 
the resiiective herds of Thomas Booth and Thomas Bates. 

Shorthorns are sometimes spoken of as the ubiquitous 
breed, and also as the “red, white, and roan** breed. 
The roan colour is very popular, and the full red has its 
supporters, as in the ease of the Lincolnshire Bed Short- 
horns ; unbroken white is not much in favour. The 
striking characteristic of the Shorthorn is the ease with 
which it adapts itself to varying conditions of soil, climate, 
and management. Add to this tliat the breed is equally 
noted both for its beef-making and its milk-yielding pro- 
jierties, and — serving as it thus does the dual purpose — 
it IS not diflUcult to see why the Shorthorn is so extensively 
bred over such wide ar(*as. Its importance exceeds that 
of any other breed, whether it be vit‘wed as a grazier’s 
beast or a dairyman’s cow. Shorthorns may be seen at 
nearly all the fairs and cattle markets of Great Britain 
and Ireland, a statement that can be made of no other 
breed. For crossing purjioses, for the production of beef- 
cattle, the Shorthorn is unrivalled. 

The culmination of what may be termed the Booth and 
Bates period was in the year 1 87 5, when the sales took 
jilace of Lord Dunmore’s and Mr William Torr’s herds, 
which realized extraordinary jjrices. In that black year 
of farming, 1879, prices were declining, and continued to 
do so till within the last few years of the close of the 19th 
century, when then* set in a gradual revival, stimulated 
largely by the commercial prosperity of the country. The 
result of extremely high prices when line bred animals 
were in fashion was a tendency to breed from all kinds of 
animals that were of the same tribe, without selection, 
i Consequently, a deterioration set in, which was aggravated 
by the overlooking of the milking properties. Shorthorn 
breeders thus c^ime to see that a change of blood was 
necessary. Meanwhile, for many years breeders in Aber- 
deenshire had been holding annual sales of young bulls and 
heifers from their herds. The late Mr Amos Oruickshank 
lx‘gan his annual sales in the ’forties, and the late Mr W. 
T. Talbot-Crosbie had annual sales from his Shorthorn 
herd in the south-west of Ireland for a numlx*r of years. 
Many Alierdeen farmers emigrated to Canada, and bought 
Shorthorn calves in their native county to take with them. 
The Cruickshanks held thtdr bull sales at that time, and 
numerous animals were bought by the small breeders in 
Canada. This continued until 1875, when the Cruick- 
shauks had so much private demand tliat th(*y discon- 
tinued their public salea Subsequently, when Messrs 
Cvruickshank sold their herd privately to Messrs Nelson 
for exi>ortatioir the animals could not all be shipped, and 

* C. J. Bates, “The Brothers Colliug," Jour, Jtm/, Agrie, Soc, 
1899. 

^ C. J. Bates, Thomaa Balts and the KirkU/eington Shorthorns: 
a CotUrUnUion (o the History qf Pitre Durham Cattle, Newcastle- 
upon-Tyne, 1897. 
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Mr Duthic, of Collynie, Aberdeenshire, bought some of 
the older cows, whilst Mr Deane Willis, of Baptou Manor, 
Wilts, bought the yearling heifers. Mr Duthie thereupon 
resumed the sales that the Cruickslianks had relinquished, 
his averages being X30 in 1892, about £50 in 1893-94, 
and j£80 in 1895. These prices advanced through English 
breeders requiring a little change of blood, and also through 
the increasing tendency to exhibit animals of great sub- 
stance*, or rather to feed animals for show. The succciss 
of this movement has strengthened the demand, whilst an 
inquiry for this line of blood has arisen in the United 
States and Canada. A faithful contemporary history of 
the Shorthorn breed is to be found in Tfiomlon^s Circular ^ 
which is published quarterly and dates back to 1 8G8. 

The Hereford breed is maintained chiefly in Hereford- 
shire and the adjoining counties. Whilst a full red is the 
general colour of the body, the Herefords are distinguished 
by their white faces, white chest and abdomen, and white 
mane. The legs uj) to the knee or hock are also often 
white. The horns are moderately long, springing straight 
from the head in the bull, and turning somewhat forward 
and upward in the cow\ Herefords, though they rear 
their own calves, have acquired but little fame as dairy 
cattle. They are, howevi*r, very hardy, and produce beef 
of excellent quahty. As, moreover, they are docile they 
fatten ea.sily and readily, and as graziers* beasts they are 
in high favour. 

The Devon cattle — the “ liubies of the West,” as they 
are termed, in allusion to their colour — are reared chiefly 
m Devon and Somerset. The colour is a whole red, its 
depth or richness varying with the individual, and in 
summer becoming mottled with darker spots. The Devons 
stand somewliat low ; thi'y are neat, compact, and plump, 
and ]»os8ess admirable symmetry. Whilst they do not 
attain the* size of the Shorthorn or the Hereford, yet, 
taking their height into consideration, they (lerhaps weigh 
better than either. In the male animal the thick-set horns 
project straight out at right angles to the rest of the 
bocly ; in the female they are more slender, and often 
curve neatly upwards. Being fine-limbed, active animals, 
they are well adapted for gmzing the jioor i>astures of 
their native hills, and they turn their food to the; liest 
account, yielding excellent beef. They have not yet attained 
much celebrity as milch kme, for, though their milk is of 
first-class quality, its (juantity is usually small. Latterly, 
however, the milking qualities have received more atten- 
tion from breeders, whose object is to (qualify the Devon 
as a dual-purpose breed. 

The South Devon or South Hanis cattle are almost 
rt'stricted to that southern part of the county of Devon 
known as the Hams, whence they are also called “Hammers.** 
With a somewhat ungainly head, lemon-yellow hair, yellow 
skin, and large but hardly handsome udder, the South 
Devon breed bears far more resemblance to the Guernseys 
than to the triin-built cattle of the hills of North Devon. 
The cows are heavy milkers, and furnish excellent butter. 
They are rarely seen outside their locality, and seldom 
appear in the showyards. 

The Sussex breed, named after its native county, re- 
sembles the Devon in many respects. The Sussex cattle, 
however, are bigger, less reflned in appearance, less graceful 
in outline, and of a deeper brown-chestnut colour than the 
Devons, — tho “ dainty Devons,** as the latter may well he 
(».Iled in comparison with the massive animals of the 
Sussex breed. As a hardy race, capable of thriving on 
poor rough pastures, the Sussex are highly valued in their 
native districts, where they have l)een rapidly improved in 
recent yeara They are essentially a beef -producing breed, 
the cows having little reputation as milkers. By stall- 
feeding they can be ri|xmed off for the butcher at an 


early age. The Sussex cattle are said to “die well,** that 
is, to yield a large proportion of meat in the best i)arts of 
the carcase. 

In the Welsh breed of cattle black is the ]>rcvailing 
colour, and the horns are long. They do not mature very 
rajiidly, but some of them grow eventually into big ponder- 
ous beasts, and their beef is of prime quality. In Wales 
8(*veral varieties are recognized — the Anglesey, Pembroke, 
Glamorgan — and the cows often acquire considiTable 
reputation as milkers. As graziers* beasts Wt Lsh cattle 
are 'well known in the midland counties of England, 
where, under the name of Welsh runts, large* herds of 
bullocks are fattened upon the pastures, or “ topped up ** 
in the yards in winter. 

In the Longhxnn. breed of cattle the inten*st is largely 
historical. It was with the Longhorns that the famous 
Eobert Bakewell, of Dishley, Leicestershire (1726-95), 
gave evidence of his remarkable skill as an improver of 
cattle in the middle of the 18th century.* At one jKTJod 
the Longhorns were widely spread in England and Ireland, 
but, as the Shorthorns exttmded their domain, the long- 
horned cattle made way for them. Longhorns are to be 
seen in the midland counties of England, chiefly in 
Warwickshire. They are big, rathi-r clumsy animals, with 
long drooping horns, which are very objectionable in these 
days of cattle transport by rail and st*a, and which somc*- 
times grow in such a fashion as to prevent the animals 
from grazing. The bullocks feed up to high weights, and 
tlu* cows are fair milkers. No lover of cattle can view 
these quaint creatures without a fi*eling of satisfaction 
that efforts are being made to resuscitate a breed which 
has many useful qualities to eonmiend it. 

The Red Polled is the only hornless breed of English 
cattle, and, though an old bribed, it is within quite reci*nt 
years that it has come into prominence. These cattle 
were formerly known as tht* East Anglian Polls, and later 
as the Norfolk and Suffolk Polled cattle, being conflued 
chiefly to the two counties named. They are symmc'tncally- 
built animals, of medium size, and of uniformly red 
colour. They have a tuft of hair on the poll, or uj)i*er 
l)art of the forehead. Of the native breeds of England, 
the lied Polled liave acquired the highest distinction as 
dairy cattle, and are noted for the length of the jx-Tiod 
during which they continue in milk. Not less are they 
valued as beef-producers, and, as they are hardy and 
docile, they fatten readily and inaturt^ fairly early. Hence, 
like the Shorthorn, they may claim to be a dual -pm - 
pose breed. As beef cattle they are always seen to 
advantage at the Norwich Christmas cattle show, held 
annually in November. 

The Aberdeen- Angus breed belongs to Aberdeenshire 
and adjacent parts of Scotland, but many herds are main- 
tained in England and some in Ireland. They possess 
glossy black coats (occasionally red), havi* no horns, and 
are often termed “ Doddies.** They attain great size and 
weight, make first-class lieasts for the butcher, and yield 
beef of excellent quahty. The cross between the Short- 
horn and the Aberdeen -Angus, known as the “Blue 
Grey,** is a favourite in the meat markets. 

The Galloways are named from the district in the south- 
west of Scotland to which thi*y are native. Like the 
Aberdeen-Angus cattle, the Galloways are hornles^ and 
normally of a black colour. But the Galloway, with its 
thicker hide and shaggy hair, suited to a wet climate, has 
a coarser appearance than the Aberdeen-Angus, the 
product of a less humid region, though it approaches tho 
latter in size. The Galloways yield suixjnor beef, but 
they mature less rapidly than the Abordi‘eu- Angus. The 


* Uousman, ** Robert Bakewell,” /our. Roy. Agnc, &tc> 1804. 
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Galloways make admirable beasts for the grazier, and the 
cross between the Galloway and the Shorthorn, also 
known as “Blue Grey,” is much sought after by the 
butcher. 

The Highland breed — termed also the West Highland 
and the Kyloo — is ix‘rha2)s the most picturesque of the 
breeds of British cattle. Their home is amidst the wild 
romantic scenisry of the Highland counties and Western 
Isles of Scotland, though herds of them may be seen in 
various English parka. There is no hardier breed. In their 
iiative haunts they live i^xposed to all weathers, and thrive 
upon scanty herbage which tli<‘y gather with great efi’ort. 
Thfjy have not made much progress towards early maturity, 
but their slowly rijiened beef is of the choicest quality. 
Whilst they are not often remarkable for size, they look 
larger tlian they really are on account of the thick shaggy 
liair in which they are eiivelopt'd. The colour varies 
from light dun, or tawny yellow, to black. Their long, 
handsomely curved horns are set widely ajiart. 

The AyrMres are the dairy breed of Scotland, where 
they have considerably overstej)pt*d the limits of the humid 
western county whence they take their name. They are 
usually of a white and brown colour, the patches being 
well defined. Sometimes the brown is replaced by red, 
and any one of the colours may prevail to the exclusion of 
the others. Tlie neat, shajxOy, upstanding horns, with a 
peculiar curve upwards at the tip, are characteristic. The 
Ayrshires are of medium size and are graceful movers, and 
the females havt^ the wedge-shaiKj ]>ossessed by typical 
dairy cows. They are a hardy breed, and give good yndds 
of milk even from ])oor pastures. The milk of the Ayr- 
shires 18 especially useful for cheesemaking purposes. 

The are a bribed of graceful, deer-like cattle whose 

home is in the island of Jerst\y, wdiere, by means of 
stringent regulations against the importation of cattle, the 
breed has been kejit pure for many generations. As its 
milk is eH2J(*cLally rich in fat, the Jersey has attained a 
wide reputation as a butter-producing bre(*d. It is a great 
favourite in England, when* many imre-bred herds exist. 
The colours most jirefiTred are the light silver-grey, the 
brown, and the fawn ; briiidhxl markings are very rarely 
seen. The white zoiu* behind the black muzzle gives to 
these dittle the aj)]H*araiiee in respect of which they are 
sometimes termed “ mealy mouthed.” The horns are short, 
and generally curved inwards, the bones are fine. The 
best milch cows have a yellowish circle, round the eye, and 
the skin at the extremity of the tail of a deej} yellow, 
almost orange, colour. Tin* Jersi*y cattle possess peculiari- 
ties of colour not seen in any other breed in the British 
Isles. The eows are gentle and docile, but the bulls, 
despite their small size, are often fierce. 

The Gaermey cattli' liave tlieir native homes in the 
islands of Guernsey, Alderney, {Sark, and Herm, and they 
are kept jiure there by the same kinds of restrictions as 
are adopted in Jersi'y for the protection of the native 
bree.d of that island. Iferds of imre-bred Guernseys exist 
in the Isle of Wight and in various southern counties of 
England. Thtsy have not the refined and elegant appear- 
ance of the Jerseys, which, however, they exceed in size. 
They are usually of a rich yellowish-brown colour, patched 
with whit(% whilst in some cases their colour almost merits 
the appellation of “ oiuiige and lemon.” The yellow 
colour inside the ears is a point always looked for by 
judgtJS. The cows, large-bellied and narrow in front, are 
truly wedge-shaped, the greatly developed milk-bag adding 
to the expanse of the hinder part of the body. They yield 
an abundance of milk, rich in fat, so that, like the Jerseys, 
they are excellent butter-producers. The horns are yellow 
at the base, curved, and not coarse. The nose is free from 
black markings, whereas, in the Jerseys, there is, as has 


just been stated, a dark muzzle, encircled by a light 
colour, thus giving a “ mealy-mouthed ” appearance. 

The Kerry is a breed of small black cattle belonging to 
the south-west of Ireland, whence they have spread into 
many parts, not only of their native land, but of England 
as well. Although they are able to subsist on the roughest 
and scantiest of fare, and are exceedingly hardy, the cows 
are, nevertheless, excellent milkers, and have acquired 
celebrity as a dairy breed. The colour is black, but the 
cows sometimes have a little white on the udder. The 
horns are whitc^, with black tip, and are turned upwards. 
The Kerry is active and graceful, long and lithe in body, 
and hght-limbed. 

The Dexter breed is an offshoot of the Kerry, its origin 
being attributed to Mr Dexter, who is creditcMl with having 
established it, by selection and breeding from the best 
mountain tyix^s of the Kerry. Until recently it was called 
the Dexter Kerry. It is smaller, shorter in the leg, and 
more comimct than the Kerry, and gains in pluiiqjness 
what it loses in elegance. Whilst valuable as a beef- 
making animal, it is equally noted for its milk-produ- 
cing capacity. Black is the usual colour, but red is also 
recognized, with, in either case, a little white. When 
of a rod colour, its aiijiearancc lias been ajitly compared to 
that of a grand Shorthorn viewed through the wrong end 
of a telescojie. The Kerry and the Dexter are readily 
distinguishable. The. Kerry has a light, decr-like head and 
horn, light limbs, with ribs, hi^is, and shoulders well set, 
thin skin, straight back, light, well-set tail, with long 
brush. The Dexter has, as has just been intimated, very 
much the character of a diminutive Shorthorn, with short 
strong legs, square body, flat back, thick shoulder, short 
neck, and well-set liead anti horn. 

The breeds of cattle which arc more espe.cially note- 
worthy as beef-makers include the Shorthorn, Hereford, 
Dt'von, Sussex, Welsh, Aberdeen-Angus, Galloway, and 
Highland. As milk-iiroducers, and therefore as dairy 
cattle, the Shorthorn, South Devon, Longhorn, lied Polled, 
Ayrshire, Jersey, Guernsey, Kerry, and Dexter bre.e.ds 
have act] aired eminence. Such bn^eds as the Shorthorn, 
Devon, Welsh, Ited Polled, and Dexter are claimed as use- 
ful both for beef-making and for milk-producing, and are 
hence regarded as stjrving the dual purpose. Aa regards 
colour, red is characteristic of the Htireford, Devon, 
Sussex, and Red Polled. Black is the dominating colour 
of the Welsh, Aberdeen-Angus, Galloway, Kerry, and 
Dexter. A yellowish colour is stjon in the Guernsey and 
South Devon breeds. Various shades of fawn colour are 
usual in the Jersey cattle. The Herefords, though with 
red bodies, have white faces, manes, and dt'w-lajis, whilst 
white prevails to a greater or loss extent in tht» Shorthorn, 
Longhorn, and Ayr^ire breeds. The Shorthorn breed is 
exceedingly variable in colour ; pure-bred s^jecimens may 
be red, or white, or roan, or may be marked with two or 
more of these colours, the roan resulting from a blending 
of the white and red. Black is not seen in a pure-bred 
Shorthorn. With respect to size and weight, the biggest 
and heaviest cattle come from the Inxif-making breeds, and 
arc often cross-bred. Very large beasts, if jiure-bred, 
usually belong to one or other of the Shorthorn, Hereford, 
Sussex, Welsh, Aberdeen-Angus, and Galloway breeds. 
The Devon, Red Polled, and Guernsey are medium-sized 
cattle ; the Ayrshires arc smaller. The Jerseys are small, 
graceful cattle, but the Kerries and Dexters furnish the 
smallest cattle of the British Isles. 

Sheep. 

The sheep native to the British Isles may be classified as 
longwool, ^ortwool, and mountain breeds. The longnfool 
breeds are the Leicester, Border Leicester, Cotswold, 
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Lincoliiy K^ntiVlhy Devon Longwooli South Devon, Wens- 
leydale, and Bosoommon. The tikoriwool breeds are the 
Oxford Down, Southdown, Shropshire, Hampshire Down, 
Suffolk, Byeland, Somerset and Dorset Homed, and Clun 
Forest. The mountain breeds include the Cheviot, Black* 
faced Mountain, Herdwick, Lonk, Dartmoor, Exmoor, 
Welsh Mountain, and Limestone. These breeds are all 
English, except the Border Leicester, Cheviot, and Black- 
faced Mountain, which belong to Scotland; the Welsh 
Mountain, which belongs to Wales ; and the Hoscommon, 
which is Irish. The true mountain breeds are Jutnied 
gjieep — usually the males only in the case of the Cheviot, 
the Herdwick, and the Welsh, though many Cheviot rams 
are hornless. In the only other horned breed, the Somer- 
set and Dorset, both sexes are furnished with horns. The 
remaining breeds are hornless. The white-faced breeds 
include the Leicester, Border Leicester, Lincoln, Kentish, 
Cheviot, Ryeland, Devon Longwool, South Devon, Somer- 
set and Dorset Horned, Dartmoor, Exmoor, and Bos- 
common. Black faces cliaracterize the Hampshire Down 
and the Suffolk, whilst some amount of black is seen on 
the faces of the Black-faced Mountain and the Lonk. 

The Leicester^ though sparsely distributed now, is of 
high interest in that it was the breed which Bol)ert Bake- 
well took in hand in the 18th century, and greatly 
improved by the exercise of his skill and judgment. 
Bake well lived at Dishley Grange, Leicestershire, and in 
France the Leicester sheep are still called Dishleys. In 
past times Leicester blood was extensively employed in the 
improvement or establishment of other breeds of sheep. 
Tlie Leicester, as seen now, has a long tapering head, 
projecting horizontally forwards ; rather long, thin ears 
pointing backivards ; a full broad breast ; fine clean legs 
standing well apart ; deep round barrel, with the sides 
d ininishiiig in width towards the rump ; thin, soft skin, 
covered with fine white wool; and the top of the head 
protected by close short wool. The breed is maintained 
pure upon the rich jiastures of Leicestershire, Yorkshire, 
and adjacent counties, but its chief value is for crossing, 
when it is found to promote maturity and to improve the 
fattening projicnsity. 

The Border Leicester originated after the death in 1795 
of Bakowell, when tlie Leicester breed, as it then existed, 
diverged into two branches. The one is represented by 
the breed still known in England as the Leicester. The 
other, bred on the Scottish Borders, acquired the name of 
Border Leicester. The characteristics of the latter are a 
sharp profile, with dark, full nostrils, black muzzle, well- 
sjt ears, and hair on the face and poll pure white ; back 
broad and muscular, belly well covered with wool ; legs 
clean, and a fleece of fairly long white wool. 

The Cotswold is an old-established breed of the Glouces- 
ttTshire hills, extending thence into Oxfordshire. They 
are big, handsome sheep, with hnely-arched necks and 
graceful carriage. With their broad, straight backs, curved 
ribs, and capacious quarters, they carry a great 'weight of 
carcase upon clean, wide-standing legs. The white silky 
fleece of long wavy wool gives the Cotswold an attractive 
appearance, which is enhanced by its stylish topknot or 
forelock. The mutton of the Cotswolds is not of high 
quality, but the sheep are useful for crossing purposes, as 
they impart size. 

The Liruioln breed is descended from the old native 
breed of Lincolnshire, improved by the use of Leicester 
blood. The Lincolns are a hardy, prolific breed, but do 
not quite equal the Cotswolds in size. They have larger, 
bolder heads than the Leicesters. Breeders of Lincoln 
rams like a darkish face, with a few black spots on the 
cars. The legs should be white. The wool W a broad 
staple, and is denser, longer, and the fleece heavier, than 


in the Leicester. In 1898 Mr Henry Dudding, Riby 
Grove, Lincolnshire, obtained at auction the sum of 1 000 
guineas for a Lincoln ram bred by him, this being the 
highest price ever paid for a sheep in the TJnited Kingdom. 
He secu^ the same price again for a ram in 1 900. 

The Kentish or Romney Marsh is a somewhat local 
breed, native to the rich tract of grazing land on the 
south coast of Kent. They are hardy, white-faced sheep, 
with a close-coated longwool fl(x>.ce. 

The Oxford Doivn is a modern breed which owes its 
origin to the cross-breeding of longwool and short wool 
sheep, the former being Cotswolds and the latter Hainji- 
ehire Downs and Southdowns. Although it has inherited 
the forelock from its longwool ancestors, it approximates 
more nearly to the shortwool tyjH', and is accordingly 
classified as such. An Oxiord Down ram has a bold 
masculine head ; a poll well covered with wool, and 
adorned by a topknot ; ears self-coloured, upright, and of 
fair length ; face of uniform dark brown colour ; legs 
short, dark in colour, and free from spots; back level 
and chest wide ; and the fleece hea'vy and thick. The 
breed is popular in Oxford and other midland counties. 

The Soutfulovm was formerly known as the {Sussex 
Down, as it was from the short, close pastures upon the 
chalky soils of the South Downs in Susstix that the breed 
sprang. In jiast times it did for the improvement of the 
shortwool breeds of sheep very much the same kind of 
work that the Leicester performed in the case of the long- 
wool breeds. A pure-bred Southdown sheey» has a small 
head, with a light brown or brownish grey (oftc^n mouse- 
coloured) face, fine bone, and a symmetneal, well-fleshed 
body. The legs are short and neat, the animal lieing of 
small size compared with the other Down sheej). The 
fleece is of fine, close, short wool, and the mutton is 
excellent. 

The Shropshire is descended from the old native shiipp 
of the Salopian hills, improved by the use of Southdown 
blood. Though heavier in fleece and a bulkier animal, 
the Shropshire has resemblance to an enlarged Southdown. 
As distinguished from the latter, however, the Shropshire 
has a darker face, blackish brown as a rule, with very 
neat ears, whilst its head is more massive, and is better 
covered with wool on the top and at thl^ sides. This 
breed has made rapid strides in recent years, and it has 
acquired favour in Scotland and Ireland as well as abroad. 

The Hampshire Down is another breed which owes 
much of its improved character to an infusion of South- 
down blood. Early in the 19th century the old Wiltshire 
horned sheep and the Berkshire Knot roamed over the 
Downs of their native counties. Both these old-fashioned 
types have disappeared, but their descendants are seen in 
the modern Hampshire Down, which originated in a cross 
with the Southdown. Early maturity and great size have 
been the objects aimed at and attained, this breed, more 
perhaps than any other, being identified with early 
maturity. Whilst heavier than the Shropshire, the Hamp- 
shire Down sheep is less symmetrical. The Hampshire 
Doivns have black faces and legs, big heads with Roman 
nose, darkish ears set well back, and a broad level back 
nicely filled in with lean meat. The mutton of the Down 
breeds is of superior quality. 

The Suffolk is another modern breed, which probably 
took its origin in the crossing of improved Southdown 
rams 'with the old horned Norfolk ewes. The character- 
istics of the latter are still retained in the black face and 
legs of the Sufiblk, but the horns have been imy>roved 
away. The fleece is moderately short, the wool being of 
close, fine, lustrous fibre, without any tendency to mat 
together. The limbs, 'a^oolled to the knees and hocks, are 
clean below. In general appearance the Sufiblk is like 
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the Hampshire Down, from which it differs in the rather 
darker face, head less covered with wool, and the nose of 
a less pronounced Roman type. 

The Cheviot takes its name from the range of hills 
extending along the boundary between England and 
Scotland, on both sides of which the breed now extends, 
though its origin has to Ix) sought in Northumberland. 
The Ciicviot is a hardy sheep with straight wool, of 
moderntt* length and very close-set, whilst wiry white hair 
covers the face and h‘gs. 

The Black-faced Mfmntain breed is chiefly reared in 
Scotland, but it is doubtful whether its ongiii is English 
or Scottish. Their greater hardiness, as compared with 
thi' Cheviots, has brought them into favoui upon the 
higher grounds of the north of England and of Scotlsriid, 
where they thrive upon coarse and (ixposed grazing lands. 
Th(* colour of face and legs in this hardy mountain breed 
IS well-defined black and white, the black predominating. 
Till* horns are low at the crown, with a ch‘ar space between 
tlitj roots, and sweep away in a wide curve, sloping slightly 
liaek wards, and quite clear of the cheek. The fashionable 
fleece is deep, hairy, and strong, and of uniform (luality 
throughout. 

The Lonk has its homo amongst the hills of Lancashire 
and Yorkshire, and it is the largest of the mountain 
breeds. It bears most resemblanct* to the Black-faced 
Mountain sheep, but carries a liner, lieavier flec'cc, and is 
larger in head and body. Its face and legs are mottled 
white and black, and its horns are handsome. Tlic tail is 
long and rough. 

The licrdivick is a hardy breed thriving upon the poor 
mountain land in Cumberland and Westmorland. The 
rams sometimes have curved horns. The colour of these 
sheep IS white, with a few darkish spots lieni and there ; 
the laces and Jegs are often spi'ckled. Thv wool is strong, 
coarse, and ojieii, and inclined to be hairy about the neck, 
'rii * forehead has a top-knot, and the tail is broad and 
bushy. 

The Wendeydode takes its name from the Yorkshire 
dale (Yoredale) of which Thirsk is the centre. The 
Wensleydales are longwool sheep, derived from the old 
I’eeswater breed by crossing with Leicester rams. They 
are dark-faced, and the head is broad and Hat, with a tuft 
of wool on the forehead. The skin is blue, fine, and soft, 
whilst the wool lias a briglit lustre, is curled iii all })arts 
of the body, and is of uniform staple. The fort'-legs are 
set well apart, and the hind-legs have a little hue wool 
iHilow the hock. 

The 1 /lnveetom is a breed of which little is heard. It is 
almost restricted to the fells of Westmorlajid, aud is prob- 
ably nearly related to the Black-faced Mountain bret'd. 
The sivcalled “Limestones** of the Derbyshire hiUs are 
really Leicesters. 

The Wdeh Mountxim is a small, active, soft-woolled, 
white-faced breed of liardy character. The legs are oft* *11 
brownish, and t^us colour may extend to the face. Horns 
may or may not be present. The mutton is of excellent 
quality. 

The Clun Foreei is a local breed in West Shropshire ami 
the ac^jacent part of Wales. It is descended from the old 
tau-faced sheep that once occupied the district, aud has been 
much crossed with the Shropshire sheep, but its wool is 
rather coarser than that of tlie latter. Tlie first cross with 
the Shropshire is a favourite with butchers. 

The jtiyeland breed is so named from the Byelands, a 
poor upland district in Herefordshire. It is a very old 
breed, against which the Shropshires have made substantial 
headway. The Byeland sheep are small, hornless, have 
white faces and legs, and remarkably fine short wool, with 
a topknot on the forehead. 


[united 

The Somerset and Dorset Homed is an ofd west-country 
breed of sheep. The £eeoe is of close texture, and the 
wool is intermediate between long and short, whilst the 
head carries a forelock. Both sexes have horns, which are 
very much coiled in the ram. The muzzle, legs, and hoofs 
are white ; the nostrils are pink. This is a hardy breed, 
in size somewhat exceeding the Southdown. Two crops 
of lambs in year are sometimes obtained from the ewes, 
the winter lambs being dropped from October onwards. 

The Devon Longwool is a breed locally developed in the 
valleys of West Somerset, North and East Devon, and 
]>arts of Cornwall. It originated in a strong infusion of 
Leicester blood amongst the old Bampton stock of Devon- 
shire. The Devon Longwool is not unlike the Lincoln, but 
is coarser. It is white-faced, with a lock of wool on the 
forehead. 

The South Devon or South Hams are, like the cattle of 
that name, a strictly local breed, which likewise exemplify 
the good results of crossing with the Leicesters. The 
South Devons have a fairly hue silky fleece of long 
staple. 

The Dartmoor is a hornless, longwool, white-fleeced 
sheep, with a long whitish face like that of the Leicester. 
It is a liardy local Devonshire breed, and is much larger* 
than the Exmoor. 

The Ejcuumr is a horned breed of Devonshire moorland 
sheep, probably of direct descent from the old forest or 
mountain breeds of England. They have white legs and 
faces and black nostrils. The horns curl more closely 
against the head than in the Somerset and Dorset breed. 
The Exmoors are delicately formed about the head ami 
neck, and they have a close, flue fleece of short wool. 
They are very hardy, and yield mutton of choice flavour. 

Th*‘ Roscommon — the one breed of modern sheep native 
to Ireland —is indebted for its good qualities largely to 
the use of Leicester blood. It is a big-bodiod sheep, carry- 
ing a long, wavy, silky fleece. It ranges mainly from 
the middle of Ireland westwards. 

Pigs. 

Tlie classification of the native breeds of pigs compares 
unfavourably with that of either (»ittle or sheep, and in 
many parts of England there are nondescript animals 
which it would be difficult to assign to any of the recog- 
nized breeds. The latter include the Large. White, Middle 
White, and Small White, which were all formerly embraced 
under the general term of Yorkshires, and are still so called 
in other countries. The Berkshire and the so-called Black 
breeds (Suffolk or Essex) are ’black, and the Tamworths 
are red. 

The Large Whites often have a few blue spots in the 
skin. The head is of fair length, light in the jowls, and 
wide between the eyes, with somewliat drooping ears. 
The neck is long, but not coarse, the ribs are deep, the loin 
is wide and level, the tail is set high, aud the legs are 
straight and set well outside the carcase. The whole body 
18 covered with straight silky hair, which denotes quality 
and lean meat. Pigs of this breed are very prolific, and 
they may be grown to enormous weights. 

The Middle Whites are built on a smaller scale than the 
Large Whites, They are shorter in the heads and legs, 
thicker and more compact in the body, aud have a denser 
clothing of silky hair. The sows are quite as prolific as 
those of the Large White breed, and, as their produce 
matures earlier, they are much in demand for breeding 
porkers. 

The Small White pigs arc much smaller than the Middle 
Whites. The head and legs are very short, and the body, 
which is short, thick, and wide, is close to the ground. 
The jowls are heavy, the ears are pricked, and the thin skin 
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is laden with long silky hair, wavy, but not curly, whilst 
the tail is very hue. A dehcieucy of lean meat is a 
common characteristic of the breed. 

The Small Black (Suffolk or Essex) breed resembles 
the Small White, except that the skin is coal-black in 
colour, and the coat of hair is not usually profuse. The 
Small Black, moreover, is rather longer, and stands some- 
what higher, whilst it yields more lean meat than the 
Small White. It matures early and is quick to fatten. 
A closely similar pig to this of the eastern counties of 
England thrives in Dorset, Devon, and Cornwall. 

The Large Bhick breed has only recently received show- 
yard recognition, but it is claimed that there is ample 
evidence tliat, with its characteristic whole colour, length, 
fine hair, lop ear, and great grazing capacity, the Large 
Black existed in many parts of England long previously 
to the memory of any of the present generation of bi-eeders. 
It has been continuously and carefully bred in Cornwall, 
Devon, Essex, Suffolk, and more recently in Yorkshire', 
Somerset, Norfolk, and Hampshire. Large Blacks are 
exceedingly docile, and the natural carriage of the ears, 
wtdl forward over the eyes, is said to contribute materially 
to a quietness of habit which renders them pticuliarly 
adaiited to field grazing. On account of their hardiness 
and disposition to early maturity they have proved valu- 
able for crossing purposes in Cumberland, Y^orkshire, and 
other counties. The Large Black Pig Society was incor- 
porated so recently as 1899. 

The Berkfihire^ though a black pig, usually has a white 
blaze or mark down the face, a white tip to the tail, and 
feet white up to the ankle joint. It has a inoflerately 
abort head with heavy jowls, a deep carcase, wide, low, and 
well-develoiK»d hind-quarters, with heavy hams. The skin 
is free from rucks and liiu's, and carries an abundance of 
fine Jiair. 

The Tarmjoorih is one of the oldest breeds of ])igs. The 
colour 18 red, with darkish spots on the skin. The head, 
body, and legs are long, and the ribs are deep and flat. 
Originally a local breed in the districts around the Staf- 
fordshire town from which it takes its name, it is now much 
more extensively bred, and is valued as a bacon pig. 

The enormous imports of bacon and hams into the 
TTnited Kingdom -amounting in the year 1900 to 
7,443,918 cui;., valued at £15,995,786 — has led to the 
bestowal of greater attention uiioii the bacon-producing 
industry at home. In spite of all foreign comjietitiou, 
Englisli bacon and hams command tlie highest prices, for 
there is something in the English method of feeding and 
curing which is etj[uivalent to an addition of so many 
shillings per cwt. to the price. Much information on this 
subject is contained in the papi'rs ^ by Mr L. M. Douglas, 
which may be consulted for fuller details. 

Breed Bocueties. 

A noteworthy feature of the closing decades of the 19th 
century was the formation of voluntary associations of 
stockbreeders, with the object of promoting the interests 
of the respective breeds of live stock. As a typical example 
of these organizations the Shire Horse Society may be 
mentioned. It was incorporated in 1878 to improve and 
promote the breeding of the Shire or old EnglieJi race of 
cart hor^s, and to effect the distribution of sound and 
healthy sires throughout the country. Up to the year 1901 
inclusive the society had held twenty-two annual shows 
in London, and had distributed prizes of an aggregate 
value of nearly £19,000, besides offering gold and silver 
medals for competition amongst Shire horses at agricul- 

^ ** Bacon Curing,** ./aur. Rvy. Agric, Soc,^ 1898 ; and **Tbe 
•Construction of a Modem Bacon Factory,** lUd, 1900. 


195 

tural shows in different parts of the country. Twenty-two 
annual volumes of the Shire Horse Stvd Book had l>eeu 
published, recording the pedigrees of 19,275 stallions and 
34,578 mares, or a total of 53,853 animals. In 1901 the 
society possessed more than 3000 meml)ers, paying an 
annual subscription of one guinea, or a life composition of 
tell guineas. It is out of the funds thus obtained that the 
society has carried on a work of high national imi»ortance, 
and has effected a marked improvement in th(‘ ehaiacti r 
and quality of the Shire horse. What has thus voluntarily 
lK*en dune in England would in most other countries lie 
left to the state, or would not Ihj attempted at all. It is 
hardly necessary to say that the Bhire Horse Society has 
iK'vc'r received a jieiiny of public money, nor has any 
other of the voluntary breeders* societies. The Hackney 
Horse Society and the Hunters’ Improvement Society are 
conducted on much the same lines as the Shire Horse 
Society, and, like it, they each hold a show in Ijondon in 
the spring of the year and jmblish an annual volume. 
Other horse-breeders’ associations, all doing useful work 
in the interests of their respective breeds, are the Suffolk 
Horse Society, the Clydesciale Horse Society, the Yorkshire 
Coach Horse Society, the Cleveland Bay H ise Society, 
the Polo Pony Society, the Shetland Pony Stud Briok 
Society, and the Association for the Improvement of New 
Forest Ponies. Thoroughbred race-horses are registered 
in the General Stud Book. Tht' Royal Commission on 
Horse Breeding, which dates from 1887, is, as its name 
iiujilies, not a voluntary organization. Through the 
commission the money previously spent upon Queen’s 
I’lates IS offcTed in the form of “ Queen’s Primiiurns ’ 
(“King’s Premiums” in 1901 and subsequent years) ol 
£150 each for thoroughbred stallions, on condition that 
! each stallion winning a premium shall serve not less than 
! fifty half-bred marcs, if required. The winning stallions 
are distributed in districts throughout Great Britain, and 
the use of these selected sires has resulU'd in a decided 
improvement in the qiuility of half-bred horse^s. The 
annual show of the Royal Commission on Horse Breeding 
is held in London jointly and concurrently with those of 
the Hunters’ Improvement Society and the Polo Pony 
Society. At the 1901 show^ 29 premiums of £150 were 
offered for thoroughbred stallions over 4 years old and not 
exceeding 20 years. 

Of organizations of cattle-brei'ders the English Jersey 
Cattle Society, established in 1878, may Ik* taken as an 
illustrative type. It offers j»rizes in butter-test competi- 
tions and milking trials at various agricultural shows, and 
publishes the English herd Book and Register of Fare- 
bred Jersey Cattle^ of which the tenth volume was issued 
in 1899. This volume records the births m the herds of 
members of the society, and gives the pedigrees of 1178 
cows and 337 bulls, besides furnishing lists of prize- 
winners at the principal shows and butter-test awards, 
and rcjiorts of sales by auction of Ji*rsey cattle. Other 
cattle societies, all w^ell caring for the interests of their 
respective breeds, anj the Shorthorn Society of Great 
Britain and Ireland, the Lincolnshire Red Shorthorn 
Association, the Hereford Herd Book Society, the Here- 
ford Cattle Breeders' Association (the two last-named are 
now amalgamated), the Devon Cattle Breeders’ Society, 
the South Devon Herd Book Society, the Sussex Henl 
Book SocLcy, the Longhorned Cattle Society, the Red 
Polled Society, the English Guernsey Cattle Society, the 
English Kerry and Dexter Cattle Socu‘ty, the North 
Wales Black Cattle Society, the Polled Cattle Society (for 
the Aberdecn-Angus breed), the English Aberdeen-Angus 
Cattle Association, the Galloway Cattle Society, the 
Ayrshire Cattle Herd Book Society, and the Highland 
Cattle Society of Scotland. 
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In the case of sheep the National Sheep Breeders* 
Association looks after the interests of flockmasters in 
general, whilst most of the pure breeds are represented 
also by separate organizations. The Hampshire Down 
Sheep Breeders’ Association may be taken as a tyjM) of 
the latter, its principal object being to encourage the 
breeding of Hampshire Down sheep at hornet and abroad, 
and to maintain the purity of the breed. It publishes an 
annual FJock Book, the first volume of which appeared in 
1890. In this book are named the recognized and pure- 
bred sires which have been us^^d, and ewes which have 
been bred from, whilst there are ^so registered the pedi- 
grees of such sheep as are proved to be eligible for entry. 
Frizes are offered by the society at various agricultural 
shows where Hampshire Down sheej) are exhibited. Other 
slieep societies include the Leicester Sheep Breeders’ 
Association, the Cotswold Sheep Society, the Lincoln 
Jjongwool Sheep Breeders’ Association, the Oxford Down 
Sheej) Breeders’ Association, the Shrojishire Shei*-p Breeders* 
Association and Flock Book Society, the Southdown Sheep 
Society, the Suffolk Sheep Society, th(‘ Border ]j-‘icestep 
Slieej) Breeders’ Society, the Wensleydale Long wool Shoejj 
Breeders’ Association and Flock Book Society, the Incor- 
l)orated Wensleydale Blue-faced Sheep Breeders’ Associa- 
i on and Flock Book Society, tin* Kent Sheej) Breeders* 
Association, the Devon Long wool Slieej) Breeders’ Society, 
the Dors.'t Horn Sheej) Breedo^^’ Association, the Cheviot 
Sheep Society, and the Roscommon Sheej) Breeders’ Asso- 
ciation. 

The interests of j)ig bre(‘ders are the care of the National 
Pig Breeders’ Association, in addition to which there exist 
the British Berkshire Society and the I^aige Black Pig 
Society. 

TJie addresses of the secretaries of the various live-stock 
societies in the IlnitiHl Kingdom are jiubhshed annually 
in the Lim Stock Journal Alimnar. 

Thk Maintenanck of the Health of Live Stock. 

It was not till the closing decade of the 19th century 
tliat the stock-breeders of the ITnited Kingdom found 
themselves in a j)osition to jirosi'cute their industry free 
from the fear of the introduction of contagious diseiise 
through the nif'diuin of store animals imported from abroad 
for fattening on tlu' nativi* jiastures. By the Diseases of 
Animals Act, 1896 (59 & 60 Viet. c. 15), it was provided 
that cattle, sheej), and j)igs imjiorted into the United 
Kingdom should be slaughtered at the jilace of lauding. 
The effect was to reduce to a mmumim the risk of tlu? 
introduction of disi^^ist^ amongst the herds and flocks of 
the country, and at the same time to confine the trade in 
store stock exclusively to the breeders of Great Britain 
and Ireland. This arrangenrmt makers no difference to 
the food-suj)j)ly of the peojde, for dead meat continues to 
arrive at British jiorts in ever-increasing quantity. Mon‘- 
over, live animals are admitted freely from certain 
countries, jirovided such animals are slaughtered at the 
place of lauding. At Dejitford, for exami)le, large 
numbers of cattle and sheej) which thus arrive — mainly 
from Argentina, Canada, and the United States — are at 
once slaughtered, and so furnish a steady supjily of fresh- 
killed beef and mutton. The animals which are shipjied 
in this way are necessarily of the best quality, bei^use the 
freight on a superior beast is no more costly than on an 
inferior one, and tJie proportion of frtiight to sale price is 
therefore less. With this superior description of butchers’ 
stock all classes of home-grown stock —good, bad, and 
indifferent — have, of course, to comjiete. The Board of 
Agriculture has the power to close the j)orts of the United 
Kingdom against live animals from any country in which 
contagious disease is known to exist. This accounts for 
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the circumstance that so few countries — ^none of them in 
Europe — e^joy the privilege of sending live animals to 
British ports. So recently as 1900, the discovery early in 
that year of the existence of foot-and-mouth disease 
amongst cattle and sheep shipped from Argentina to the 
United Kingdom led to the issue of an order, by which 
all British ports were closed against live animals from the 
country named. This order came into force on 30th 
Ajiril, and was still in operation a year later, with the 
result that there was a marked decline in the shipments of 
live cattle and sheep from the River Plate, but a decided 
increase in the quantity of frozen meat semt thence to the 
United Kingdom. 

The last quarter of the 19th century witnessed an 
imjx)rtant change in the attitude of public opinion towards 
legislative control over the contagious diseases of animals. 
When, after the introduction of cattle plague or rinderjiest 
in 1865, the jiroposal was made to resort to the extreme 
remedy of slaughter in order to check the ravages of a 
disease which was jmrsuing its course with ruinous results, 
the idea was received with public indignation and de- 
nounced as barbarous. Views have undergone profound 
modification since then, and the most drastic remedy has 
come to be regarded as the most effective, and in the long 
run the least costly. Thii Cattle Diseases Prevention Act, 
1866 (29 30 Vict. c. 2), made comjmlsory the 

slaughter of diseased cattle, and jXTmitted the slaughter 
of cattle which had been exjiosed to infection, coinjiensa- 
tion being' jirovided out of the rates. The Act 30 <k 31 
Vict. c. 125, 1867, is of historical interest, in that it 
contains the first mention of jdeuro-pneuinonia, and the 
exj)()8ure in any market of cattle suffering from that dis- 
ease was made an offence. The Contagious Diseases 
(Animals) Act, 1869 (32 & 33 Vict, c. 70), revoked 
all former Acts, and defined disease to mean cattle 
j)lague, jilouro i)neunionia, foot-and-mouth disease, sheep- 
j)ox, shoej)-scaib, and glanders, together with any disease 
which the Privy Council might by order sjiecify. Tho 
j)iiucijjle of this Act in regard to foreign animals was 
tliat of free imjxirtation, with j>ower for the Privy Council 
to jirohibit or subject to quarantine and slaughter, as cir- 
cumstances seemed to r(^quir(^ The Act of 1869 was at 
that time tlie, most complete measure tliat had ever been 
j)assed for dealing witli diseases of animals. The re-intro- 
duction of cattl(» Jilague into England in 1877 led to the 
jiassing of the Act 41 & 42 Vict. c. 7d, 1878, which 
rejiealed the Act of 1869, and aftinniHl as a jinnciple tho 
lauding of foreign animals for slaughter only, though free 
imjiortatioi) or (juarautiue on the one hand and jirohibition 
on the other were provided for in excejitional circum- 
stances. By an Order of Council which came into ojiera- 
tion in December 1878, swine fever was declared to be a 
disease for the jmrposes of the Act of that year. It was 
not, however, till October 1886 that anthrax and rabies 
were officially declared to be contagious diseases for tlie 
jiurposes of ciTtain sections of the Act of 1878, In 1884 
the Act 47 & 48 Vict. c. 13 emjiowered the Privy (buncil 
to prohibit the landing of animals from any country In 
respect of which the circumstances were not such as to 
afford reasonable security against the introduction of foot- 
and-mouth disease. After one or two other measures of 
minor imjiortanco came the Act 53 54 Vict. c. 14, 

known as the Pleuro-pneumonia Act of 1890, which trans- 
ferred the pfiwers of local authorities to slaughter and i>ay 
comjiensation in cases of pleuro-pneumonia to the Board 
of Agriculture^ and jirovided further for the jiaymont of 
such comj)i*nsation out of money specifically voted by Par- 
liament. This measure was regarded at the time as a 
marked step in advance, and was only carried after a 
vigorous campaign in its favour. In 1892, by the Act 
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55 k 56 Viet. c. 47, power was given to the Board of 
Agriculture to use the sums voted ou account of pleuro- 
pneumonia for paying the costs involved in dealing with 
foot-and-mouth disease ; under this Act the Board could 
order the slaughter of diseased animals and of animals 
in contact with these, and could pay compensation for 
animals so slaughtered. Under the provisions of the 
Contagious Diseases (Animals) Act, 1893 (56 k 57 Viet, 
c. 43) swine fever in Great Britain was, from 1st Novemljcr 
in that year, dealt with by the Board of Agriculture in 
the same way as pleuro- pneumonia, the slaughter of 
infected swine being carried out under directions from the 
central authority, and comiKsnsation allowed from the 
imperial exchequer. In 1894 was passed the Diseases of 
Animals Act (57 k 58 Viet. c. 57), the word “ contagious ” 
being omitted from the title. This was a measure to con- 
solidate the Contagious Diseases (Animals) Acts, 1878 to 
1893. In it the expression * disease ’ means cattle plague 
(that is to say, rinderpest, or the disease commonly called 
cattle plague), contagious pleuro-pneumonia of cattle (in 
this Act called pleuro-pneumonia), foot-and-mouth disease, 
sheep-pox, sheep-scab, or swine fever (that is to say, the 
disease known as tjrphoid fever of swine, soldier purples, 
red disease, hog cholera or swine plague).” The Diseases 
of Animals Act, 1896 (59 k 60 Viet. c. 15) — the last of 
the series of such Acts passed in the 19th century — 
rendered compulsory the slaughter of imported live stock 
at the place of landing, a boon for which British stock- 
breeders had striven for many years. The ports in Great 
Britain at which foreign animals may be landed are 
Bristol, Cardiff, Glasgow, Hull, Liverjiool, London, Man- 
clK'ster, and Newcaistle- upon -Tyne. Animals from the 
Channel Islands may be landed at Southampton. 

The Diseases op Animals. 

Under the Diseases of Animals Acts, 1894 and 1896, 
weekly riiturns are issued by the Board of Agriculture of 
outbreaks of anthrax, foot-and-mouth disease, glanders (in- 
cluding farcy), pleuro-pneumonia, rabies, and swine fever in 
the counties of Great Britain ; also monthly returns of 
outbreaks of sheep-scab. There is a popular notion that 
tuberculosis is included amongst the diseases scheduled 
under the Diseases of Animals Acts, but this is not (1901) 
the case. 

Cattle plague, or rinderpest, has not been recorded in 
Great Britain since 1877. In that year there were 47 
outbreaks distributed over five counties, and involving 263 
head of cattle. 

The course of foot-arulrmouth disease in Great Britain 
between 1877 and 1900 inclusive is told in Table XXIL, 

Table XXII. — Outbreaks of Foo1-and-M(mth Disease in 
Great JJritain, 1877 to 1900. 

I I Ainnials iittackud. 

Year. CuuutiuM Outbreuke i j ^ . 

_ I I Ammta 

1877 55 868 6,640 7,405 2,099 

1878 45 235 912 8,609 245 

1879 I 29 187 261 15,681 5 

1880 I 38 1,461 20,918 9,572 1,886 2 

1881 1 49 4,833 59,484 117,152 8,330 80 

1882 49 1,970 28,978 11,412 2,564 1 

1883 75 18,732 219,289 217,492 24,382 32 

1884 65 949 12,186 14,174 1,860 1 

1885 10 30 354 34 30 

1886 1 1 JO 

1892 15 95 1,248 8,412 107 

1898 2 2 80 

1894 8 3 7 261 

1900 9 21 214 50 

from which the years 1887 to 1891 and 1895 to 1899, 


both inclusive, are omitted, because there was no outbreak 
during those periods. The disease is seen to have attained 
its maxifivum virulence in 1883. 

Sheep-scab, a loathsome skin disease due to an acariaii 
parasite, is in a most unsatisfactory position in Great 
Britain. Table XXIII. shows the number of outbreaks, 


Table XXIII . — Outbreaks of Sheep-Scab in Great 
Britam, 1877 to 1900. 


Year. 

Counties. 

Outbreaks. 

Year 

CkiuntioH. 

Outbreaks 

J877 

77 

3214 

1889 

75 

1207 

1878 

75 

2335 

1890 

75 

1506 

1879 

83 

2229 

1891 

80 

2250 

1880 

70 

1556 

1892 

82 

2821 

1881 

77 

2055 

1898 

86 

2603 

1882 

78 

2234 

1894 

84 

2811 

1883 

73 

1898 

1895 

88 

3092 

1884 

73 

1.509 

1896 

79 

3536 

188.5 

69 

1512 

1897 

80 

2191 

1886 

74 

1.502 

1898 

79 

2514 

1887 

75 

1.596 

1899 

79 

2056 

1888 

72 

1260 

1900 

78 

1939 


and the number of counties over winch they were distri- 
buted, in each year from 1877 to 1900. The outbreaks 
are seen to have been more numerous in the decade of th(.^ 
*nineti('8 tlian in that of the ^eighties, though jiossibly this 
may have been due to greater official activity m the later 
period. The number of sheep attacked each year has 
ranged between 68,715 in 1877 and 18,762 in 1888. It 
IS compulsory ou owners to notify the authorities as to the 
existence of scab amongst their sheep, but there is no 
general or well-defined method of suppressing the disorder, 
and the periodical dipping of sheep for the destruction of 
the scab parasite is not obligatory. Each year the 
disorder runs a similar course, tluj outbreaks dwindling to 
a minimum in the summer months, June to August, and 
attaining a maximum in the winter months, December to 
February. It is chiefly in the “ flying ” flocks and not in 
the breeding flocks that the disease is rife, and it is so easily 
communicable that a drove of scab-infested sheep passing 
along a road may leave Ix^hind them traces sufficient to st^t 
up the disorder in a drove of healthy sheep that may 
follow. For its size and in relation to its sheep popula- 
tion, Wales harbours the disease to a far greater extent 
than the other divisions of Great Britain, as the follow- 
ing numbers of outbreaks in the thri»e yeai's 1898 to 1900 
serve to show : — 


Year 

Ell land. 

Walfh 

Scotland 

Groat Britain. 

1898 

1342 

1038 

135 

2515 

1899 

1123 

791 

142 , 

2056 

1900 

932 

917 

90 

1939 

Total, 3 years . 

3397 

2746 

367 ; 

6510 

Per cent. 

52 1 

! 

6 

100 


The fatal disease kn(»wn as anthrajc did not form 
the subject of official returns previous to the passing of 
the Anthrax Order of 1886. Isolated outbreaks are of 
common occurrence, and from the totals for Great Britain 
given in Table XXIV. it would apjiear that there is 
little prospect of the eradication of this bacterial dis- 
order. 

Glanders (including farcy) has bt'eii the subject, during 
the twenty-four ;years 1877 to 1900, of outbreaks in^ Great 
Britain ranging between a minimum of 518 in 18/7 and 
a nvaximum of 1657 in 1892; in the former year 758 
horses were attacked, and in the latter 3001. A 
recrudescence of the disease marked the closing years of 
the 19th century, the outbreaks having been 748 m 1898, 
853 in 1899, and 1119 in 1900. The counties of Great 
Britain over which the annual outbreaks have been 
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distributed have ranged between 24 in 1890 and 52 in 
1879. As a matter of fact, however, the disease is 

Table XXIV. — Ontbreah of Anthrax in Great Britain^ 
1887 to 1900. 


Tiiar. 1 

CuuntioH. 

OiitbrcakH 

Cattle 

Animalf) attacked 

Sheep. 1 Swine. 

Iloraes 

1887 i 

51 

2!l« 

415 

37 

184 


1888 1 

49 

180 

280 

45 

76 


]88»' 

45 

367 

236 

4 

09 


1890 , 

48 

152 

2.';3 

72 

210 


1891 

50 

220 

300 

15 

156 


1892 

00 

289 

445 

11 

190 


1893* 

08 

503 

838 

108 

313 

46 

1894 ' 

04 

494 

025 

125 

188 

62 

189,'J 

00 

434 

004 

158 

110 

32 

1896 

04 

488 

032 

34 

200 

38 

1897 

07 

433 

521 

39 

284 

88 

1898 

73 

5.10 

034 

22 

161 

89 

1899 

07 

534 

034 

69 

1 253 

80 

lOOO 

71 

.571 

668 

40 

204 

44 


strongly centrc'd ujk) 1 i the m(*tro]>olitan area, more than 
iialf of the outbreaks being reported from tiie county of 
London alone. 

^J'he liabies Ortler was passed in 1886, and the num- 
ber of counties in Gr(*at Britain in whicli crises of rabies 
in dogs liave been reported in each subsequent year is 
shown ill Table XXV. In addition there have been 
some cases of rabies in animals other than dogs. The 
disease was V{»ry rife in 1895, but the extensive* applica- 
tion of the muzzling restrictions of the Board of Agri- 
culture was accompanied by so steady a diminution in the 

Table XXV. --Cases of Rabies in Dogs in Great Britain^ 
i887 to 1900, 


i Vmr 

('ountiea 

CnsfN. 

Y«ai. 

Count if*H 

' CUhOH. 

1 

j 

i 3887 

28 

217 

1891 

17 

; 218 

, 1888 1 

19 

160 

1895 

29 

! 072 

1889 , 

20 

312 

1890 

41 

1 438 

1 1890 

20 

129 

1897 

30 

1 151 

1 1891 

17 

79 

1898 

10 

17 

1 892 

12 

88 

1899 

4 

1 9 

1893 

18 

93 

1900 

2 

i_ 


jirevalence of the disease that it was thought the latter 
liad be(*n extiriiated. The (mtire revocation of the 
muzzling order which accordingly followed proved, how* 
ever, to bi* pri'inatiire, and it became* necessary to reimjMise 
it in the districts when* it had last been ojierative, 
namely, ci*rtain parts of South Wales. 

Pleuro-joifutmmia in Great Britain was dealt with by 
the local authorities up to the year 1890. Between 1870 
and 1889 the iinnual outbreaks had ranged between a 
mininmin of 312 in 1884 and a maximum of 3262 in 
1874, the largest number of cattle attacked in any oni* 
year being 7983 in 1872. The largest number of counties 
over which the outbreaks were distributed was 72 in 
1873. On 1st S»*ptemb('r 1890, the Board of Agriculture 
assumed pow(*r8 with respect to iileuro-pncuinonia under 
the Diseases of Animals Act of tliat year. Their adminis- 
tration was attended by success, for from 192 outbreaks 
in Great Britain in 1891 llie total fell to 35 in 1892, and 
to nine in 1893. In the four subsequt'iit years, 1893 to 
1897, the outbreaks numbi'red two, one, two, and seven 
respectively. In January 1898 an outbreak was dis- 
covered in a London cow-shed. This jirovt'd to Ikj the 
last cose in the 19th century of what at one time had 
been a veritable scourge to cattle-owners, and a source of 
heavy financial loss. 

^ In 1880 the animals attacked included 461 doer. 

^ Before 1898, horses, asses, and mules were not included in the 
word ** animals" in the Orders relating to anthrax. 
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The record of s/wine fever in Great Britain is discouraging. 
Between 1879 and 1892 inclusive, the administration was 
entrusted to local authorities. The largest number of 
outbreaks reported in any one of those years was 7926 in 
1885, and the smallest 1717 in 1881. In 1893 the Board 
of Agriculture took over the management, and Table 
XXVI. shows the number of counties in which swine fever 


Table XXVI . — Outbreaks of Swine Fever in Great Britain, 
1894 to 1900. 


Year. 

Counties. 

Outbreaks 

coDUnned. 

Swine Slaiif^hiiored as Diseased, 
or as huviiiK been Exposed to 
Infection. 

1894 

73 

5682 

56,296 

1895 

73 

6305 

69,931 

1896 

77 

5166 

79,586 

1897 

74 

21.55 

40,432 

: 1898 

72 

2514 

48,766 

1899 

71 1 

1 2822 

30,797 

1900 

62 

1 1940 

17,988 


existed, the number of outbreaks confirmed, and the 
numl)er of swine slaughtered by order of the Board in each 
year since. The trouble with this diseasii is mainly in 
England, the outbreaks in Wales and Scotland being 
comparatively few. What are termed “Swine-fevcr in- 
fected areas ” are sidieduled by the Board when and where 
circumstances seem to require, and the movement of swine 
within such areas is prohibited, much inconvenience to 
trade resulting from restrictions of this kind. Frequently, 
moreover, the exhibition of pigs at agricultural shows has 
to be abandoned in consequence of these swine -fever 
regulations. 

The Tkade in Live Stock between Ibeland and 
Gkeat Bbitain. 

The compulsory slaughter at the place of landing does 
not extend to animals shipped from Ireland into Great 
Britain, and this is a matter of the highest importance to 
Irish stockbreeders, who find their best market close at 
hand on th(* east of St George’s Channel. Table XXVII. 

Table XX VII , — Imports of Live Stock from Ireland into 
Great Britain, 1891 to 1900. 


Year. 

Cattle. 

Sheep. 

l’lK« 

Horses. 

1891 

630,802 

893,175 

503,584 

33,396 

1892 

624,457 

1,080,202 

.500,951 

32,481 

1893 

688,669 

1,107,960 

456,571 

30,390 

1894 

826,954 

957,101 

584,967 

83,589 

1895 

793,607 

652,578 

547,220 

34,. 560 

1896 

683,560 

737,306 

010,589 

39,856 

1897 

746,032 

804,515 

696,307 

38,422 

1898 

806,362 

833,468 

.588,786 

88,804 

1899 

772,272 

871,953 

688,553 

42,087 

1900 

745,519 

862,263 

716,202 

35,606 


shows the nuinliers of cattle, sheep, and pigs shipix^d from 
Ireland into Great Britain in each of the ten years 1891 
to 1900, thc5 numbers of horses similarly shipped being 
also indicated. On the average rather more than half 
the total of cattle is made up of store animals for fattening 
or breeding purposes, the fatbming of Irish stores being a 
business of considerable magnitude in Norfolk and other 
counties. Calves constitute about one -twelfth of the 
total number of cattle. Most of the pigs sent from Ireland 
into Great Britain are fat, thei store pigs accounting for 
less than one-tenth of the total number. The returns 
from Ireland under the Diseasi^s of Animals Acts, 1894 
and 1896, are less significant than those of Great Britain 
Thus, in 19()(^ they included 2 outbreaks of anthrax, 
10 of glanders, 233 of swine fever, and 545 of slieeji-scab, 
together with 15 cases of rabies. Comparijd with the 
export trade in live stock from Ireland to Great Britain 
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the reciprocal trade from Great Britain to Ireland is small, 
and is largely restricted to animals for breeding purposes. 
Owing to the reappearance of foot-and-mouth disease in 
Great Britain early in 1900 the importation of cattle, sheep, 
goats, and swine therefrom into Ireland was temporarily 
suspended by the authorities in the latter country. 

Exports of Animals from the United Kingdom. 

The general export trade of the United Kingdom in 
living animals represents an aggregate average annual 
value, over the five years 1896 to 1900, of £1,017,000. 
To this sum of rather more than one million sterling 
the value of horses alone contributes three-fourths, Belgium 
taking more than half the number of exported horses. 
The export trade in cattle, sheep, and pigs is practically 
restricted to pedigree animals required for breeding pur- 
poses, and though its aggregate value is not large it is of 
considerable importance to stockbreeders, as it is a frequent 
occurrence for buyers for export-- to Argentina, Australasia, 
Canada, the United States, and elsewhere — to bid freely at 
the sale rings, and often to pay the highest prices, thus 
stimulating the sales and encouraging the breeding of 
the best types of native stock. Details for the five yciars 
1896 to 1900 are summarised in Table XXVIII. 


Table XXVIII . — Quantities ami Values of llorm-hred Live 
Stock expeyrted from the United Kmgdom^ 1896 to 1900. 


Vrar 

lIorsoK. ' 

' 

Caitln. 


PlKH. 

Otlioi 

AniinalH 


N«» 

No. 

No. 

No 

No 

1896 

29,414 1 

4,369 

9,612 

869 

31,1.61 

1897 

31,471 

3,776 

11,669 

214 

42,664 

1898 

30,412 1 

2,861 

10,224 

484 

67,376 

1899 

83,701 1 

2,979 

7,686 

988 

66,381 

1900 

80,646 1 

2,784 

6,044 

440 

73,692 


£ 

£ 

£ 

£ 

£ 

1896 

671,332 

122,004 1 

107,607 

2847 

38,123 

1897 

826,246 , 

119,648 

141,714 

1700 

43,741 

1898 

812,106 1 

94,414 

120,810 

3231 

43,923 

1899 

767,079 , 

118,291 ! 

78,108 

6281 

43,723 

1900 

680,943 

120,042 i 

64,799 

3062 

46,100 


Crops and Cropping. 

The greater freedom of cropping and the less close 
adherence to the formal system of rotation of crops, which 
cliaracterizt?d the later years of the 19th century, rest upon 
a scientific basis. Ex|)eriniental in(]uiry has done much to 
enlighten the farmer as to the requirements of plantdifi', 
and to enable him to 8('e how l»est to meet these require- 
ments in the case of field crops. He cannot afford to 
ignore the results that have been gradually accumulated — 
the truths that have bt^en slowly established at the agri- 
cultural experiment stations in various parts of the world. 
Of these stations the greatest, and the oldest now existing, 
is tliat at Kotliamsteti, Harjjendeu, Herts, England j and 
Rotbam* ^ expedient before discussing the lessons 

mted. * which Rotliamsted has taught, to refijr briefly to 
the origin and scope of the work of a centre of 
investigation the name of which is known and honoured 
in all countries where progressive agriculture is practised. 
The agricultural experiment station at Kotliamsted was 
founded in 1843 by the late Sir John Bennet Lawes, and 
maintained at his own exjiense ; whilst he made jirovision 
for its continuance by jmtting in trust during his lifetime 
£100,000, the laboratories, and certain areas of land, 
wliich since 1889 liave been administered by tho Lawes 
Agricultural Trust Committee. -Sir J, Henry Gilbert 
became associated with Sir John Lawes in 1843 as director 
of the chemical laboratory, and the collaboration thus com- 
menced was terminated only by the death of the founder 
on 31st August 1900. The results of more than half a 
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century of sustained experimental inquiry have been com- 
municated to the world by Lawes and Gilbert in about 
130 separate papers or reports, many of which were pub- 
lished, from 1847 onwards, in the Journal of the Royal 
Agriy^tural Society of Engiamd, 

Two main lines of inquiry have Injen followed, the onc' 
relating to plants, the other to animals. In the case of 
plants the method of procedure has been to grow some of 
the most imiK)rtant crojia of rotation, each Rc*parat(>]y year 
after year, for many years in succt^ssion on tho same land, 
(a) without manure, (i) with farmyard manure, and (r) 
with a great varic‘ty of chemical manures; the same 
description of manure being, as a rule, applied year after 
year on the same plot. Exj»erimentH on an actual course 
of rotation, without manure, and with diflerent manures, 
have also been made. Wheat, barley, oats, beans, clover, 
and other leguminous plants, turnips, sugar beet, mangels, 
potatoes, and grass crops have thus been cxperimont(*ci 
ufion. Incidentally there have licen (‘x tensive sampling 
and analysing of soils, investigations into rainfall ainl the 
composition of drainage waters, inquiries into tlie amount 
of water transpired by plants, and experiments on the 
assimilation of frcni nitrogen. 

Amongst the field exiicriments there is, perhaps, not one 
of more universal interest than tliat in which wheat has 
b(»en grown for fifty-seven years in succession, (a) without 
manure, (/>) with farmyard manure, and (f) with various 
artificial manures. The results show that, unlike legumin 
ous croj)8 such as iK'ans or clover, wheat may be success- 
fully grown for many years in succ*e8sion on ordinary 
arable land, provided suitable manures Ixj applied, and the 
land be kept clean. Even without manure, the aver- 
age produce over forty -six years, 1852-97, was nearly 
thirteen bushels per acre, or more than the average yield 
of the whole of the United States of America, including 
their rich prairie lands — in fact, about the average yield 
per acre of the wheat lands of the wholt» W’orld. Mineral 
manures alone give very little increase, nitrogenous manures 
alone considerably more than mineral manures alone, but 
the mixture of the two considerably mon' than either 
sejiarately. In one case', indeed, the average produce by 
mixed mineral and nitrogenous manure was more than that 
by the annual application of farmyard manure ; and in 
seven out of the ten cases in which such mixtures vvere 
used the average yield per acre was from over two to over 
eight bushels more than the average yield of tin* ITnited 
Kingdom (assuming this to be about twenty-eight bushels 
of 60 lb ixT bushel) under ordinary rotation. It is 
estimated that the reduction in yield of the unnianurcd 
plot over the forty years, 1852-91, after thi* growth of the 
crops without manure during the eight preceding yt*ars, 
was, provided it hod Ixjen uniform throughout, equnalent 
to a decline of one-sixth of a bushel from year to year due 
to exhaustion — that is, irresjiectively of fluctuations due to 
season. It is related that a visitor from the United 
States, talking to Sir John Lawes, said, “Americans have 
learnt more from this field than from any other agricul- 
tural experiment in the world.” 

Another field experiment of singular interest is that 
relating to the mixed herbage of iK*rmanent meadow^, for 
which seven acres of old grass land w\*re set ajmrt in 
liothamsted Park in 1856. Of tin* twvnty j»lots into 
which this land is divided, two have been left without 
manure irom the commencement, tw'o received ordinary 
farmyard manure for a series of years, whilst the remainder 
have each receivi*d a different description of artificial or 
chemical manure, the same Ixfing, excejit in sy>ecial cases, 
applied year aftt*r year on the same plot. No one can 
inspect this field during the growing season without being 
impressed by the striking evidence it affords of the influence 
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of different manurial dressings. So much, indeed, does the 
character of the herbage vary from plot to plot that the 
effect may fairly be descrilxid as kaleidoscopic. Repeated 
analyses have shown how greatly both the botanical 
constitution and the chemical composition of the mixed 
herbage vary according to the? denser iption of manure 
appli(;d. They have furtlier shown how dominant is the 
influence of season. Such, moreover, is the influence of 
different manures that the gross produce of the mixed 
herbage is totally different on the respective plots accord- 
ing to the mamiro emjiloyed, both as to the i>roportion 
of the various species composing it, and as to their con- 
dition of development and maturity. 

The exjKTimeiits with farm animals began in 1847, and 
amongst the points that have been investigated are tlie 
following: — (1) The amount of food, and of its several 
constituents, consumed (a) in relation to a given live weiglit 
of animal within a given time, (6) to produce a given 
amount of increase in live weight. (2) The proportion and 
relative development of the different organs, or parts, of 
different animals. (3) The proximate and ultimate com- 
position of the animals in different conditions as to age and 
fatness, and the probable composition of their increase in 
live weight during the fattening process. (4) The com- 
position of the solid and liquid excreta (the manure) in 
relation to that of the food consumed. (5) The loss or 
expenditure of constituents by respiration and the cutane- 
ous exhalations — that is, in the mere sustenance of the 
living meat-and-manure-making machine. (6) The yield 
of milk in relation to the food consumed to produce it ; 
and the influence of difiereiit descriptions of food on the 
quantity and on the composition of the milk. 

Incidentally, the results obtained from these inquiries 
have furnished data essential to the consideration of such 
problems as (a) the sources in the food of the fat produced 
in the animal body ; (4) the characteristic demands of the 
animal body — for nitrogenous or non-mtrogenous constitu- 
ents of food — in the exorcise of muscular power ; (c) the 
comparative characters of animal and vegetable food in 
human dietaries. 

In jiroc^eding to discuss the various classes of crops, it 
will be convenient to deal with them under the three 
sejiarate heads of root-crops, (Xireai crops, and leguminous 
crops, and tliim to inquire into their inter-relations when 
grown in rotation. 

Root-Crop8, — Extieriments upon root-crops — chiefly 
white turnips, Swedish turnips (swedes), and mangels 
— have result(*d in the establishment of the following 
conclusions. Both the quantity and the quality of the 
product', and consequently its feeding value, must depend 
greatly upon the selection of the best description of 
roots to be grown, and on the character and the amount 
of thi' manures, and especially on the amount of nitro- 
genous manure I'in ployed. At the same time, no hard 
and fast rules can be laid down concerning these points. 
Indtipendently of the necessary consideration of the general 
economy of tlui farm, the choice must lie influenced partly 
by the character of tlu' soil, but very much more by that 
of the climate. Judgment founded on knowledge and 
aided by careful observation, Ixith in the field and in the 
feeding-shed, must bo relied upon as the guide of the 
practical farmer. Over and above the great advantage 
arising from the opportunity which the growth of root- 
cro]js affords for, the cleaning of the land, the benefits of 
growing the root-crop in rotation are due (1) to the large 
amount of manure' applied for its growth, (2) to the large 
residue of the manure left in the soil for future crops, (3) 
to the large amount of matter at once returned as manure 
again in the leaves, (4) to the large amount of food pro- 
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duced, and (5) to the small proportion of the most import- 
ant manurial constituents of the roots which is retained 
by store or fattening animals consuming them, the rest 
returning as manure again ; though, when roots are con- 
sumed for the production of milk, a much larger propor- 
tion of the constituents is lost to the manure. 

Cereal Crops — Barley amd Wheat — Experiments upon 
the growth of barley for nearly fifty years in succession 
on rather heavy ordinary arable soil have resulted in allow- 
ing that the produce by mineral manures alone is larger 
than that without manure; that nitrogenous manures 
alone give more produce than mineral manures alone ; and 
that mixtures of mineral and nitrogenous manure give 
much more than either used alone — generally twice, or 
more than twice, as much as mineral manures alone. Of 
mineral constituents, whether used alone or in mixture 
with nitrogenous manures, phosphates are much more 
effective than mixtures of salts of potash, soda, and mag- 
nesia. The average results show that, under all conditions 
of manuring — excepting with farmyard manure — the pro- 
duce was less over the later than over the earlier periods 
of the exiieriments, an effect partly due to the seasons. 
But the average produce over forty years of continuous 
growth of barley was, in all cases where nitrogenous 
and mineral manures (containing phosphates) were used 
together, much higher than the average produce of the 
crop grown in ordinary rotation in the United Kingdom, 
and very much higher than the average in most other 
countries when so grown. The requirements of barley 
within the soil, and its susceptibility to the external 
infiuences of season, are very similar to those of its near 
ally, wheat. Nevertheless, there are distinctions of result 
de{>endeut on differences in the habits of the two plants, 
and in the conditions of their cultivation accordingly. 
Wheat is, as a rule, in the British Isles sown in the 
autumn on a heavier soil, and has four or five months in 
which to distribute its roots, and so it gets possession of a 
wide range of soil and subsoil before barley is sown in the 
s])ring. Barley, on the other hand, is sown in a lighter 
surface soil, and, with its short period for root-develop- 
ment, relies in a much greater degree on the stores of 
]>]aDt-food within the surface soil. Accordingly, it is more 
susceptible to exhaustion of surface soil as to its nitrogen- 
ous, and especially as to its mineral supplies ; and in the 
common practice of agriculture it is found to be more 
benc?fited by direct mineral manures, especially phosphatic 
manures, than is wheat when sown under equal soil con- 
ditions. The exhaustion of the soil induced by both 
barley and wheat is, however, characteristically that of 
available nitrogen ; and when, under the ordinary condi- 
tions of manuring and cropping, artificial manure is still 
required, nitrogenous manures are, as a rule, necessary for 
both crops, and, for the spring-sown barley, superphosphate 
also. Although barley is appropriately grown on lighter 
soils than wheat, good crops, of fair qi:^ity, may be grown 
on the heavier soils after another grain crop by the aid of 
artificial manures, provided that the land is sufficiently 
clean. 

Legvmimma Crops and the Acquisition of Nitrogen , — 
The fact that tlie growth of a leguminous crop, such as 
red clover, leaves the soil in a higher condition for the 
subsequent growth of a grain crop — that, indeed, the 
growth of such a leguminous crop is to a great extent 
equivalent to the application of a nitrojjjenous manure for 
the cereal crop — was in effect known ages ago. The 
Romans recognized it two thousand years since, for Varro 
writes, “ Certain things are to be sown, not with the ho^X) 
of any immediate profit being derived from them, but 
with a view to the following year, because being ploughed 
in and then left in the ground, they render the soil after- 
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wards more fruitful ; and the plants used for this purpose 
were lupins, beans, vetches, and other leguminous speciea 
Nevertheless, it was not till near the approach ^ the 
closing decade of the 19th century that the explanation of 
this long-established point of agricultural practice was 
forthcoming. It was in the year 1886 that Hcllriegei and 
Wilfarth first published in Germany the results of investi- 
gations in which they demonstrated that through the 
agency of micro-organisms dwelling in nodular outgrowths 
on the roots of ordinary leguminous plants the latter are 
enabled to assimilate the free nitrogen of the air. The 
existence of the root nodules had long been recognized, 
but hitherto no adequate explanation had been afforded 
as to their function. 

Since Hellriegel’s striking discovery farm crops have 
been conveniently classified as nitrogen-accumulating and 
nitrogen-consuming. To the former belong the ordinary 
leguminous crops — the clovers, beans, peas, vetches or 
tares, sainfoin, lucerne, for example — ^which obtain their 
nitrogen from the air, and are independent of the applica- 
tion of nitrogenous manures, whilst in their roots they 
accumulate a store of nitrogen which will ultimately 
become available for future crojis of other kinds. It is, 
in fact, fully established that these leguminous crops 
acquire a considerable amount of nitrogen by the fixation 
of the free nitrogen of the atmosphere under the influence 
of the symbiotic growth of their root-nodule-microl)e8 and 
the higher plant. The cereal crops (wheat, liarley, oats, 
rye, maize) ; the cruciferous crops (turnips, cabbage, kale, 
ra;()c, mustard); the solanaceuus crops (potatoes); the 
chenopodiaceous crops (mangels, sugar bwta), and other 
non-leguminous crops have, so far as is known, no such 
power, and are therefore more or less benefited by the 
direct application of nitrogenous manures. The field 
experiments on leguminous plants at Bothamsted have 
shown that land which is, so to speak, exhausted so far as 
the growth of one leguminous crop is concerned, may still 
grow very luxuriant crops of another plant of the same 
natural order, but of difi'erent habits of growth, a'tid espe- 
cially of different character and range of roots. This 
result is doubtless largely de{x.mdent on the existence, the 
distribution, and the condition of the ai)propriate microbes 
for the due infection of the different descriptions of ])lant, 
for the micro-organism that dwells symbiotically with one 
species is not identical with that which similarly dwells 
with another. It seems certain that success in any system 
involving a more extended growth of leguminous crops in 
rotations must be dependent on a considerable variation 
in the description grown. Other essential conditions of 
success will commonly include the liberal application of 
potash and phosphatic manures, and sometimes chalking 
or liming for the leguminous crop. As to how long the 
leguminous crop should occupy the land, the extent to 
which it should be consumed on the land, or the manure 
from its consumption be returned, and under what con- 
ditions the whole or part of it should be ploughed in — 
these are jioints which must be decided as they arise in 
pi^tice. It seems obvious that the lighter and j)Oorer 
soils would benefit more than the heavier or richer soils 
by the extended growth of leguminous crops. 

Bemarkable as Hellriegers discovery was, it merely 
furnwhed the explanation of a fact which had Ixjen 
empirically established by the husbandman long before, 
and had received most intelligent application when the old 
four-course (or Norfolk) rotation was devised. But it 
gave some impetus to the practice of green manuring with 
leguminous crops, which are equally capable with such a 
crop as mustard of enriching the soil in humus, whilst in 
addition they bring into the soil from the atmosphere a 
quantity of nitrogen available for the use of subsequent 


crops of any kind. ' In Canada and the United States this 
rational employment of a leguminous crop for ploughing 
in green is being largely resorted to for the amelioration of 
worn-out wheat lands and other soils, the condition of 
which has been lowered to an unremuncrative level by 
the repeated growth year after year of a cereal crop. The 
well-known paper of Lawes, Gilbert, and Pugh (1861), “On 
the Sources of the Nitrogen of Vegetation, with special 
Reference to the Question whether Plants assimilate free or 
uncombined Nitrogen,” answered the question referred to 
in the negative. The attitude now taken up with n'gard 
to this problem is set forth in the following words, which 
are quoted from the Memoranda of the Rothamsted 
Experiments, 1900 (p. 7) : — 

Kxftcrmieiits were commenced in 1857, and conducted for several 
years in Ruccession, to detennine wlicther plants assimilate fme or 
uncombined nitrogen, and also various collateral points. Plants 
of the ^amiiieous, the leguminous, and of other families, were 
operatea ujion. The late Dr Pngh took a prominent part in this 
inquiry. The conclusion airived at was that our agricultural 
plants do not themselves directly assimilate the free nitrogen of the 
air by their leaves. 

In recent years, however, the question has assumed quite n new 
as^xict. It now iS' -whether the fiee nitrogen ol' tlie atmosphere is 
brought into (sombination under the inilnenee of micro-organisms, 
or other low fonns, either within the soil, or in symbiosis with a 
higher plant, thus serving indirectly as a source of nitrogen to 
plants of a higher order. Conmdoi mg that the results of liellnegel 
and 'Wilfarth on this i>oint were, it confirmed, of great signiticance 
and importance, it was decided to make exfteriments at Rothamsted 
on somewhat similar lines. Aceordingly, a preliminary series was 
undertaken in 1888 ; more extended senes were conducted in 1889 
and in 1890 ; and the investigation was continued up to the com- 
mencement of the year 1896. Further expenments relating to 
certain as]xxitB of the subject w^ere commenced in 1 898, and are 
still in piogress. The results have shown that, w hen a soil growl- 
ing leguminous plants is infected wuth ap^iropriate organisms, 
there is a development of the so-called logununous nodules on the 
roots of the plants, and coiucidently, inci-eased growth, and gain 
of nitrogen. 

7Vie Rotation of Crfips , — Although many different rota- 
tions of crops are practised, they may for the most part 
be considered as little more than local adaptations of the 
system of alternating root -crops and legumiuous crops 
with cereal crops, as exemplified in the old four-course 
rotation — roots, barley, clover, wheat. The rotations 
extending to five, six, seven, or more years are, in most 
cases, only adaptations of the princi})Ie to variations of 
soil, altitude, aspect, climate, markets, and other local 
conditions. They are effected chiefly by some alteration 
in the description of the root-crop, and jjerhaps by the 
introduction of the potato croj) ; by growing a different 
cereal, or it may be more than one cereal consecutively ; 
by the growth of some other legumiuous crop than clover, 
or the intermixture of grass seeds with the clover, and 
|)erhapB by the extension of the jieriod allotted to this 
member of the rotation to two or more years. Whatever 
the specific rotation, there may in practice be deviations 
from the plan of retaining on the farm the whole of the 
root-crops, the straw of the grain crops, and the legumiuous 
fodder crops (clover, vetches, sainfoin, &c.), for the pro- 
duction of meat or milk, and, coincidently, for that of 
manure to be returned to the land. It is equally true 
that, when under the influence of si^ecial local or other 
demand — proximity to towns, easy railway or other com- 
munication, for example — the jiroilucts which would 
otherwise be retained on the farm are exported from it, 
the import of town or other manures is generally an 
essential condition of such practice. Tliis system of free 
sale, indeed, frequently involves full compensation by pur- 
cha^d manures of some kind. Such deviations from the 
practice of merely selling grain and meat ofi' the farm have 
much extended in recent years, and will probably continue 
to do so under the altered conditions of British agricul- 
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ture, determined by very large imports of grain, increasing 
iinijorts of meat and of other products of stock-feeding, 
and very large imports of cattle-food and other agricultural 
produce. More attention is thus being devoted to dairy 
]>ro<luce, not only on gross farms, but on those tliat are 
mainly arable. 

The benefits tliat accrue from the practice of rotation 
are well illustrated in the results obtained from the investi- 
gations at Hothamsted into the simple four-course system, 
which may fairly be regarded as a self-supporting system, 
llefereucc may first be made to the important mineral 
constituents of different crops of the four-course rotation. 
Of pJiospJu/ric the cereal crops take up as much as, or 
more than, any other crops of the rotation, excepting 
clover ; and the greater jiortion thus taken up is lost to 
the farm in the saleable product — the grain. The 
remainder, that in the straw, as well as that in the roots 
and the leguminous crops, is supposed to be retained on 
the, farm, excepting the small amount exj)ortt‘d in meat and 
milk. Of potash, each of the rotation crops takes up very 
much more than of phosphoric acid. But much less potash 
than phosphoric acid is exported in the cereal grains, much 


more being retained in the straw, whilst the other products 
of the rotation — the root and leguminous crops — ^which are 
also supposed to be retained on the farm, contain very 
much more potash than the cereals, and comparatively 
little of it is exported in meat and milk. Thus, the whole 
of the crops of rotation take up very much more of potash 
than of phosphoric acid, whilst proi^bly even less of it is 
ultimately lost to the land. Of linie, very little is taken 
up by the cereal crops, and by the root-crops much less 
timn of potash ; more by the leguminous than by the other 
crops, and, by the clover especially, sometimes much more 
than by all the other crops of the rotation put together. 
Very little of the lime of the crops, however, goes off in the 
saleable products of the farm in the case of the self- 
supporting rotation under consideration. Although, there- 
fore, different, and sometimes very large, amounts of these 
typical mineral constituents are taken up by the various 
crops of rotation, there is no material export of any in the 
saleable products, excepting of pfwsphoric aeid a/nd of 
potash ; and, so far at least as phosphoric acid is con- 
cerned, experience lias shown that it may be advantageously 
supplied in purchased manures. 


Table XXIX. —T?ie Weight and Average Vompoeitwn of Ordinary Crops, in Pounds per Acre. 


Crop. 

Weight 

At 

1 Ilar\oHt 

of Crop. 

1 Ury* 

1’otal 

Pure 

Ash. 

Nitro- 

gttii. 

1 Hut- 
1 phur 

Potash. 

Sod*. 

Liiue. 

Mag- 

iienfa 

Phos- 

phoric 

Acid. 

Chlor. 

ine 

Hilica. 

Whoat, 30 bushels 

1,800 

1.530 

1 30 

34 

2-7 

9*3 

0-6 

1-0 

8-6 

14-2 

0-1 

0-6 

, , Rtniu 

3,158 

26.53 

142 

16 

61 

19 5 

2-0 

8-2 

3-5 

6-9 

2*4 

96-3 

Total orop . 

4,0,08 

4183 

172 

50 

7*8 

28*8 

2-6 

0-2 

7-1 

21-1 

2 5 

96*9 

IJarley, gmiti, 40 bushels 

2,080 

1747 

46 

35 

2-9 

9-8 

1 1 

1-2 

4-0 

16-0 

0-5 

11-8 

,, stmw 

a, 447 

2080 

1 

14 

j 3*2 

25*9 

3-9 

8-0 

2-9 

4-7 

3-6 

56-8 

M'oial cretp 


3827 

ir.7 

49 

6 1 

35*7 

5-0 

9-2 

6-9 

20-7 

4-1 

68*6 

Oats, giain. 4.') busliols . 

1,890 

162.5 

.51 

34 

3-2 

9 1 

0 8 

1-8 

3-6 

13-0 

0 5 

19*9 

,, straw .... 

2,83.'5 

2.153 

110 

18 

4*8 

37-0 

4-6 

9*8 

5 1 

6-4 

6 1 

65-4 

I’obil cro]> . 

4,7-i5 

3978 

191 

52 

8 0 

46 1 

5-4 

11-6 

8-7 

19-4 1 6 6 

L 

85-3 

Mai/e, gram, 30 bushels 

1,680 

1,500 

22 

28 

1-8 

6*5 

0 2 

0-5 

3*4 

10-0 

0-2 

0-5 

,, stalks, Ai-., 

2,208 

1877 

99 

15 


29 8 




8-0 



Total el op 

3,888 

3377 

121 

43 

. . 1 36 3 ' 



18-0 



Meadow buy, IJ ion 

3,360 

2822 

203 

49 

5*7 

.50-9 

9-2 

32-1 

ii-r 

12-3 

14-6 

56-9 

Red Clover liny, 2 tons 

4,-180 

3763 


1 98 

9-4 

83-4 

5-1 

1 90*1 

2S-2 

24*9 

9-8 

7-0 

Beans, gmin, 30 busbols j 

1,920 

1613 

1 ,58 ! 

; 78 

4 4 

21 3 

0-6 

2 9 

4 2 

22-8 

1*1 

0-4 

,, straw 

2,240 

1848 

1 99 

29 

4-9 

42-8 

1-7 

26-3 

5-7 

1 

6*3 

4*3 

6-9 

l\dal croj> . . . | 

4,100 

3461 : 

: 1.57 * 

107 

9*3 

67-1 

2-3 

29-2 

9-9 i 

29-1 

5 4 

7-3 

Turni])s, root, 17 ions ' 

„ leaf 

38,080 

3126 

218 1 

61 1 

15*2 

108 6 

17-0 

25*5 

5 7 

22-4 

10*9 

2-6 

11,424 

! 1531 

116 ' 

49 

5 '7 

40-2 

7-5 

48-5 

3-8 ' 

10-7 

11*2 

5*1 

Total crop . . . ^ 

49,504 

4657 ! 

! 364 1 

110 

20*9 

148-8 

21-5 

74-0 

9-5 1 

83-1 

22-1 

7-7 1 

Swedes, i*oot, 1 1 tons . I 

31,. 360 

1 .3319 

163 1 

i 

14-6 

63-3 

22-8 

1 19-7 

6-8 i 

16-9 

6-8 

3-1 

„ leaf. 

4,704 1 

706 

75 1 

1 28 

3*2 

16-4 

9-2 

22-7 

2-4 

4-8 

8*3 

3*6 

Total cro]i . 

36,064 

10.55 

238 1 

1 98 

17*8* 

79-7 

32-0 

42 4 

9*2 

21-7 

15-1 

6*7 

Mangels, root, 22 tou« . ! 

19,280 

; .5914 

426 

98 

4-9 

222-8 

69-4 

15*9 

18*3 

36-4 

42-5 

8-7 

„ leaf 

18,233 

1 16.54 

2.54 

51 

9*1 

77-9 

49-3 

27-0 

24-2 

16-5 

40-6 1 

9-2 

Total crop . 

67,r>13 

00 

o 

680 

149 1 

14-0 

300-7 

118-7 

42-9 

42-5 

52*9 , 

83-1 ' 

-- J 

17*9 1 

Potatoes, tulwrs, 6 tons 

13,410 1 

3360 

127 

46 

2-7 

76-5. 

3*8 

3*4 

6-3 

21-5 1 

4 4 ' 



* Caloulatwl from a single analysis only. 


Of nitrogen^ the cereal crops take up and retain much 
less tlian any of the crops alternated with them, notwith- 
standing the circumstance that the cereals are very 


characteristically benefited by nitrogenous manures. The 
root -crops, indeed, may contain two, or more, times as 
much nitrogen as either of the cereals, and the leguminous 
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crops, especially the clover, much more than the rootcrops. 
The greater part of the nitrogen of the cereals is, however, 
sold off the farm; but perhaps not more than 10 or 15 
per cent, of that of either the root-crop or the clover (or 
other forage leguminous crop) is sold off in animal increase 
or in milk. Most of the nitrogen in the straw of the 
cereals, and a very large proportion of that of the much 
more highly nitrogen-yielding crops, returns to the land as 
manure, for the benefit of future cereal and other crops. 
As to the source of the nitrogen of the root-crops — the so- 
called ** restorative crops ” — these are as dependent as any 
crop that is grown on available nitrogen within the soil, 
which is generally supplied by the direct application of 
mtrogenom manures, natural or artificial. Under such 
conditions of supply, however, the root-crops, gross feeders 
as they are, and distributing a very large extent of fibrous 
feeding root within the soil, avail themselves of a much 
larger quantity of the nitrogen supplied tlian the cereal 
crops would do in similar circumstances. This result is 
partly due to their period of accumulation and growth 
extending even months after the jKiriod of collection by 
the ripening cereals has terminated, and at the season 
when nitrification within the soil is most active, and the 
accumulation of nitrates in it is the greatest. When a 
full supply of both mineral constituents and nitrogen is at 
command, these root-crops assimilate a very large amount 
of carbon from the atmosphere, and produce, l)e&ides 
nitrogenous food materials, a very large amount of the 
carbohydrate sugar, as respiratory and fat-forming food for 
the live stock of the farm. The still more highly nitro- 
genous leguminous crops, although not characteristically 
bemefited by nitrogenous manures, nevertheless contribute 
much more nitrogen to the total produce of the rotation 
than any of the other crojis comprised in it. It is the 
leguminous fodder crops -especially clover, which has a 
much more extended j)eriod of growth, and much wider 
range of collection within the soil and subsoil, than any of 
the other crops of the rotation -—that yield in their j»roducf 
the largest amount of aitrogen per acre. Much of this 
is doubtless taken up as nitrate, yet the direct applica- 
tion of nitrate of soda has comparatively little V»eneficial 
iiifluencti on their growth. The nitric acid is most likely 
taken up chiefly as nitrate* of lime, but probably as nitrate 
of potash also, and it is significant that the high nitrogen- 
yielding clover takes up, or at l(*ast retains, very little soda. 
Table XXIX. from Waringtoii’s (Jliemutry of the Farm 
will serve to illustrate the subjects that have been discussed 
in this section. 

It is not only the conditions of growth, but the men to 
which the different crops are put, that have to be con- 
.sidered in the case of rotation. Thus the cereal croyis, 
when grown in rotation, yield more produce for sale in the 
season of growth tlian whtm grown continuously. More- 
over, the crops alternated with the cereals accumulate very 
much more of mineral constituents and of nitrogen in their 
produce than do the cereals themselves. By far the 
greater proportion of those constituents remains in cir- 
culation in the manure of the farm, whilst the remainder 
yields highly valuable products for sale in the forms of 
meat and milk. With a variety of crojis, again, the 
mcciiauical operations of the farm, involving horse and 
hand labour, are better distributed over the year, and are 
therefore more economically performed. The opportunities 
which rotation cropping affords for the cleaning of the 
land from weeds is another distinct element of advantage. 

The Feeding of Animals, and the Manueial Value 
OF Different Foods. 

In the feeding experiments at Rothamsted it has been 
shown that the amount of food consumed, both for a given 
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live weight of animal within a given time, and for the pro- 
duction of a given amount of increase, is, as current food- 
stuffs go, measurable more by the amounts they contain of 
digestible and available non-nitrogenous constituents than 
by the amounts of the digestible and available nitrogenous 
constituents they supply. The non-nitrogenous substance 
(the fat) in the increase in live weight of an animal is, at 
any rate in grcAt ]mrt, if not entirely, derived from the 
non-nitrogenous constituents of the food. Of the nitro- 
genous compounds in food, on the other hand, only a 
small proportion of the whole consumed is finally stored 
up m th(‘ increasci of the animal — in other words, a very 
large amount of nitrogen yiasses through the Imdy beyond 
that which is finally retained in the increase, and so 
remains for manure. Hence it is that the amount of food 
consumed to produce a given amount of increase m live 
Weight, as well as that required for the sustentation of a 
given live weight for a given time, should — provided the 
f(K)d be not abnormally deficient in nitrogenous substance 
■ — be characteristically dependent on its supplies of digest- 
ible and available non-nitrogenous constituents. Jt has 
further been shown that, in the exercise of foice by 
animals, there is a greatly increased exiienditure of the 
non-nitrogenous constituents of food, but little, if any, of 
the nitrogenous. Thus, then, alike for maintenance, for 
increase, and for the £‘xercise of force*, the exigencu s of 
the system arc characterized more by the demand for the, 
digestible non-nitrogenous or more specially resjaratory 
an<l fat-forming constituents than by that for the nitrogen- 
ous or more sjiecially flesh -forming ones. Hence, as 
current fattening food-stuffs go — assuming, of course, that 
they are not abnormally low in the nitrogenous constitu- 
ents- thi*y art*, a$ fuothy more valuable in proj portion to 
their richness in digestible and available non-nitrogenous 
than to that of their nitrt)gi‘nuus constituents. As, how- 
ever, the manure of the animals of tlu* farm is valuable 
largely in proi>ortion to the nitrogen it contains, there is, 
so far, an advantage in giving a food somewliat rich in 
nitrogt*n, provided it is in otlier respects a good ont*, and, 
weiglit for weight, not much mon* costly. 

In TabltJ XXX., whicli underwent n*visioii in 1885, and 
was adopted as trustworthy in 1897, is shown the average 
composition, both ]K*r cent, and jier ton, of all the leading 
cattli'- foods. It IS obvious that, in the (‘ase of almost 
every one of the articles enumerated, individual samples 
may vary even considerably from tlie average. In foods 
whicJi are manufactured or mqiorted tlw* iiercentage of 
dry matter is usually high. In those which may be either 
imported or homt*-grown, the variations in the ixrcentage 
of dry matter m different saiiqiles may be coiiipaiatively 
wide, it being as a rule distinctly higlier in the imported 
articles, which could not be ship]K*d unless in a drier con- 
dition than 18 usual with the liome-grown product. In 
such cases the imjiorted food will probably contain a 
liigher, or the liome-grown one a lower, jiercentage of dry 
matter than the average given m the tablt*. Hence the 
figures as tabulated need to be adopted or modified with 
judgment, having regard to the influence of the conditions 
of growth, maturity, preparation, or preservation to which 
the fotnis have l^(*n subject. Unless, however, tlie varia- 
tion from the standard composition adopted in thiJ table 
be moH! than usual, the effect on tlx* estimates of the 
manure value — for which the table is iirimarily intended — 

I will not be material, though it will obviously be much 
greater in the cose of the nitrogen than in that of either 
I the phosphoric acid or the potash. Tlu* table is useful for 
* purposes of comiiarison — for example, one ton of decor- 
1 ticated cotton cake contaiiis about four times as much 
I nitrogen as a ton of maize, wheat, or barh'y, and thirty 
times as much as a ton of mangel wurzels. 
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Table XXX . — Average Composition, Per Cent* and Per Ton, of Cattle Foods, 





Por Cent. 

- 



Per Ton. 


Foods. 

Dry 

Hattnr. 

Nitro. 

geii. 

Mliioial 

Mattor 

(Ash). 

PhoH- 

plioHc 

Acid. 

Petash. 

Nitrogen. 

Phos- 

phoric 

Acid. 

Potash. 

1. LitiBefd 

2. liitiHeod cako 

3. Decoi ticatod cotton j 

cake . . . j 

4. Paliii>niit cako 

5. Undeeorticated cotton / 

cake . . . \ 

6. Cocoa-nut cako 

7. Rape eake . 

Ppr e«iit. 

90- 00 

88- 50 

90*00 

91- 00 

87-00 

90-00 

89- 00 

Per font. 

3- 60 

4- 75 

6-60 

2 50 

3 7.5 

3*40 

4 90 

Per cent. 
4-00 

6 - .50 

7- 00 

3-60 

6 00 

6-00 

7 50 

Per ('.ent. 

1- 54 

2- 00 

3-10 

1-20 

2 00 

1 40 

2 -.50 

Per cent 
1*37 

1- 40 

2- 00 

0- .50 

2-00 

2-00 

1- 50 

lb 

80-64 

106-40 

147-84 

56-00 

84-00 

76-16 

109-76 

1b 

84*50 

44*80 

69*44 

26-88 

44-80 

81 -36 
56-00 

lb 

80*69 

81*36 

44*80 

11*20 

44*80 

44*80 

83*60 

8. Pens .... 

8.5-00 

3-60 

2 -.50 

0-85 

i 0-96 

80-64 

19*04 

21-50 

9. BoaiiB .... 

8.5-00 

4-00 

3 00 

1-10 

1 1 -30 

89*60 

24*64 

29*12 

10. licntils. 

88-00 

4-20 

4-00 

0 75 

1 0-70 

04-08 

16-80 

15*68 

11. Tai’ca (seedi . 

84-00 

4-20 

2 -.50 

0-80 

0-80 

94-08 

17-02 

17*92 

12. Mai/o .... 

88-00 

1 70 

1*40 

0-60 

0-37 

38-08 

18-44 

8-29 

13. Wlirttt .... 

85 00 

1-80 

170 

0 85 

0*53 

40-32 

10-04 

11-87 

14. Malt, .... 

94 00 

1-70 

2-50 

0 80 

0-50 

38-08 

17-92 

11*20 

1.5. Barley . 

84-00 

1-65 

2-20 

0-75 

0-55 

36-96 

16-80 

12*82 

1 6 Guta .... 

86-00 

2*00 

2*80 

0*60 

0-.50 

44-80 

13*44 

11*20 

17. Rieo meal ^ . 

18. Locust heaiiH ' 

90 00 
8.5-00 

1 -90 

1-20 

7-50 

2.50 

(0*60) 

(0-37) 

42 -.56 
26-88 

(13-44) 

(8-29) 

19. Maltcoonihs. 

90 00 

3 oo 

8-00 

2-00 

2-00 

87 -.36 ! 

44-80 

44-80 

20. Fine {Killaid 

86-00 

2 45 

5 .50 

2-90 

1-46 

.54*88 : 

64-96 

82*70 

21. (}oarM 0 jtoJlanl 

86 00 

2 -;.o 

6*10 

.3-50 

1-50 

56-00 

78*40 

33-60 

22. Biun . 

80 00 

2-.50 

6-50 

3-60 

1 -45 

56-00 1 

80-64 

32-48 

23. Olo\erhay . 

K-VOO 1 

2-40 

7-00 

0-67 

1-50 

.53*76 1 

12-77 

33-60 

24. MeadoNN huy 

8100 1 

l-,50 

6*50 

0-40 

1-60 

33*60 , 

8-96 

35-84 

2.5. Pea st^a\^ 

8*2*50 

1 00 

5 50 

0-35 ‘ 

1-00 

22-40 1 

7-84 

22-40 

20. Oat Htra>\ 

83 00 

0 50 

5 -.50 

0-21 

1-00 

n-20 

5*88 

22*40 

27. Wheat 

81-00 

0 15 

5-00 

0*24 

0-80 

10-08 1 

5*38 

17-92 

28. Bailey Mil JIM . 

85 00 

0 10 

4-50 

0*18 1 

1-00 

8-96 1 

4*03 

22-40 

29. Bean Htiuu . 

82 ,50 

0*90 1 

5 00 

0*30 1 

1-00 

20*16 1 

6-72 

22-40 

30. Potatoi'H 

25 00 

0 25 

1-00 

0*15 1 

0-.55 

5-60 1 

3*36 

12-32 

31. Caviots. 

11-00 

0-20 

0-90 

0-09 1 

0 28 

4-48 1 

2*02 

6*27 

32. Pai'MinpH 

16 00 

0-22 

1-00 

0-19 

0-36 

4-93 1 

4-26 

8-06 

33. Manuel AMir/elH 

12 -.50 

0 22 

1-00 

0-07 

0-40 

4*93 1 

1-57 

8*96 

34. Sweoi'ili till nips . 

11 00 1 

0*25 

0-60 

0-06 1 

0-2-2 

5-60 i 

1-34 

4*98 

3.5. Yellow tiiniipH ^ . 

9 00 1 

0 20 

0 65 

(0-06) ; 

(0-22) 

4-48 

(1-34) 

(4-93) 

36. AYliitc turnips 

8-00 1 

0-18 

0-68 

0-05 ' 

0-30 

4-03 1 

1-12 

6-72 


^ 111 tiu) ciiHe of iioitlier net* meal, lurnst beaiih, nor yellow tuinipH, have leeonlH of ash analyses been fbniul. For riee meat 
the same perceiitaf^es of pliosphonc acid and iiotosh as iii maize, and for yellow turni])K the same as in swedes, aie provisiou- 
ally adopted ; but where the results are assumed they are given in parentheses. For locust beaus no figure has been assumed, and 
the columns are left blank. 


Table XXXT., revised by Lawes and GillnTt in 1897, 
shows the method and the results of the calculation of the 
total or anginal manure value of the different foods, odojit' 
ing as a basis their corn|K)sition as given in Table XXX. 
When the table was constructed in 187r) thi* values jx'r tb 
of the important maimrial ingrtHlients were taken as 
ammonia, 8d. : phosplioric acid, 2jd. ; potash, 2d. At 
the revision of the table in 188r) these were altered to 
6d., 3d., and 2 Jd. ri'sjxctively. At the subsetjuent revision 
in 1897 the fluctuations in ]>rices which had then taken 
place rendered necessary a furtlier modification to 4d. jht 
lb for animouia, 2d. i>er It) for pho8i)horic acid, and l^d, 
per It) for potasli, these being the lowest of all. They 
determine the figures given in the last column of the table, 
representing the total manure \ulue \mi' ton of food con- 
sumed. The sum of £2, 11s. lid., for (‘xaiuple, denoting 
the manure value of one ton of linseed ctike consumed, is 
the aggregate of £2, Is. 2d. for nitrogen ; (is. lid. for phos- 
phoric acid, and 38. lOd. for potash. 

This table is of intt*rest alike to the stockfeeder and to 
the valuer, and it will K'pay closer study. The first 
column shows the estimated amounts of each food required 
to give one part of fattening increase in live weight of 


oxen or sbeej) ; and the second column shows the amounts 
of such increase that would, accordingly, be acquired by 
the consumption of one ton of each food. Some such 
estimate must necessarily be made before it is possible to 
calculate how much of the manure constituents of the food 
are carried off by the animal increase, and consequently 
how much remain for manure. It must not, liowever, be 
concluded that, by the consumption by oxen or sheej) of 
one ton of any one of the different foods med alone, the 
amount of fattening increase given in the second column of 
the table would bt) produced,— that, for example, a ton of 
linseed cake, if so given, would yield 373 fi), a ton of oat 
straw 124 11), or a ton of mangels 23 ff)of increase. What 
is meant is that, when any one of the foods is given in the 
judicious amount and in admixture with other foods 
which exjierience shows to be beneficial, it may be 
estimated that one ton of the food so consumed will, 
approximately, contribute the amount of increase in live 
weight stated. 

Taking into cbnsideration the difficulties attending the 
ex|)erimeutal determination of these values, it is claimed 
tliat they are the best that existing knowledge renders it 
l) 08 sible to arrive at. Nevertheless, it is pretty certain 
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that the amounts of increase assumed to be produced 
are higher than those usually obtained. The amount 
estimated to be yielded by linseed cak(», for example, is 
certainly higher than would 1x3 obtained when, as is some- 
times the case, it is given in sueli excessive amount that 
much is voided by the animals undigested. On the 
other hand, the amounts of the difterent foods estimated 
to be required to give one i>art of increase are doubtless 
higher than would be so nniuired, if as large a proportion 
of the constituents were digested and utilised as has been 
shown to be digestible in the German expt3riment8 on that 
subject. In those exjxTiments the animals wore for the 
most ])art kept on mere sustenance food, so that they 
would digest the maximum ])roportion of the constituents 
they receiv(*d. In tlnj case of fattening, however, 
especially with early maturity, the conditions are very 
different. The animal receives a greater or less excess of 
food, and not only voi<ls proportionally more undigested, 
but may transform more tlnin is fully utilized. It is, 
nevertheless, economy to give an excess within certain 
limits. The apparent waste is, in fact, more than 
counterbalanced. Thus, in the first place, the manure* 
value of the not-utilized food still remains intact ; but 
the real source of the economy is in the shorttuiiug of the 
time of feeding, and so, at the cost of some excess of 
food, saving the amount that would lx* (‘xpeiided in the 
mere sustenance of the animal in feeding for a longer 
period. 

The next section of tJie fable, headed “Nitrogen,” 
and conqirising seven columns, relat<‘s to tJie amount 
and to tlu* distribution of the foods. There are given the 
amounts of nitrogen jH*r cent, and }»er ton as in Table 
XXX. ; the actual amount estimated to be contained in the 
increase in live weight of the aiiiinal consuming one ton 
of the food, and the jxircentage of the total nitrogen 
consumed which is so n^taiued in the increase ; the 
amount of the nitrogen of the food n'lnaining for manure, the 
amount of ammonia to wiiich it corresponds, and its money 
value, reckoned at 4d, j»er Ih. Throughout the calculations 
it is assum 'd that only fattening incrt*ase is jiroduced, 
and that tliis will contain 8 ]»er cent, of nitrogenous 
Bubstaiiee, eorresponding to 1 *27 }H '1 cent, of nitrogen in 
the increase. ]t will bt* seen that, according to the 
figures, the only food in tlie list of which a ton is 
estimated to contribute more than 5 Ih of nitrogen to tlie 
fattening increase is liuseed, and that in tlie case of none 
of the cakes, or of the lt*guimiious seeds, will 1 ton 
contribute 5 lb of nitrogen to the increase, whilst the 
amount is iu several cases under 4 H). A ton of the 
cereal grains, or of tlieii i>roducts (and locust beans), 
generally contributes under 4 11) ; a ton of hay or straw 
less than half as much ; and a ton of roots very much less 
still. To put it in anotli(*r way : of the total nitrogen 
consumed iu the foods rich in that substance, such as the 
cakes and the leguminous si'cds, tliert* is generally less 
than 5 per cent, rt^tained in the fattening increase in live 
weight. The cereal grains, on the other hand, which are 
much less rich in niti'ogen, contribute a much larger 
proportion of their total amount to the increase ; iiidei'd, 
generally about 10 per cent, of it. TJie gramineous straws 
contribute a higher proportion still, whilst roots (mangels 
and turnips) lose by feeding on an average only about 
5 or 6 per cent, of their nitrogen. Hence, when fattening 
increase only is jiroduced, tlie ])roporti()n of tlie nitrogen 
of the food which is retained by the animal, and so lost to 
the manure, is very small in the case of the richer foods, 
but more in that of the |K>orer ones; but even with 
them it seldom exceeds 10 |>er cent., excepting with the 
straws. It may be assumed, however, tliat when the 
foods are consumed by store animals, about twice as much 


[united 

of the nitrogen of the food is retained by the animal, and 
so lost to the manure. And when, as is more and more 
the case with early maturity, the increase comprises a 
larger proportion of growth than in mere fattening, the 
amount of the nitrogen of the food which will be lost 
to the manure will be between that given in the table 
and twice as much. 

The third section of the table relates to the phosphoric 
acid, and there are given for each food, as in the case of 
the nitrogen, the amounts of it per cent, and per ton of 
the foods ; the amount estimated to be retained in the 
increase ; the amount remaining for manure, and tlie 
money value of this at 2d. per It). It will be seen that 
there is only about two-thirds as much phosiihoric acid 
as of nitrogen retained in a given weight of fattening 
increase ; but, owdng to the very generally less, and some- 
times much less, amount of it in the foods, a greater 
proportion of that consumed is retained in the animal, and 
a less proportion remains for manure. It should be addl'd 
that, in the case of store animals and of animals still 
growing, the amount of phosplioric acid retained in a 
given weight of increase will be very much greater than in 
mere fattening ; indeed, in mere store increase it may, as 
in the case of the nitrogen, he nearly twdee as great. 

Of potash, the table shows tluit a given weight of 
fattening increase retains only about one-eighth as much 
as it does of phosplioric acid ; and the jiercontago of the 
whole in the food which is lost to the manure is generally 
very small. In its case, as in that of the nitrogen and 
phosphoric acid, the amount retained iu mere store increase 
will be nearly twdee as much as in mere fattening increase, 
but the total quantity retained is still very small. Thi' 
potash remaining for manure is valued at lAd. per Ih. 

The last column of the table shows the total manure 
value of a ton of e^ich of th(j foods after cousumjition, 
reckoning the nitrogen, the phosphoric acid, and the 
l)otasli at the prices above namcxl, which arc those? at 
which they could, at the time (1897-98), be iiurcliused in 
artificial manures. The reductions in the prices of am- 
monia, jihosplionc acid, and potash, now adopted, bring 
all the estimates of total or original manure value 
almost exactly one - tliircl lower than thosi* given in 
1885. Tims tlie total value of a ton of linseed cake 
consumed, which in 1885 was reckoned at Xfi, l8s. Gd., 
was taken in 1897-98 at £2, 11s. lid. , that of a ton of 
oats was reduced from XI, 9 b. lOd. J9s. 9d. ; and that 
of other foods in the same ])roj)ortioii. 

Unexhausted Manure Value of Cattle Foods , — A much 
more complicated i>roblem than tlie estimation of the total 
or oriijinal manure valve of (‘attic foods is that ol’ estimat- 
ing the unexhausted manure value of the different foods, or 
what may be called their compensation value^ after they 
have been used for a series of years by the outgoing tenant, 
and he has realized a certain jiortion of the maiiui-e value 
I in his increased cro])s. In the light of experimental and 
other evidence, Lawes and Gilbert fixed upon a scale of 
reduction, starting from the total or onginaJ niaimre value, 
as estimated in Table X.XXI. The method so arrived at 
is to deduct on('-lialf of the original manure value of the 
food used the last year, and one-third of the I'emainder 
each year to the eighth, in the case of all the more con- 
centrated foods, anil of the roots ; whilst, for the hays and 
straws, which contain larger amounts of indigestible 
matter, and the constituents of which will be moi-e slowly 
available for ‘crops, two-thirds of the original manure value 
is deducted for the last year, and only one-fifth from year 
to year to the eighth year. The results of the estimates of 
cofiipematum value so made are given in Table XXXII. 
The first column shows the total or original manure value 
of each food. The second column shows the allowance 
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Table XXXIl . — Flan and JResvlts of EitinuUions of the Compensaticn Value of UnescJiauBted Manure^ starting firmth 
ike Ori^nal Mamire that is^ the Value deducting the constituents of increase in {Fattening) Live Weight only. 



Original 

Manure 







ComiMUiMation Value of UiiexliauHtofl Manure 







Value, 

deducting 




















Foo(1m. 
















1 





IncreoMe iti 
Live Weight 

Last Year. 

Second Year. 

Tliird 

Year 

Fourth 

Year. 

Fifth 

Year. 

Sixth 

Ycaii 

Seventh 

Year 

Kighth 
Ymr . 

ToUl 



only. 













1 







Deduct One-half of Ortgiwi!. Manure Value the Last Y 

ear. 

and One-thtrd from Year to Year 






One Ton 

£ n. 

d 

£ 

» 

d 

£ 


d 

«. 

d 

s 

d 

8 d ! 

8 

d 

« d 

8 

d 

£ 

6 

d 

1. Linseed .... 

1 19 

2 

0 19 

7 

0 

13 

1 

8 


5 

10 

.1 11 

2 

7 

1 9 1 

1 

2 

2 

16 

8 

2. Linseed cake . 

2 11 

11 

1 

6 

0 

0 

17 

4 

11 

7 ' 

7 

9 

.5 2 

a 

5 

2 3 

1 

6 

3 

15 

0 

3. Decorticated cotton cake . 

8 14 

9 

1 

17 

4 

1 

4 

11 

16 

7 1 11 

1 

7 5 

4 

11 i 

3 3 

2 

2 

5 

7 

8 

4. Palm-nut cuke . 

1 6 

4 

0 

13 

2 

0 

8 

9 

5 

10 

3 

11 

2 7 

1 

^ 1 

1 2 

0 

9 

1 

17 

n 

5. Uiidecorticated cotton cake 

2 5 

8 

1 

2 

7 

0 

15 

1 

10 

1 

6 

9 

4 6 

3 

0 i 

2 0 

1 

4 

3 

5 

4 

6 . Cocoa-nut cake 

1 19 

10 

0 

19 

11 

0 

13 

8 

8 

10 

5 

11 

3 11 

2 

7 1 

1 9 

1 

2 

2 

17 

4 

7. Rape cake 

2 16 

5 

1 

8 

3 

0 

18 

10 

12 

7 

8 

5 

5 7 

3 

9 

2 6 

1 

8 

4 

1 

7 

8 . Peas .... 

1 16 

5 

0 

18 

3 

0 

12 

2 

8 

1 

6 

^ i 

3 7 

2 

5 , 

1 7 i 

1 

1 i 

2 

12 

7 

9. Keans .... 

2 1 

11 

1 

0 

11 

0 

13 

11 

9 

3 

6 

2 1 

4 1 

2 

9 ' 

1 10 1 

1 

3 

3 

0 

2 

10. Lentils .... 

2 0 

8 

1 

0 

4 

0 

13 

7 

9 

1 

6 

1 

4 1 

2 

9 

1 10 i 

1 

3 - 

2 

19 

0 

11. Tares (seed) 

2 1 

1 

1 

0 

7 

0 

18 

9 

9 


6 

1 

4 1 

2 

9 

1 10 1 

1 

3 ' 

2 

19 

6 

12. Maize 

0 16 

7 

0 

8 

4 

0 

5 

7 

3 

9 

2 

6 

1 8 

1 

1 

0 9 

0 

6 i 

1 

4 

2 

18. Wheat 

0 18 

11 

0 

9 

6 

0 

6 

4 

4 

3 

2 

10 

1 11 

1 

3 , 

0 10 

0 

7 

1 

7 

0 

14. Malt ...... 

0 17 

7 

0 

8 

10 

0 

5 

11 

3 

11 

2 

7 

1 9 

1 

2 

0 9 

0 

6 

1 

5 

5 

15. Barley 

0 17 

2 

0 

8 

7 

0 

5 

9 

3 

10 

2 

7 

1 9 

1 

2 

0 9 

0 

6 

1 

1 

11 

16. Oats 

0 19 

9 

0 

9 

11 

0 

6 

7 

4 

5 

2 

11 

1 11 

1 

3 

0 10 

0 

i 

1 

8 


17. Bice meal 

18. Locust beans 

(0 18 

6) 

(0 

9 

3) 

(0 

6 

2) 

(4 

1) 

(2 

B) 

(1 10) 

(1 

3) 

(0 10) 

(0 

7) 

(1 

6 

9) 

19. Malt coomhs . 

2 6 

7 

1 

3 

3 

0 

15 

6 

10 

4 

6 

11 

4 7 

3 

1 

2 1 

1 

r. 

3 

7 

2 

20. Fine jKjllard 

1 15 

2 

0 

17 

7 

0 

11 

9 

7 

10 


8 

3 0 

2 

4 

1 7 

1 

1 

2 

10 

11 

21. Coarse j»ollard . 

1 18 

1 

0 

19 

1 

0 

12 

9 

8 

6 

5 

8 

3 9 

2 

6 

1 8 

1 

1 i 

1 

15 

0 

22. Bran ' . 

1 18 

6 

0 

19 

8 

0 

12 

10 

8 

7 

5 

9 

3 10 

2 

7 

1 9 

1 

2 

2 

15 

9 

DediuA Two-thwds of Original Manure Value the Lasl Pmr, ami (hie-Jifth fnmi 

Year to Year 





23. Clover hay 

1 7 

0 

0 

9 

0 

0 

7 

2 

5 

9 

4 

7 

3 8 

2 

11 

2 4 

1 

10 

1 

17 

3 

24. Meadow hay . 

0 18 

7 

0 

6 

2 

0 

4 

11 

3 

11 

8 

2 

2 6 

2 

0 

1 7 

1 

.3 

1 

5 

6 

25. Pea stiaw 

0 12 

2 

0 

4 

1 

0 

8 

8 

2 

7 

2 

1 

1 8 

1 

4 

1 1 

1 0 Ip 

0 

16 

11 

26. Oat straw 

0 7 

5 

0 

2 

6 

0 

2 

0 

1 

7 

1 

3 

1 0 

0 10 

0 8 

0 

6 

0 

10 

4 

27. Wheat strain 

0 6 

6 

0 

2 

2 

0 

1 

9 

1 

5 

1 

2 

0 11 

0 

9 

0 7 

0 

6 

0 

9 

8 

28. Barley strain 

0 0 

5 

0 

2 

2 

0 

1 

9 

1 

5 

1 

2 

0 11 

0 

9 

0 7 

0 

6 

0 

9 

3 

29. Beau straw 

0 11 

5 

0 

3 

10 

0 

8 

1 

2 

6 

2 

0 

1 7 

1 

3 

1 0 

0 

10 

1 0 16 

1 

Deduct One-half of Ongnial Manure Value the Lajst Year, and One-third front Year to Year. 





80. Potatoes .... 

2 0 

10 

1 

0 

5 

1 0 

13 

7 

9 

1 

1 ^ 

1 

4 1 

1 2 

9 

1 10 

1 

3 

2 

19 

1 

81. CarroU .... 

1 7 

6 

0 

13 

9 

0 

9 

2 

6 

1 

1 4 

1 

2 9 

1 1 

10 

1 3 

0 

10 

1 

19 

9 

82. Parsuiph .... 

1 15 

0 

0 

17 

6 

0 

11 

8 

7 

9 

: 5 

2 

3 5 

2 

3 

1 6 

1 

0 

2 

10 

3 

33. Mangel wurzels 

84. Swedish turni^w 

1 11 

8 

0 

15 

10 

0 10 

7 

7 

1 

4 

9 

3 2 

2 

1 

1 5 

0 

11 

2 

5 

10 

1 9 

2 

0 

14 

7 

0 

9 

9 

6 

6 

4 

4 

2 11 

1 

11 

1 3 

0 

10 

2 

2 

1 

85. Yellow turni{is 

(1 5 

0) 

(0 12 

6) 

(0 

8 

4) 

(5 

7) 

(3 

9) 

(2 6) 

(1 

«) 

(1 1) 

{0 

9) ; (1 16 

2) 

36. White turnips 

1 5 

10 

1 " 

12 

11 

0 

8 

7 

5 

9 

3 

10 

2 7 

1 

9 

1 2 

' 0 

9 

, 1 

/ 

4 


for tho last year, and tlie succeeding seven columns that 
for each succeeding year to the eighth. The last column 
gives the total compensation value for the eight years’ con- 
sumption. It may seem at first sight that a deduction of 
50 |>er cent, from the original manure value of the food 
used in the last year is large. Allowance has to be made, 
however, for all losses to which the manure may be sub- 
ject, which may l>e considerable, esi)ecially if much of the 
food is consumed in the yards ; and it has to Ims iKirne in 
mind that the money paid for couq^ensation will not yield 
its full return for a long time. Only half the original 
manure Value would, therefore, be allowed if the food were j 
only used one year ; and all scales of allowance arranged | 
by farmers’ clubs assume the consumj)tion for more than 1 
one year. Nevertheless, if the food is used for eight years, 
or more, it will be seen that the total allowance consider- 
ably exceeds the original manure 'value of one year’s con- 
sumption — the allowance made for the accumulation 
bringing it up to from one and a third to one and a half 
as much as the original manure value. 

In order to test the applicability of the scale of com- 
pensation proposed, the case may be considered of a Norfolk 


or Lincolnshire farm under the ordinary four-course rotation, 
with meat and grain only sold, and the roots fed partly on the 
land and partly in the yards Let it be assui ned , further, that 
tho land is thoroughly clean, and that the farm is in every 
respect in good onler when given up. The essential basis 
of the system of estimate and valuation of the unexhausted 
residue adopted is the assumption of gi actual accumulation 
within the soil, and of slow recovery from it. Sup ])080 
then that linseed cake had been used annually for eight 
years, at the average rate of one ton over eight acres each 
year, or of one ton i)er acre in eight years. Each acre 
would thus on tho aveiage receive, either in farmyard 
manure or directly by the feeding with roots or clover on 
the hmd, the manure from the consumi)tiou of one ton of 
linseed cake in eight years, or at the average rate of one- 
eighth <>f a ton, or cwt., per acre jHjr annum. 

The first column of Table XXXII. shows that the total 
or <yrigi 7 Uil manui'e valm of one ton of linseed cake con- 
sumed — that is, the value deducting only the constituents 
stored up in the animal — is estimated to be £2, 11s. lid. 
The subsequent columns of the same table show the 
estimated compensation value of the unexhausted residue 
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from one ton consumed (that is, after the tenant has 
realized the benefit of the increase of his crops) to be, if 
used each year for eight years, as given in the first column 
of the following statement, the second column showing the 
amount per acre j)cr annum : — 

r Ck)tnp«nNattnn AllowaiitiAH for One Tun I 

of Linveed Cako conamni»<l. 


Per anniitn, Per acre, in 

Kight Yearn. , Eight Yeara. 



- 


_ — ^ 



— 

— 


& 

B. 

tL 

£ 

B. 

d. 

Last year 

1 

6 

0 

0 

3 

3 

2iid ,, 

0 

17 

4 

0 

2 

2 

8rd ,, 

0 

11 

7 

0 

1 

5 

4th ,, 

0 

7 

9 

0 

1 

0 

, 5th „ 

0 

5 

2 

0 

0 

8 

' 6th „ . j 


8 

5 

0 

0 

5 

7tli „ 

1 0 

2 

3 

0 

0 

.3 

8th „ ... 

i_ “ 

1 

6 

0 

0 

2 


Total . . 3 15 0 I 0 9 4 


Thus, according to the first column of figures, the value 
of the unexhausted manure residue from the consumption 
of one ton of linseed cake annually for eight years would 
bo X3, 15s., or nearly 45 {yer cent, more than the original 
manure value of one yearns consumption. Or, as the 
second column shows, the allowance would be at the rato 
of 9s. 4d. jjor acre over the w'hole farm. Whether such 
an allowance would be too much or t<Ki little under the 
conditions supposed is a <|ueslion for consideration. 
These conditions arc : a light -lan<l farm, upon which the 
manure from purchased fooil is an essential element 
of profitable cultivation ; that meat and grain alone 
are sold ; and that the farm is given up in a satisfactory 
state in every ros[)ect. Also that, on the average, each 
acre received during the last eight years the manure 
derived from the consumption of one ton of linseed 
cake. The question between the two parties concerned 
is, whether the outgoing tenant would receive sutficient 
remuneration for his unexhausU^d manuri* ; and, on the 
other hand, whether thi* landowner, or the incoming 
tenant, would pay more than will be recovered in increase 
of crops. An allowance of 9s. 4d. |)er acre on a farm of 
400 acres would amount to JB186, l.'hs. 4d., which is a 
large sum to pay ; and it is certain that the I’ecovery 
of the amount would only Ins gmdual. It is well known 
that both time and money are required to get land into 
condition, and here is land already in condition. 

Although in the foregoing tables the estimates of the 
manure values of food-stuffs are made iii accordance with 
the prices of ammonia, phosphoric acid, and potash at the 
time (1898), it is evident that the results may require 
further revision as the value of manure constituents in 
the market changes, and perhaps also in other ways, as 
knowledge advances and exix^rience is gained.^ 

^ For a fuller diBcuRsiou of the subject the reader should cousiilt 
Lawes and Oilljert'a pa)»er in the Journal qf the Royal AgrusaHural 
SoeUiy^ 1897. In the course of a letter vrritton early in 1901, Sir J. 
Henry Gilbert referred to the question as to how the manure from 
store stock should be valued. The loss to the manure is more in the 
case of the feeding of lean or store stock than in that of fattening 
animals, but is much less than in the case of milk production. 
Assuming the increase 5*0111 the consumption of a given food by store 
stock removed twice as much of tlie constituents valuable as manure 
as when used for fattening, tlie result would approximately be that, 
in the case of any of the high-nitrogen foods, Nos. 1 to 11 in Table 
XXXll., 5 per cent, would be sufficient to deduct from the original 
manure value before applying the scale according to the ** class of 
farm " as defined below ; and that in the case of the lower-nitrogen 
foods, Nos. 12 to 17, a deduction of 10 per cent would be sufficient 
With reference to the valuation of the manure constituents when the 
foods are consumed by fattening pigs, the conclusion arrived at is that, 
although there are cliaracteristio differences between the amount and 
propoi^on of the various foods consumed by oxen and sheep on the 


Implements and Machinery. 

Agricultural machinery is dealt with elsewhere. As* 
however, it is the custom of the Royal Agricultural Society 
of England to invite competitions at its annual shows in 
specified classes of implements, an enumeration of these 
will indicate the character of the appliances which were thus 
brought into prominence during the closing quarter of the 
19th century. These trials taking place, with few inter- 
missions, year after year serve to direct the public mind to 
the development, which is continually in progress, of the 
mechanical aids to agriculture. The awards here summary 
ized are quite distinct from those of silver medals which 
are given by the Society in the case of articles possessing 
sufficient merit, which are entered as “new implements 
for agricultural or estate purposes.” 

In 1875, at Taunton, special iirizes were awarded for one-horse 
and twu-liorse mowing niachincss, hay-making machines, horse rakes 
(self-acting and not self-acting), miards to the drums of threshiug- 
macliiiies, and combined guards and feeders to the di-ums of 
threshing machines. In 1876, at Birmingham, the conqjetitions 
were of self- delivery reaiiers, one- home reapers, and combined 
inoweiw and i‘eapers without self-delivery. In 1878, at Bristol, the 
si)ocial awards were all for dairy appliances — milk-can for convey- 
ing milk long distances, chum for milk, churn for cream, butter- 
worker for large dairies, butter- worker for small dailies, cheese tub, 
curd knife, ciiid mill, cheese- turning ai)i»aratii8, automatic means of 
preventing rising of cream, milk -cooler, and cooling vat. A gold 
medal was awarded for a harvestci and self-binder (M‘Corniick’a). In 
1879, at Kilburn, the competition was of railway waggons to convey 
}M;rishablo goods long distances at low temperaturas. In 1880, at 
Oaiiisle, and in 1881, at Derby, the siKjcial awards were for broadside 
steam diggera and string sheal -binders respectively. In 1882, at 
Heading, a gold medal was given tor a cream separator for horse 
power, whilst a prize of 100 guineas otlcivd for the most efficient and 
most economical method of drying hay or corn cro^ artificially, either 
before or after being stacked, was not awaided. In 1883, at York, a 
prize of £50 was given for a butter daily suitable tbi not more than 
tw^onty cow^s. In 1884, at Shrew sbury, a prize of A'^O was awarded 
W a sheaf-binding reajior, and one of A50 for a similar machine. 
In 1885, at Preston, the coni]>ctition8 wera concerned with two- 
liorse, thrae-horse, and lour-horae W'hipple-trecs, and trackages for 
conveying fresh butter by rail. In 1886, at Noi'wich, a prize of 
£*25 was awairied for a thatch - making machine. In 1887, at 
Newcostle-on-Tyiie, a })nze of A200 w'cnt to a compound j[»ortable 
agricultural engine, one of AlOO to a simple i)ortable agni'iiltural 
engine, and lesser ])rizeH to a wreighing inacniiie for horses and 
cattle, a weighing machine for sheefi and pigs, jiotato-raisci's, and 
one-man }>ower cream separatora. In 1888, at Nottingham, hay 
and straw presses for steam ix»wer, horse power, and hand jxiwer 
were the subjects of com petition. In 1889, at Windsor, prizes 
were awarded lor a fruit and vegetable evaporator, a ijaring and 
coring machine, a dairy theniionieter, jjai'cel post butler-boxes to 
caiTy differant weights, and a vessel to contain praserved butter. 
In 1890, at Plymouth, comi>ctition8 took place ol light jiortable 
engines {a) using solid fuel (5) using litpiid or gaseous fuel, mat 
muls for use on a fami, dismtegratora, and cider -making plant 
lor use on a farm. In 1891, at Donesaster, special prizes were 
given for combined )»ortable threshing and iinishiug machines, 
and cream separators (hand and power). In 1892, at Warwick, 
the comi)etitiouH related to ploughs — single fuiTow (a) for light 
land, {£) for strong land, (c) for prass drill and braadcast 
sowing ; two-furrow ; thi*ee-fuiTow ; digging (a) for light land (5) 
for heavy land ; and one-way ])louj^h8. In 1898, at Chester, self- 
binding harvestere and sheep-shearing machines (jiower) were the 
appliances respectively in conqjetition. In 1894, at Cambrid^, 
the awards were for fixed and iiortable oil engines, jKitato-sprajong 
and tree-spraying machines, shoep-dippiiig ap^Niratus, and chums. 
In 1895, at Dariington, the competitions were confined to hay- 
making machines and clover - making machines. In 1896, at 

one band, and by pigs on the other, yet there would not be such material 
difference in the case of the some description of food consumed respect- 
ively by oxen, sheep, and pigs, as to render it desirable to make 
any distinction in estimating the manure value of the same food thus 
consumed. 

In actual practice it has been found convenient, in applying the 
estimates of manure value, to modify the compensation according to 
the class of farm, thus : (1) where the consumption is on farms that 
have been well mapaged, with the yard accommodation for the proper 
conservation of manure good, or where the feeding-stuffs have been 
fed on laud left clean, and the management has been generally good 
and judicious ; (2) where such conditions are not so good and merit- 
orious ; (8) where such conditions are bad. 
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Leicester^ prizes were awarded after trial to potato - planting 
inachinosi potato-raising machines, and butter-drving machines. 
In 1897. at Manchester, special awards were made for fruit baskets 
and milk-testers. In 1898, at Birm^ham, a piize of £100 was 
given for a self-moving vehicle for light loads, £100 and £50 for 
self-moving vehicles for heavy loads, and £10 for safety feeder to 
chaff-cutter, in accordance with the Chaff-cutting Machines (Acci- 
dents) Ac^ 1897. In 1899, at Maidstone, sp^ial prizes were offered 
for machines for washing ho|)6 with liquid iusecticidos, cream 
separators (wwer and hand), machines for the evaporation of fruit 
and vegetables, and packages for the carriage of (a) soft fVuit (6) 
hard fruit. In 1900, at York, the competitions were concerned 
with horse-power cultivators, self-moving steam diggers, milking 
machines, and sheep -shearing machines (i)owcr and hand). In 
1901, at Cardiff, competition was invited in portable oil engines, 
agricultural locomotive oil engines, and small ice -making xdant 
suitable for a dairy. 

The progress of steam cultivation has not justified the 
hopes that were oncK) entertained eoneemiug this method 
of working implements in the held. It was about the 
year 1870 that its advantages first came into prominent 
notice. At that time owing to labour disputes the siipidy 
of hands was short and horses were dear. The wet seasons 
that set in at the end of the ^seventies led to so much 
hindrance in the work on the land that the aid of steam 
was further called for, and it seemed probable tliat there 
would bo a lessoned demand for horse power. It was 
found, however, that the steam work was done witli less 
care than had been bestowed upon the horse tillage, and 
the result was that steam came to bo regarded as an 
auxiliary to horse labour rather than as a substitute for it. 
In this capacity it is ca]jable of rendering most valuable 
assistance, for it can bo utilized in moving extensive areas 
of land in a very short time. Accordingly, when a few 
days occur early in the season favourable to the working 
of the land, mucjh of it can be got into a forward condition, 
whilst horses are set free for the lighter oijerations. The 
crops can then lie sown in due time, which in wet years, 
and with the usual teams of horses kejit on a farm, is not 
always practicable. Much advantage arises from the steum- 
working of bastard fallows in summer, and after harvest a 
considerable amount of autumn cultivation can bo done by 
steam jiower, thus materially lightening the work in the 
succeeding spring. On farms of moderate sizti it is usual 
to hire steam tackle as required, the outlay involved in the 
purchase of a set being justifiable only in the cascj of 
estates or of very big farms where, when not engaged in 
ploughing, or in cultivating, or in other work ui»on the 
land, the steam-engine may be employed in threshing, 
chaff-cutting, sawing, and many similar oiierations which 
require j>ower. The labour question again became acute 
in 1900, when owing to the scarcity of liands and the high 
rate of wages, self-binding harvesters were resorted to in 
England for the ingathering of the corn crops to a gn^ater 
extent than ever before. For the same reason i3otato- 
planting and potato-lifting machines were also in greater 
requisition. (w. fr.) 

II. The United States. 

Covering as it does the breadth of the North American 
continent, with 3,000,000 square miles of land surface, not 
including Alaska and the islands, of which 700,000,000 
acres are in farms and 400,000,000 in actual cultivation, 
representing every variety of soil and all the climatic 
life zones of the world, except the extreme boreal and 
the hottest tropical, the United States affords an im- 
portant subject of study in res|3ect of agriculture. Its 
cotton, wheat, and meat are large factors in all markets, 
and its many other agricultural products are distributed 
throughout the civilized world. To the student the equip- 
ment and methods of agriculture in the United States 
form as interesting a subject of examination as do its 
resources and production. In quantity, distribution, and 


inter-relation of heat and moisture — the chief factors in 
agricultural production — the United States is greatly 
blessed. We find in this vast territory all the agricultural 
belts mapped by the biologist, producing all varieties of 

'cereals, fruits, and breeds of live stock. All kinds of soils, 
adapted to different crops, are spread out at all altitudes 
from 8000 feet down to sea-level. The country is ctjually 
fortunate in the character of its farming class. There is 
no peasant class, but the agricultural population is made 
up of the same pt»ople who form the professional and 
mercantile classes. Tlie negroes, who supply the farm 
labour in the Sonthcirn States, are by nature admirably 
suited to these pursuits. The inventive skill of the 
American lias had almost as full scope upon the farm as in 
the shop, with the result that the equipment and methods 
used are well adapted to the conditions. 

The story of the vast and varied agriculture of the 
United States can he most briefly, and, perhaps, best told 
in the figures of the census and other (lovern- 
ment re])orts. Unless some other source is 
mentioned, the statistics in this article are taken from the 
eleventh (1890) census (crops of 1889), or the reports of 
the Dei^artment of Agriculture, whose annual estimates 
are based upon the latest figures. 

As a result of the great supply of available land the 
number of farms in the United States incre^ised between 
1850 and 1890 215 per cent., or from 

1,450,000 to 4,565,000 ; their total acreage 
increased 112 per cent., or from 294,000,000 to 

623.000. 000 acres; their improved acreage increased 
216 per cent., or from 113,000,000 to 358,000,000 acres ; 
and their unimproved acreage 47 per cent., or from 

181.000. 000 to 266,000,000 acres. The following table 
(No. I.) exhibits the increases of number of farms, total and 

I improved acreage, by decades — 


T VBJ.K I. — Percentage of Increase of Number ami Acremje 
of Farms htf Census DecaA.les, 


■ 

Th« UiiitM States. 

1 Nuttil)cr of’ 

1 1 UiUsa. 

■ - - 

Acreage 



ToUl 

lin|irc»veij 

1850 to 1860 

n-i 

38-7 

44-3 

1860 to 1870 

30-1 

0-1 

15-8 

1870 to 1880 


31-5 

50 7 

1880 to 1890 

13*9 

16*2 

2r.*6 

1860 to 1890 

. 1 215*0 

112-3 

216*4 


The largest iiercentage of increase of improved land was 
50*7, from 1870 to 1880 ; the lowest was in the decade 
1860 to 1870, the j)eriod of the Civil war, and was 15*8. 
There was a marked slackening in the increase both of the 
number of farms and of improved land in the last decade, 
when public lands adajited to agriculture had approached 
more nearly the point of complete occupation. The chief 
cause of this wonderful development of agriculture is the 
large area of cheap public lands which has been available 
for immigrants and natives alike. Up to 1897, 529,000 
homestead entries liad been made and finally settled for 
70,397,000 acres of Government land under the Homestead 
Act of 20th May 1862, while the number of entries, both 
final and pending, covered 102,280,000 acres. Between 
1875 and 1897 the public and Indian lands sold for cAsh 
and under homestead and timber culture laws, as well as 
those edlotted by scrip, granted to the colleges of agriculture 
and mechanic arts and other institutions, and by military 
bounty land warrants, and selected by States and railroad 
corporations, covered 300,000,000 acres. In addition to 
this, the States and railroad corporations sold a large 
amount of land to farmers of which we have no accu- 
rate record. This vast territory, greater in extent than 

S. T. — 27 
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Germany and France combined, waft added to the farms 
of the country in twenty-two years. In many cases rail- 
road building has made the settlement of the public lands 
IKiHsible for the first time, and the building of branch 
lines, by providing minins for transjiorting products to 
market, has greatly facilitated the acquisition of other 
lands. The mileage of railways increased 245 per cent, 
lietween 1870 and 181J6. The interesting fact is tlmt 
this increase corresjwnds geograj^hically to the increase in 
farms. 

The agricultural statistics do not include any farm of | 
less than three acres unless it i»roduced at least $500 | 
w'orth of })roducts the jireceding year. The census of j 
1 890 showed that the average size of farms was 1 37 acres, ' 
or three acres more than in 1880 and 66 acres less j 
than in 1850. Within a certain limit the average area of | 
farms i.s determined by the iiiiancial ability of the owners. | 
In this day of farm machines, an owner must have a | 
certain amount of land in order to afford the necessary 
equipment for cultivating it Hucci'ssfully. This fact 
aptiears to liave Htopjjed the further subdivision of farms | 
and to have started a movement towards their consolida- | 
tion. As will be seen from the following table (No. IT.), 
the average? farm, which steadily diminished in siz(‘ from 
1850 to 1880, actually increaw*d slightly between 1880 
and 1890, owing chiefly to the (‘iilargeiiient of tlie wheat 
farms of the west. 

Table 11. - A verafte Acreanjr of FarniH ami Invproved Land 


r 

therein iaf Years 

' A>cinj»c Nuiiibor of A«Tr8 j 


Tli«« United SliitLs 1 

impioved 

Whole Fnrin 

1H.50 

7s 

203 

1860 

' 8u 

198 

1870 

71 

155 

1880 


188 

189(> 

, 1 7s 

137 


The figures tor the average tariii areas of improved land 
represent more truly the aetual eeonoiiiie condition. Thus 
it is instructive to notice that the number ol acres under 
cultivation (improved land) on each farm was on the 
average tlie stunc — 7 8 a(?res - at tlie end of the forty-years 
jieriod as at its beginning. Tin; existence of available 
surplus land has its influence , but the increasing use of 
improved machines and tools, and the construction of 
convenient railroads, ajijiear to be thi‘ chief causes for the 
enlargement of farms. 

In farms cultivated by owmers theif* was an increase 
between 1880 and 1890 of 285,122, or 9*56 ])er <?ent. ; in 
farms rented for money, of 122,. 102, or 41 per cent. ; and 
in farms rented for a sliare of the jiroducts, of 138,010, 
or 19*65 per cent. In 1890, 71 (> nf all the farms were 
cultivated by their owners, as against 71*1 ]>er cent, in 
1880, From 1880 to 1890 the farm tenancy grew from 
25*6 to 28*4 per cent., an increa.se of 2*8 jier cent. The 
steady drift towards farm ttuiancy of late is believed 
to be injurious to jiroduction , but it is iiu])ossible to 
prove this, so great has heiui the aggregate increase in 
products. 

Thf) number of fiersons engaged in agriculture as a 
business in 1890 was 8,395,634, or 37 per cent, of all 
persons in gainful occu]mtioiis. It is interesting 
turmloc- 678,000 of these were women. 

cupmtioaa. This is an increase of nearly 1,000,000 jiersons 
over 1880, or 12*6 per cent. Thus, if the farm 
family is the same size as that of the remainder of the 
population — it is probably slightly larger — the agricultural 
population would be 37 per cent, of the whole. Statis- 


ticians usually put it at 40 per cent., and this is probably 
more nearly correct. 


Table III. — Nun\Jber of Persons of Ten Years of Age and 
over m tlw Different Agricultural Pursuits in 1890. 


Occuiwtion. 

Total Persona. 

Dairymen and women 

Farmers and farm siqieriiitendents . 

Farm labourers 

Gardeners, nurserymen, and viticulturists 

Other pursuits 

17,895 

5,281,567 

8,004,061 

72,601 

19,520 

Total 

8,80.5,634 


The increase in farm tenancy, and e.si)ecially the 
diminished demand for labour relative to products, duo 
to the growing use of machinery, reduced the numlx?r of 
agricultural labourers who work for wages from 49 per 
cent, of all agricultural workers in 1870 to 43*6 in 1880 
and 35*8 in 1890. The wages paid farm labourers, as 
ascertained by the Department of Agriculture, are rather 
low compared with the average wages of labour, but not 
lower than the wages of other unskilled labour. The 
average monthly "wage of the agricultural labourer, with- 
out board, was $19.50 in 1870, $16.42 in 1880, $18.33 
in 1890, and $17.70 in 1895. These wages arc good as 
compared with those earned in Continental countries. 

The ffgures for farm capital and the value of agricul- 
tural products are so vast that it is extremely difficult to 
put them in form to be grasped intelligently. 

The farm ciipital of the United States reported 
by the census of 1890 reached $15,500,000,000, 
the main classes being, in round numliers : — Land, 
fences, and buildings, $13,000,000,000 ; machines and 
imjilements, $500,000,000 : live stock, $2,000,000,000. 
The products of the farms in the censu.s year, 1889, were 
valued at $2,500,000,000. Between 1850 and 1890 the 
aggregate farm capital increa8(?d 303 per cent. ; the value 
of annual products increased between 1870 and 1890, 
15*5 per cent. The greatest increase of farm capital was 
between 1850 and 1860, 101 per (?ent, ; the next was the 
decade 1880 to 1890, when the increase was 29 per cent. 
From 1870 to 1880 the value of farm ])roducts increased 
4 |)er cent. ; from 1880 to 1890, 11 per cent. It is note- 
worthy that “the value of cajiital increased in a much 
greater degree than the value of products.” 

In ortler to j>iit the iacts about tlio crops grown in the 
United States m a form tliat may bo readily understood, Mr 
Holmes ot the Department of Agriculture has conqnited the number 
of railroad freiglit cars of fifteen tons' capacity required to haul 
tlie crops of 1897 and what their length m trains would be. 
Ho tells us that to liaul the liay crop 4,017.933 cars would be 
needed, and the length of the train would be 25,112 miles, or 
more than long enough to encircle the earth at the equator ; for 
the (‘orn crop there must he 3, .">40, 257 cars, making a train 
22,127 miles long ; the wheat crop would take 1,060,000 cars, 
with a total length of 6625 miles, or farther than from New 
York to Cape Horn ; for the oat crop a train of 772,098 cars, 
extending 4826 miles, or from New York to the Congo River ; the 
iiotato crop would take a train of 327,854 cars, and 2046 miles 
long, which would extend from Now York to Utah ; the cotton 
crop would take a train as long as from New York to Chicago, and 
the liarley crop one that W'ould reach from Washington, D.C., to 
Atlanta, Ga. 

The growth of farm area and of capital invested in 
agriculture w'as followed by a proportionate increase in the 
princi])al crops. Between 1 880 and 1*890 the area devoted 
to ea^ croji .increased as follows: — Indian corn (maize), 
15*6 per cent. ; rye, 17*9 per cent. ; oats, 75*4 i)er cent. ; 
barley, 61*2 per, cent. ; cotton, 39*3 per cent. ; sugar-cane, 
20*7 per cent. ; hay, 72*9 per cent. ; and tobacco, 8*8 per 
cent. ; while the area in wheat decreased 5*2 per cent. ; 
buckwheat, 1*3 per cent. ; and rice, 7*4 jier cent. The 
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following table (No. IV.), arranged by Holmes, gives the 
increase or decrease in five principal crops for each 
decade from 1840, when the first census of agricultural 
products was taken, down to 1890 : — 

Table IV . — Percentage of Increase ( + ) or Decream (-) of 
Production of Farm Crope^ by Time Periods. 


The United 
SUtee. 

Itidmn 

Corn. 

Wheat. 

Gata. 

Cotton. 

lobaoco 

1840 to 1850 

-f 56*8 

+ 18-5 

+ 19*1 

+ 56 2 

- 8*9 

1850 to 1860 

+ 41*7 

+ 72-3 

+ 17 -8 

+ 118*2 

+ 117*4 

I860 to 1870 

- 9*3 

+ 66*2 

+ 63*4 

- 44*1 

- 89 b 

1870 to 1880 

+ 130*6 

+ 59*7 

+ 44*6 

4 91*1 

1 + 79*9 

1880 to 1800 

+ 21*0 

+ 1*9 

H 98*4 

4 29*8 

+ .3*3 

1840 to 1800 

+ 462*2 

2 

•+ 557*6 

+ 372*7 

1 +122*8 


The distinguishing feature of the period 1870 to 1880 
is the rate of increase of corn, wheat, cotton, an<l tobacco. 
Since 1870 the i)roduction of nearly all of the farm crf»p8 
increased more rapidly than the population, the most 
absolute proof of the substantial prosperity of the i)eople. 
The increase in population for the fifty years from 1840 
to 1890 was 2(57 iwr cent.; from 1870 to 1880, 30 per 


I cent. ; from 1880 to 1890, 25 per cent. ; but the food and 
! other supplies have far exceeded the demands of even this 
I groat ijopulatiou. 

Until the use of more and cheaiier motors iHsconies 
j>ossible, farm animals must increase w-ith fanning ojK‘ra- 
tions. “At the census of 1890 there were 14,969,467 
horses on fanns, 2,295, «532 mules and asses, 1,117,494 
working oxen, 16,511,950 milch cows, 33,734,128 other 
j cattle, 57,409,583 swine, and 35,935,864 sheep, not including 
' spring lambs , and in the census year the wool clip amounted 
I to 165,449,239 jKiunds, not including pulled wool and wool 
clipped on ranges, which were sufficient, according to the 
I estimates of the dej.)artmeiit, to make the entire wool clip 
I for the census year 276,000,000 pounds. In forty years, 
i from the census of 1850 to that of 1890, the number of 
. horses on farms increased 245*2 p«jr cent. \ mules and 
! asses, 310*4 i»er cent. ; milch cows, 158*6 per cent. ; other 
, cattle, 248 per cent. ; swine, 89*1 per cent. ; sheep, not 
I including spring lambs, 65*4 |)er cent., and the farm wool 
clip increased 215 per cent. ; but working oxen decreased 
34*3 |)er cent.” (^Ilolntes), 

' The following tables give the most important facts with 
regard to the cereal production of thc‘ Unib'd States 
' between 1870 and 1899 (Tables V. and VI.) - 


Table V . — Average Yield and Value of Cereal Crops iti the United States^ by Periods of Ytars^ 

1870 ^.1899. 




Corn 



W*heRt. 



< )ats 

1 

1 

1 hi‘ 1' lull'd States 

Av4‘rage 

Av«raK<* 

Avomjfi* 

Average 

Average 

Average 

Aveiage 

Avenige 

Average : 


Fanil l*noo 

Yield per 

Valu«* jMir 

Farm Trice 

\ lelil per 

Value i>er 

Farm Price 

Yield i»er 

Value per 


IH*r Bualiel. 

Acre. 

Acre 

per BtiMliel. 

Acre 

Acre 

I>er BuhIipI | 

Acre 

Acn* 


Dollars. 

BuMhelH. 

Dollars 

Dollam. 

UiiHhelK 

Dollars. 

Dollars 

Dimhels 

Dollars 

1870 to 1880 . 

0-426 

27*1 

1 1 *54 

1-0.5 

12*4 

13-00 

0-3.53 

28*1 

10-03 

JS80 to 1889 

-.893 

24-1 

9-48 

•827 

12 1 

9-98 

*309 

26*6 

8-22 ' 

1890 to 1896 

•35.5 

24*1 

8 *,5.5 

*658 

13*0 

8 *.54 

•286 

2.5 2 

7-21 1 

1897 


23*8 

6*27 


13-4 

10-86 


27-2 

5-7.5 ! 

1898 . 1 

i 

21-8 

7*10 


15-3 

8-92 


28*4 , 

7 23 1 

1S99 

1 

1 

25-3 



12-3 


1 

30*2 




— 


- 


. . 


- - — 




Table VI. — Average Yield and Value of Cereal Crops in the United States, by Periods of Years, 

1870 /0 1896. 




Barlej . 



H>b. 



Biiekaheat 


'J lie United Hiatt's 

Average 

Average 

1 X \ eragu 

Average 
Farm Price 

Average 

Average 

Average 

Averagi* 

Average* j 


Funn Price 

Yield pel 

: Value jier 

Yield iw*r 

Value istr 

Farm JYire 

Yielil per 

Value per 


per Bushel 

Acre. 

' Acre 

1 

{Mir Bushel 

Am 

Acn* 

jier Bushel 

Acre. 

Am* ' 

1 

Dollars 

Dusliols. 

j Dollars 1 

Dollars. | 

1 Bushels 

Dollars 

Dollars 

1 Bushels 

Dollars, j 

'I870 tol880 . 

0-738 

22-1 

1 16-34 

0 701 ! 

! 14-1 

9 92 

0 715 

1 17*7 1 

12 65 1 

, 1880 to 1889 . 

-.589 

21*7 

1 12-79 

•622 i 

1 11-9 

7-39 

•612 

12 8 1 

8-24 j 

1890 to 1896 . 

•374 

22-8 

! 8-52 

1 1 

•467 

, 13-6 

6-35 

•190 

I _ 1 

1 8-51 


The average farm price of wheat declined, as is shown 
in the above tables, from $1.05 per bushel for the decade 
1870 to 1880 to 6»5*8 cents for the period 1890 to 1896. 
The farm prices of the other cereals declined less during 
the twenty-seven years, (^orn declined from an average 
farm price of 42*6 cents per bushel for 1870-80 to 35*5 
cents in 1890 to 1896. The farm value of wheat per acre 
ranged from $13 in 1870-80 to $8.54 in 1890-1896; 
it then advanced to $10.86 in 1897, and fell to $8,92 in 
1898. In farm value per acre corn averaged $11.54 in 
the decade 1870 to 1880, and $8.55 in 1890-96. The 
other cereals declined in the same manner in value per 
acre. The average production per acre shows nothing 
conclusive with regard to the fertility of the soil of the 
country. The expansion of the crop area usually causes 
a lowering of the average yield per acre by distributing 
the culture, fertilizers, &c., over more surface. Likewise 
the contraction of crop area will usually increase the 
average yield per acre of the entire country. The average 
bushels of wheat per acre was 12*4 in the decade 1870 to 


1 1880, and 13 in the period 1890 to 1896 ; of corn, 27*1 in 
j 1870 to 1880, and 24'1 in 1880 to 1896 continuously. 
I Oats fell off from 28*4 to 25*2 bushels jicr acre from the 
• first to the last period. 

The agricultural returns for 1 890 to 1 899 may be taken 
as an illustration of the cereal production of the United 
States. The figui*e8 for wdieat, oats, and Indian corn are 
j presented in Tables Nos. VI 1., VIII., and IX. 

' The acreage and production of wdieat have steadily 
increased ; the total farm value of the crop ha.s averaged 
$330,000,000 a year for the last ten years. Tlie acreage 
in Indian corn, the great American crop, reached its 
’ highest in 1899, 82,000,000 acres, and its j.roduction its 
, highest fi^re in 1 896, 2,284,000,000 bushels. 

Producing as the IJnited States d(K‘8 so much more 
I than its people can consume, its exports form a large per- 
I centage of some of the crops, as Table X., from the 
j Year Book of the Department of Agriculture for 1897, 
i shows. 

The average percentage of wheat crop exported annually 
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Table VII, — Acreage^ Production^ Value, Prices, and Ex^poris of Wheat in the United States in 1890 to 1899. 


r 

Acreage. 

Average 
Yield per 
Acre. 

Production. 

Average 
Farm Price 
Iier Bnehcl, 
let Dec. 

Farm Value, 
let Dec. 

Cbicag( 

Decei 

Caab Price per Bushel, 
No. 2. 

Domestic Exports, 
including Flour, 
Fiscal Years 
beginning 1st July. 

T«ar. 

mber. 

May of 
following 
Year. 

Low. 

High. 

liOW. 

High. 


Acres. 

Buahela. 

Buehela. 

Centa. 

Dollam. 

CentM. 

Cents. 

Gents. 

Gents. 

Bushels. 

1890 . 

36,087,154 

11*1 

399,262,000 

83*8 

834,773,678 


92f 

98} 

108 

106,181,316 

1891 . 

39,916,897 

15*8 

611,780,000 

83*9 

613,472,711 

898 

938 

80 

858 

225,665,812 

1892 . 

38,554,430 

18*4 

515,949,000 

62*4 

322,111,881 

69i 

73,. 

68} 

768 

191,912,635 

1893 . 

34,629,418 

11*4 

396,131,725 

53*8 

213,171,381 

59i 

644 

528 

608 

164,283,129 

1894 . 

34,882,436 

13*2 

460,267,416 

49*1 

226,902,026 

52} 

638 

60S 

768 

144,812,718 

1895 . 

34,047,332 

13*7 

467,102,947 

60*9 

237,938,998 

63$ 

648 

57i 

678 

126,443,968 

1896 . 

34,618,646 

12*4 

427,684,346 

72*6 

810,602,639 

741 

93$ 

688 

97J 

145,124,972 

1897 . 

39,465,066 

13*4 

530,149,168 

80*8 

428,647,121 

92 

109 

117 

185 

217,306,005 

1898 , 

44,055,278 

15*3 

675,148,705 

58*2 

392,770,320 

628 

70 

688 

798 

222,694,920 

1899 . 

44,592,516 

12*3 

547,303,846 

58*4 

319,646,269 

64 

698 

... 

... 

... 


Table VIII. — Acreage, Production, Value, Prices, and Exports of Oats in the United States in 1890 to 1899. 


Year. 

Acreage. 

Average 
Vield jwr 
Acre. 

Production. 

Average 
Farm Price 
]»cr Buehcl, 
lat Dec. 

Farm Value, 

1st Dec. 

Chicago Cash Price per Bushel, 
No. 2. 

Domestic Ex* 
ports, Including 
Oatmeal, Fiscal 
Years beginning 
Ist July. 

Imports 
during Fiscal 
Years begin* 
uing 

Ist July.i 

December. 

May of 
following 
Year. 

Low. 

High. 

Low. 

High. 


Acres. 

BuHhelH 

BuhIicIh. 

Cents. 

Dollars. 

Cents. 

Cents. 

Cents. 

Cents 

Bushels 

Bushels. 

1890 

26,431,369 

19-8 

r>3;t,62i,ooo 

12*4 

222,048,486 

m 

43^ 

458 

54 

1,382,836 

41,848 

1801 

25,581,861 

28 9 

738,394,000 

! 31 *5 

232,312,267 

31i 

m 

28} 

33} 

10,586,644 

47,782 

1892 

27,063,835 

24*4 

661,036,000 

31*7 

209,253,611 

5461 

818 

288 

32} 

2,700,793 

49,433 

1893 

27,273,033 

23*4 

638, 864, 860 

29*4 

187,576,092 

27i 

29} 

32! 

36 

6,290,229 

31,759 

1894 

27,023,553 

24*5 

662,036,928 

32*4 

214,816,920 

28| 

298 

278 

308 

1,708,824 

330,317 

1895 

27,878,406 

29 6 

824,443,537 

19*9 

163,655,068 

168 

17} 

18 

m 

15,156,618 

66,602 

1896 

27,565,985 

25 7 

707,346,404 

18*7 

132,485,033 

16i 

188 

16i 

188 

37,725,083 

893,908 

1897 

25,730,375 

27*2 

698,767,809 

21*2 

147,974,719 

21 

231 

26 

32 

73,880,307 

26,093 

1898 

25,777,110 

28*4 

720,906,643 

25*6 

186,406,364 

26 

278 

24 

278 

33,534,264 

28,098 

1899 

26,341,380 < 

30*2 

796,177,713 1 

24*9 

198,167,975 

228 

23 



1 

* 1 

... 


^ III years 1806 and 1884 to 1899, inclusive, oatmeal is included. 


Table IX. —Acreage, Prodvctim, Value, Prices, and Exports of Com in the United States in 1890 to 1899, 


Year. 

Acreage 

Average 
VIcUi i>er 
Acre 

Production. 

Average 
Farm Price 
])er Bushel, 
Ist INX!. 

Fanu Value, 
let Dec. 

Chicago Cash P; 

No 

December. 

TjOW. I High. 

rice per Bushel, 

. 2. 

May of 
following 
Year. 

Low. 1 High 

Domestic Enmrts, 
including Corn 
Meal, Fiscal Years 
beginning 1st July. 

1890 . 

Acres 

liiishelH. 

Bushels. 

Cents. 

Dollars. 

Cents. 

1 Gouts 

Cents. 

Cents. 

Bushels. 

71,970,703 

20*7 

1,489,970,000 

60*6 

754.438,451 

47^ 

53 


55 

69^ 

32,041,529 

1891 . 

76,204,515 

27*0 

2,060,154,000 

40*6 

836,439,228 

398 

59 


40} 

100 

76,602,285 

47,121,894 

1892 . 

70,626,658 

23-1 

1,628,464,000 

39-4 

642,146,630 

40 

42, 

1 

39^ 

44i 

1893 . 

72,036,465 

22*5 

1,619,496,131 

1,212,770,052 

36*5 

591,626,627 

34i 

36i 


36} 

38i 

66,489,529 

1894 . 

62,582,269 

19 '4 

45*7 

554,719,162 

441 

47i 


47} 

56} 

28,585,405 

1896 . 

82,075,830 

81,027,156 

26*2 

2,161,138,580 

26*3 

544,985,534 

25 

20: 


27i 

2o! 

101,100,376 

1896 . 

28-2 

2,283,875,165 

21*6 

491,006,967 

22i 

2.^ 

23 

25i 

178,817,417 

1897 . 

80,095,051 

23-8 

1,902,967,933 

26*3 

501,072,952 

25 

27} 

»2i 

37 

212,055,543 

1898 . 

77,721,781 

24*8 

1,924,184,660 

28*7 

552,023,428 

33| 

38 


32} 

34| 

177,265,046 

1899 . 

82,108,587 

25*3 

2,078,143,933 

30*3 

629,210,110 

30 

1 1 

... 


Table X. — Percentage of Crops Exported, Avei'ages 
for Period 1878 to 1896. 



1878-82. 

1888-1)2 

1804-90. 

Wheat . 

27*84 

17*68 

15*96 

Corn 

4*82 

3*49 

5*39 

Ryo 

10*30 


12*21 

Oats 

•37 

•80 

2*22 

Barley . 

1 *55 


12*96 

Potatoes 

•37 


*80 

Tobacco . 

55*84 


67*42 

Cotton . 

72*80 

66*79 

73*60 


from 1894 to 1896 waa 16 ; of corn, 5*4 ; of rye, 12*2 ; of 


barley, 13 ; of tobacco, 67*4 ; of cotton, 73*6. Large 
{lortioQs of some of these crops, like corn and oats, are 
ex|)orted in the form of animals and animal products 
(meats, lard, hides, <kc.). The hay crop is almost entirely 
used in this way, and the tendency is to convert more and 
more of these crops into these higher-priced products. 
Still, the time is far distant when domestic consumption 
will come anywhere near overtaking domestic production, 
especially of wheat and the other cereals. The certain 
extension of ^reage with the growth of demand and price, 
the increased use of agricultural implements, and the im- 
provement of methods will be sure to keep up a large 
surplus for export for long years to come. The Depart- 
ment of Agriculture has found that for home use there is 
required per caput 5*5 bushels of wheat, 28*6 bushels of 
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corn, and 10'7 bushels of oats, the computations being 
made from the figures for population, production, and 
exports for 1888 to 1892. The following numl^r of 
acres in these crops are required, therefore, to supply the 
home demand: — 0*43 of 1 acre in wheat, 1*15 acre in 
corn, and 0*43 acre in oats per head of the population. 
If we take the year 1890 as an illustration, this gave a 
surplus area in wheat of 11,264,478 acres, of 2,648,404 
acres in com, and of 238,162 acres in oats. 

There were 4,008,907 farms in the United States in 
1880, and in 1890 there were 4,564,641, an increase of 
13*9 per cent. Li 1880 the average number of horses to 
Number fsiTui was 2*8, and in 1890, 3*1. In 1880 

mud rmiue there was an average of 0*4 mule per farm in 
ufmuimmie the United States, and in 1890 the number had 
per term, increased to 0*5. There were on the average 
three milch cows on each farm in 1880, and in 1890 the 
number had increased to 3*5. The number of other cattle 
per farm was 5*3 in 1880, and in 1890 it was 8*1. The 
average number of sheep fell from 10*2 in 1880 to 9*7 in 
1890. There was a corresjionding decrease in value. The 
numlxsr of swine rose from 8*5 in 1880 to 11*3 in 1890. 
There were on the average farm in the United States in 
1880, 30*2 animals, whose total value was $393, and in 
1890 there were 36 ‘2 animals valued at $529, an increase 
in numbers of 19*9 per cent., more than keeping pace with 
the increase in number of farms, which was 13*9 per cent.; 
and in value the increase was $136, or 34*6 per cent.^ 

Table XI. shows the average number and value of 
animals on farms in the United States in 1880 and 1890, 
with the percentage of increase or decrease during the 
decade. 

In 1880 there were 23 horses to each 100 of popula- 
tion in the United States. The number increased to 25 
in 1893, and declined to 21 in 1896. For the deciide 
1880-90 the average was 21^, and for the j^eriod 1890-98 
the average was 23. The average value of horses per 100 
of ])opulation for the ten -years period 1880-90 was 
$1462, and for the period 1890-98 $1300. In 1880 
there were 3 mules for each 100 of jiopulation, and after 
increasing to 4 in 1894 it fell to 3 in 1899. The value 
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of mules per 100 of population increased from $214 in 
1880 to $296 in 1889, and declined steadily to $150 in 
1898. Since the war with Spain there has b^«n a marked 
increase in value, which still continues. Between 1880 
and 1890 there were about 25 milch cows for every 
100 of population. After 1890 the number increased to 
26, and in 1896 fell oflf to 23. The average value of cows 
per 100 of {xipulation increased steadily from $665 in 
1890 to $780 in 1884, but decreased to $520 in 1898. 
The latest reports indicate a marked increase again. The 


Table XI . — Average Number ami Value of Aninveds }ter 
Farm m t/ie United A^tates in 1880 and 1890, and 
Percentage of Increase or Decrease, 



18H0 

1890. 

IVrccutaKe of 
increase (+) or 

Aiilinali* 





decrease (-). 


NuinltHr 

Vului* 

Number 

Value 

Number, 

Value 

Horses 

2*8 


3T 

$214 

+ 10-7 

439*9 

Mules 

0*1 

26 

0*5 

40 

•4 25*0 

4 53*8 

Milch cows . 

3 0 

70 

3*5 

77 

+ 16*7 

410*0 

Other cattle 

5*3 

85 

8 1 

123 

4 52*8 

4 44*7 

Sheej) . 

10-2 

23 

! 9-7 

22 

- 4*9 

- 4*3 

Swine . 

8*5 

36 

j 11*3 

.53 

4 32*9 

4 47*2 

Total 

30*2 

393 

1 36 2 

529 

419*9 

1 

4 34*6 


number of sheep in protwrtion to i)opulation increAsed 
from 82 per 100 in 1880 to 93 in 1884, from which there 
was a steady decrease to 53 in 1898. The values increased 
from $182 ];)er 100 of population in 1880 to $234 in 1883^ 
from which there was a downw'ard movement, reaching the 
lowest point, $92, in 1896. The number of swine per 100 
of population commenced with 69 in 1880 and reached 
their highest point, 85, in 1882, then decreased to 75 in 
1888, and to 63 in 1898. The values started at $295 in 
1880, went up to $550 per 100 in 1883, and then declined 
to $270 in 1898. The total value of all farm animals 
per 100 of population increased from $3185 in 1880 to 
the highest point, $4454, in 1884, from which there was 
a steady decrease to $2300 in 1898. The following tabIe^ 
(XII. and XIII.) give the number, total value, and average 
price of farm animals in 1880, 1890, and 1900 : — 
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Table XII . — Number and Value of Farm Animals in the United States^ 1880 to 1900. 


January 

i. 

UorsoH 

Mules. 

Milch CoWK 

Number. 

Value. 

Numlwr. 

Value. 

1|105,948,319 

182,394,099 

111,717,002 

Number 

Value 

$279,809,420 

35*2,152,133 

514,812,106 

1880 

1890 

1900 

11,201,800 

14,213,837 

13,537,524 

$613,296,611 

978,516,562 

603,969,442 

1,729,500 

2.331.027 

2.086.027 

12,027,000 

15,9.52,883 

16,292,360 


January 

1. 

Other Cattle. 

Sheep. 

Swine. 

Tctal Value of 
Farm Animals 

Numlier. 

Value. 

Number. 

Value 

Number. 

Value. 

Tssb’ 

1890 

1900 

21,231,000 

36,849,024 

27,610,054 

$341,761,154 

560,626,137 

689,486,260 

40,765,900 

44,336,072 

41,883,065 

$00,230,537 

100,669,761 

122,665,913 

34,034,100 

51,602,780 

$145,781,515 

213,418,336 

$1,576,917,556 
2,418,766,028 
a2, 042, 650, 813 


a Exclusive of swiue. 


Table XIII . — Average Value of Farm Animals in the 
United States on \st Janua,ry^ 1880 to 1900, 


Tear. 

Horses. 

Mules. 

Milch 

Cows. 

Other 

Cattle. 

Sheep. 

Swine. 

1880 . 

1890 . 

1900 . 

$54.75 

68.84 

44.61 

$61.26 

78.25 

58.56 

$23.27 

22.14 

31.60 

$16.10 

1.5.21 

24.97 

$2.21 

2.27 

2.93 

$4.28 

4.7*2 


Since the Civil War the number of horses has increased 
and prices have gradually declined. In 1893 the number 


^ Condensed firom Report of the Division of Statistics of the U.S. 
Dept, of Agrioultnre, 1899. 


of horses nwiched the highest figure, 16,206,802, an 
increase of over 5,005,002, or 44*6 per cent, over the 
number in 1880. The average farm price of horses 
increased from $54.75 in 1880 to $74.64 in 1884, after 
which there was an uninterrupted decrease to $31.51 iu 
1896. The extension of street-car lines, and the substitu- 
tion of cable and electric jiower for that of horses, and the 
use of bicycles have lieen factors in decreasing the defhand 
for these animals. The record for mules has been parallel 
to that for horses. 

The returns for milch cows show an increase throughout 
the period 1880-99 in every year, with the exception of 
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1895 to 1899. For the first ten years the numbers 
increased 32*6 per cent., and from 1890 to 1899, *2 per 
cent. The total value of milch cows increased each year 
until 1884, then decreased until 1891, with a gradual 
increase until the end of the period. The farm price of 
milch cows rose from $23.27 in 1880 to $31.37 in 1884, 
then fell to $21.40 in 1892, after which there was a steady 
increase to $31.60 in 1899. 

No marked changes in the numbers of sheep have taken 
place. During the period 1880-90 there was an increase 
in numbers amounting to about 8*8 \}qt cent. Since 1893 
there has been a ratli(T steady decrease, with fluctuations 
amounting to a marked depression after 1894. This 
industry is very susceptible to adverse influences, and felt 
keenly the depression in the price of wool. The increase 
coiiiinenced again in 1898, and numbers have gone up for 
two years. 

The numbers and values of swine constantly fluctuate 
with the movement and value of the corn crops. The 
returns for 1890 showed a numerical increase of 51*6 per 
coat, over those of 1880 ; then followed a steady decrease 
in numbers down to 1897, since which time there has been 
a slight increase. The movement in values was similar to 
that in numbers. From $4.28 in 1880, the average farm 
price of hogs increased steadily to $6.75 in 1883. The 
lowest figure, $4.15, was reached in 1891, and after 
Jiurnerous fluctuations it became $4.10 in 1899. 

The total value of farm animals had a steady increase 
from 1880 to 1890, with sliglit variations in 1885 and 


1886. Following 1890 there has been a steady decrease 
down to the present time, with the exception of slight 
increases in 1892 and 1893. In 1880 the total value of 
farm animals in the United States was $1,576,917,556. 
In 1890 it had increased to $2,418,766,028, or 53*4 per 
cent. In 1896 the value had decreased to $1,727,926,084, 
or 28*6 per cent., from the 1890 values, and an increase of 
9*6 per cent, over those of 1880. 

The exports of live stock and its products have increased 
enormously in recent years, both in quantity and value. 
This is especially true of the exportation of beef, cattle, 
ami meat products. The exports of cattle increased from 
182,750 in 1880 to 331,720 in 1895, or 81^ jKjr cent., 
and values from $13,340,000 in 1880 to $30,600,000 in 
1895, an increase of 129 per cent. The average value of 
cattle exported has increased from $19 in 1870 to $73 in 
1880 and $92 in 1895. It must h& said, however, that 
only the best and heaviest cattle are exported, which com- 
mand a much higher price than the average of the 
country. 

The total value of farm animals exported from the United 
States has fluctuated greatly. On the whole, however, 
the value has increased from $16,000,000 in round 
numbers, in 1880, to nearly $36,000,000 in 1895, or 125 
per cent. The following table (No. XIV.), compiled from 
statistics of the United States Treasury Department, shows, 
by years, the number and value of each kind of live animal 
exported between 1880 and 1895, inclusive. 

The exports of meat products of all kinds, including 


Taiilk XIV. - Nurfidf'r and Value of Farm Aninmh eocjiorted from the United States^ by years^ 1880 to 1895. 


V«iar 

niKiitig 

30 tli 

Jtiru* 


1880 

1881 

18S!i 

1888 

1881 

1885 

1880 

1887 

1888 

1889 

1890 

1891 

1892 

1893 

1894 
189i) 


]l(jrHc8 

NiiuiIht I NaliK* 
3,00U 

2 . r» 2 ’J 
2,218 
2,800 
2,721 
1,947 
1,010 
1,611 
2,203 
3,748 

3, :i0l 
3,1 10 
3,220 
2,907 
0,210 

19,981 


$070,130 

390,243 

470,183 

475,800 

424,317 

377,092 

348,323 

3.51.007 
412,771 

592.409 

080.410 
784,908 
011,188 

718.007 
1,108,995 
2,209,298 


MuIhh j 

Ninub“i I V.iliu Number 


(*attlu 


5,198 
3,207 
2,032 
4,237 
3,712 
1,028 
1,191 
1,754 
2,971 
2,980 
•J,5I4 
2,181 
1,905 
1,011 
2,00 J 
2,515 


$532,302 
353,924 
320,130 
480,500 
490 809 
127,580 
118,711 
214,738 
378,705 
350,333 
417,108 
278,658 
238,591 
210,278 
240,901 
180,152 


182,750 

185,707 

108,110 

104,444 

190,518 

135,890 

119,005 

100,459 

140,208 

205,786 

394,830 

374,079 

394,007 

287,091 

359,278 

331,722 


Valuo. 


$18,344,195 

14,304,103 

7,800,227 

8,341,431 

17,856,495 

12,906,690 

10,958,954 

9,172,136 

11..577,578 

10,616,917 

31,261,131 

30,445,249 

35,099,095 

20,032,428 

33,401,922 

30,003,796 


Ninii ber 


209,137 

179,919 

139,670 

337,251 

273,874 

234,509 

177,594 

121,701 

143,817 

128,852 

07,521 

60,947 

46,960 

37,200 

132,370 

405,718 


Value. 


$892,047 

702,932 

603,778 

1,154,856 

8.50,110 

512,508 

329,844 

254,725 

280,490 

366,181 

213,077 

201,109 

101,105 

120,391 

832,763 

2,030,080 


Hv, me 

Number.! Value. 


83,434 

77,450 

30,368 

10,129 

40.382 
.55,025 
74,187 

75.383 
23,755 
45,128 
91,148 
95,054 
31,90.} 
27,375 

1,5.53 

7,130 


$421,089 

572,138 

509,651 

272,61r3 

627,480 

679,183 

074,297 

564,753 

193,017 

356,704 

909,042 

1,140,630 

364,081 

397,102 

14,7.53 

72,424 


Total 

Value, 


|$li),8b.>,432 

10. . 383. 340 
0,703,969 

10,731,169 
20,248,247 
14,503,713 
12,460,129 
10,557,9.59 
12,812,024 
18,288,064 
33,540,708 
32, 910, .554 
30,474,000 
27,481,809 

35.0. 59.394 
35,702,650 


C4iiined meats and oleomarg.irine, are subject to consider- 
able fluctuation, both in (piantity and value, rendering it 
impossible to describe them in a few words. The ex- 
ports of beef products, which amounted to 2 4 1,000, 000 
pounds, in round numbers, in 1S80, increased, with 
fluctuations, to a maximum of 507,000,000 pounds in 
1891, since which time they have decreased to 345,000,000 
]>oun(ls in 1895. The values of beef jiroducts ex]K)rUHl 
from the country fell from $20,000,000 in 1880 to 
a minimum of $15,000,000 in 1887, and reached a 
maximum value of $35, 000, 000 in 1891. Tht^ value of 
beef products exported m 1895 wa.s .$27,000,000, in 
round numbers. The exports of liog products have varied 
iu a similar maimer from 1,230,000,000 pounds in 1880 
down to a minimum of 715,000,000 ])ouiids in 1884, 
reaching 1,160,000,000 pounds in 1890. The exports 
for 1895 were 1,090,000,000 jHiunds. Values have varied 
in a similar manner from a maximum of $105,000,000 in 
1881 down to $57,000,000 in 1886, and back up to 
$93,000,000 in 1894. The exjKirts of mutton show a 
marked decrease, both in quantity and values. Starting 


from a maximum of 3,380,000 ixiunchs in 1881, they have 
decreased, with many fluctuations, to 101,000 pounds in 
1892, but increased suddenly to 2,200,000 pounds in 
1894, since which time they have fallen oflf again. The 
values of these exports fell from $258,000 in 1881 to 
$9000 in 1892, and increased to $174,000 in 1894. The 
exports of oleomargarine were first regularly reported in 
1884, and have increased, on the whole, from 40,000,000 
})ounds iu 1884 to 127,000,000 {louiids in 1894, and in 
values from $1,800,000 iu 1884 to $12,400,000 in 1894. 
The total value of ex^iorted meat products, including 
chinned goods and oleomargarine, bias increased from 
$111,000,000 in 1880 to $134,000,000 in 1894 and 
$125,400,000 in 1895. The increase for the entire period 
was about $14,480,000, or 13 per cent. 

The facts .with regard to the production, imports, 
exports, and consumption of wool in the United States 
are presented in 79*ble XV., compiled from estimates from 
the Department of Agriculture and the reports of the 
bureau of statistics of the Treasury Department. The 
production of wool shows an increase, with fluctuations, 
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from 23295OO9OOO pounds in 1880 to 309,748,000 pounds 
in 1895, an increase of 33 per cent. The imijorts show 
numerous fluctuations^ both in quantities and values. 
The total value of the imports of wool in 1895 was 
$25,556,421. The exports of domestic wool show an 
enormous increase, with numerous violent fluctuations, 
especially in recent years. Starting with 191,551 ]>ounds 
in 1880, valued at $71,987, these exports increascxl in 


1895 to 4,279,109 pounds, valued at $484,463, an in- 
crease of 2000 per cent, for quantity and 570 per cent, 
for value. The exports of foreign wool also show numer- 
ous fluctuations. Their lowest value was in 1884— 
$343,456, and their highest in 1881 — $991,407. The 
consumption of wool in the United States has increased 
from 356,791,676 pounds in 1880 to 509,159,716 pounds 
in 1895, an increase of nearly 43 per cent. 


Table XV. — Production, ImptjrUj Exports^ ami Conmmption of Wool in the United iState^j hy years^ 1880 to 1895. 


Ynar exuUng 
90 th Jutio. 


1880 

1881 

1882 

1883 

1884 

1885 

1886 

1887 

1888 

1889 

1890 

1891 
1802 
1803 

1894 

1895 


I'Tcxliiction. 


PoUDllH. 

232.500.000 

240.000. 000 

272.000. 000 

290.000. 000 

300.000. 000 
308,000,000 

302.000. 000 

285.000. 000 

269.000. 000 

265.000. 000 

276.000. 000 

285.000. 000 

294.000. 000 

803.153.000 

298.0. 57.384 

309.748.000 


ImportM. 


ExiiOriit of Doiiiontic. 


quantity 


PouiidM. 

128,131,747 

55,964,236 

67,861,744 

70,575,478 

78,350,651 

70,696,170 

129,084,958 

114,038,030 

113,5.58,753 

126,487,729 

105,431,285 

129,303,648 

148,670,832 

172,433,838 

5.5,1.52,585 

206,033,906 


Vnliiu. 

Dollarx. 

23,727,650 

9,703,968 

11,096,050 

10,949,331 

12.384,709 

8,879,923 

16,746,081 

16,424,479 

1.5,887,217 

17,974,515 

15,264,083 

18,231,372 

19,688,108 

21,064,180 

6,107,438 

25,5.56,421 


Quantity 


Value 


ruuntlM 

191,5.51 

71,455 

116,179 

64,474 

10,393 

88,006 

146,423 

257,940 

22,164 

141,576 

231,042 

291,922 

202,456 

91,858 

520,217 

4,279,109 


Dollara. 

71,987 

19,217 

37,327 

22,111 

3,073 

16,739 

19,625 

78,002 

6,272 

23,065 

33,543 

39,423 

30,664 

14,808 

90,676 

484,463 


Quautit> . 


Poimda. 

8,648,520 

5,507,534 

3,831,836 

4,010,043 

2,304,701 

3,115,339 

6,534,426 

6,728,292 

4,359,731 

3,263,094 

3,288,467 

2,638,123 

3,007,563 

4,218,637 

5,977,407 

2,343,081 


Porflipn 

Value 

Dollani. 

637,586 

991,407 

670,503 

664,160 

343,456 

516,019 

759,142 

824,770 

626,808 

460,660 

556,473 

361,260 

403,531 

516,470 

824,882 

294,100 


Totel 

Quantity. 


PuundH. 

8,840,071 

6,578,989 

3.948.015 
4,074,517 
2,315,094 
3,203,345 
6,680,849 
6,986,232 
4,381,895 
3,404,670 
3,51 9, .509 

2.930.015 
3,210,019 
4,310,195 
6,497,654 
6,622,190 


IxtHirtH. 


Valu4* 

UullurK 
709,573 
1,010,624 
707,830 
686,274 
346, .529 
532,758 
779,067 
902,772 
632,140 
483,626 
590,016 
400,683 
434,195 
530,278 
91.5,558 
778,563 


Uetainnd for 
CuiiMuiiiption. 


PouxkIb. 

3.56,791,676 

290,385,247 

33.5,913,729 

356,500,961 

376,085,f)67 

375,392,825 

424,404,109 

392,051,798 

378,176,858 

388,083,059 

377,911,776 

411,373,603 

439,460,813 

471,276,343 

346,712,315 

509,159,716 


American Wheat-P’arming. 

That wonderful agricultural region, extending from the 
international line on the north to the 37th i)arallel, and 
from the Atlantic Ocean to the 100th meridian, and com- 
prising 26 States, produces 76 per cent, of the American 
whtsat crop. This region, which contains only 30 j)cr 
cent, of the land surface of the country, but einliraces 
60 jier cent, of its total farm area and 70 i)cr cent, of its 
improved farm acre^ige, is the greatest cereal - producing 
region of the world. Besides wheat, it jiroduces 82 j>er 
cent, of the total corn croj), 91 per cent, of the total oat 
croj), and 83 per cent, of the total hay croi> of the United 
Stjites. The methods pursued in the eastern jiortion of 
this region are similar to those used iu other jiarts of the 
world ; but in the north-western portion wlieat-growing is 
carried on on a gigantic scale, and by methods almost 
unknown anywhere else. The best illustrations of the 
great or “ bonanza ” wheat farms, as they are chilled, are 
found along the lied lliver of the North, where it flows 
between th(j States of North Dakota and Minnesoti. 

The wheat grown in the United States is of two distinct 
kinds. One is the large-kernel winter wheat of the <‘astern 
States ; the other is the liard spring wheat. The “ blue 
stem” or the “ Scotch- Fife ” are native varieties of the 
latter kind grown in Minnesota and the two Dakotiis. 
For flour-making this wheat is considered the best in the 
world. During the season of 1899 the product of liard 
spring wheat amounted to nearly 250,000,000 bushels, or 
two-fifths of the entire wheat product of the United States. 
Of this, Minnesota and the two Dakotas alone produced 

200.000. 000 bushels. Minnesota is the greatest wheat- 
producing State in the Union. Her fields in 1809 covered 

5.000. 000 acres, and she produced nearly 80,000,000 
bushels, which is twice tho entire }>roduction of all Australhi, 
and more than that of Great Britain and Ireland put 
together. In Minnesota and the Dakotas the farms are 
devoted almost exclusively to wheat - growing. Many of 
them contain from 3000 to 10,000 acres. All operations 
on farms of this size must be carried on upon a gigantic 
scale. The country is a very level one, making it possible 
to use all kinds of machinery with great success. As 


f there are no mountains or swamps, there is here very little 
waste land, and every square foot of the vast wheat fields 
can be made productive. 

The first characteristic of a “ bonanza ” wheat farm is 
the machinery. The smallest agneiiltural imi)lemeut used 
upon them is a plough, and the hugest is the 
elevator. A hoe or a spade is almost unkiii>wu. 

Between these two there are machines of all 
sizes adapUid to the needs of the ])articular work. Let us 
assume the conditions 2>revailing u]»ou a bonanza farm of 
5000 acres, and briefly describe the process of wheat ]>ro- 
duction from the ])lQUghiug of the land to the delivery of 
the grain in the final market. These great wheat farms 
were established ui>on new lands sold directly to capitalists 
by the railroads. The lands became thcj proiHirty of the 
railroads largely through Government grants, and they 
attracted capitalists, who bought them in large bodies 
and at low ])rices. The improvements made upon them 
consist of the cheap wooden dwellings for the managers, 
dormitories and dining-halls for the men, stables for the 
horses, and sheds and workshops for re]»airiiig machinery. 
Very little of the land is under fence. Since the desirable 
lands of tho country have been oecu]>ied, the prices of tLe.se 
lands have advanced slowly, with the result that tlio big 
farms are being divided uj) into small holdings. After a 
generation or two, if land continues to rise in the inaiket 
as it has recently, the bonanza farms wull become a thing 
of the ]iast. At jiresout the best of these lands in the 
valley of the Red River of the North are worth from $25 
to $30 an acre. The inqirovements upon them add about 
$5 an acre more. A farm is not considtued a big one 
unless it contains from 2000 to 10,000 acres at least. 
There are, of course, many small farmers, owning from 
two to five sections (640 acres in each section), but their 
methods are more like those of the small farmers iu tlie 
eastern United States or on the continent of Europe. It 
is neces.sary to own a large body of land 111 order to be 
able to use the machinery and ineth^Hls here described. 
It is hard to convey a just notion of the size of thera 
farms. They stretch away as far as the t ye can reach in 
every direction, making it difficult even for the visitor to 
conceive their size. The distances across wheat fields are 
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80 great that even horseback communication is too alow. 
The farms are separated into divisions, and lodging-houses 
and dining-halls and bams are scatter^ over them, so as 
to keep the workmen and teams near the scene of their 
labour. The men living at one end of the farm may not 
see those at the other for months at a time. Even then 
it is necessary to take the meals to the men in the fields 
rather than allow them to walk or ride to the dining-halls. 
It is not an unusual thing for a working crew to find 
themselves at the dinner hour two miles from their hall. 

First, after burning the old straw of tlie jirevious year — 
which is re«.l labour in itself, so enormous is its bulk — 
PI hi ploughing. This begins in October. 

ouz plough used has a Ifi-incTi share, turns two 

fiirrows, and is drawn by five horses, liach plough covers 
about 250 acres in a season, travelling an average of 20 
mihis a day. The ploughing begins in (.Ictober, and con- 
tinues a month or six weeks, according to the season. The 
plf»ughs are tlriven in “ gangs ” under the eye of a super- 
intendent, who rides with them. From (*ight to ten of 
these {iloughs follow mch other around the vast section. 
It one stands a few rods ahead of tln^m they seem to bo 
following one anotluT in a line ; but, if one sbinds to the 
right of the “gang,” one siies that the line is broken, and 
that the second plough is a width farther in the field than 
the leader, and so on f(»r the entire number. Experience 
shows tliat it costs abemt 70 cents an acre to plough the 
laud in this way. About forty men are ciuphjyed upon a 
farm of 5000 acres during the i»loughing season. The 
men are jiaid by the month, and receive about 1^25, includ- 
ing their board. Tht'y breakfast at five o^clock, take an 
hour for their dinner at noon —usually in the field --and 
have their suj>j>er at seven. At the end of the ploughing 
season these ])artieular men are usually discharge. Only 
eight or ton arc kept on a farm of this size throughout the 
year. The other men go hick to their homes or to the 
factories in the cities, wli<»re they await the liarvesting and 
threshing season. The eight or ten who remain upon the 
farm are employed in doing odd jobs, such as overhauling 
machinery, or helping the carpenter and blacksmith, or 
looking after tlie horses. The wheat region is a country 
of heavy snows, and of st'vere, dry cold ; but whtm March 
comes the snows begin to melt away, and by April the 
ploughed land is dry enough for the harrow. The harrow- 
ing is done with 25-foot liarrows, drawn by four horses, 
and operated by a singh* man. One man can harrow 60 
to 7 5 acres a day. 

The seeding follows immediately with four-horse press 
drills that cover 1 2 feet. The liarrows and drills are worked 
in “ gangs ” as the ploughs were. Each drill will 
go from 20 to 25 miles a day. When the 
weather is good the seeding upon a 5000-acre farm will 
be done in twenty or twenty -five days. It is usual to 
seed a bushel and a i>eck of wheat to the acre. The wheat 
used for this purpose is carefully selected after the harvest 
of the previous year, and is thoroughly cleaned of foreign 
seeds. Through years of cultivation, varieties of wheat 
have been produced which are jiarticulaiiy well adapted to 
the soil and climate of this region. It has been found 
more profitable to use the native “ blue stem ” or “ Scotch- 
Fife ” wheat than the seed from any other country, or even 
from the neighbouring States. Counting the seed, wheat, 
and the labour, it costs about $1 an aero to harrow the 
ground and plant the wheat. 

When the planting is done the extra labourers are dis- 
charged again, and the regular ones are j»ut to work on 
the com, oats, and millet, which are grown to 
Labour, horses. The men who do the most im- 

portant work are all temporary labourers. They come 
from the cities of the east or the farms of the south. 


[umrsD 

They begin with the early harvest in Oklahoma, and work 
northwards up the Missouri and the Bed Biver until the 
season closes in Manitoba. They are not tramps, but 
steady, industrious men, with feyr bad habits and few 
ambitions. On well-managed farms drinking and gambling 
are strictly forbidden. The work is hard, and, as there 
are few amusements of the farm, the men spend their 
resting periods in sleep. Their dormitories are usually 
comfortably furnished, their dining-halls clean. The 
bonanza farmers find it good policy to feed their men 
well. Many a strike has occurred in the midst of the 
harvest because the quality or quantity of the food served 
was not wliat it ought to liave been. The largest part 
of this food is brought from the eastern States. Some 
potatoes, turnips, and beans are grown upon the farms ; 
but the corned beef, bacon, and groceries come from the 
cities. It is estimati^ that it costs 35 cents a day to feed 
each labourer. Farmers say that a good name in these 
respects enables them to get the choice of workmen, and 
tliat no money brings such sure returns as that expended 
in the bedrooms and upon the food. 

The harvest labourers begin to arrive from the south 
about the middle of July, and by the end of this month 
the harvest is at its height. A farm of 5000 
acres will use 75 or 100 extra men. With the hml^eat, 
men comes the new machinery in train loads. 

It is estimated tliat at least $5,000,000 worth of agricul- 
tural machines is annually sold in this region. The wheat 
farmers say that it does not jiay to take undue care of old 
machinery, that more money is lost in repairing and tinker- 
ing an old machine than would pay for a new one. The 
result is that new machinery is bought in very large quan- 
tities, used until it is worn out or cannot be repaired 
without considerable work, and then left in the fields to 
rust. Heaps of cast-iron can be seen already upon many 
of the large farms. Of course a great many extra |mrts 
are bought to take the place of those which break most 
frequently, and some men are always kept at work rejiair- 
ing machines in the field. One of the big 10,000-acre 
farms will use up two car-loads of twine in a single harvest, 
enough to lay a line around the whole coast of England, 
Ireland, and Scotland. The harvesters vary in size accord- 
ing to the character of the land. Upon the rougher ground 
and small farms the ordinary binders are used ; upon the 
great plains, like those of California, a great harvester 
is used, which has a cutting line 52 feet wide. These 
machines cut, thresh, and stack the grain at the rate of 
1600 sacks a day, and cover an area in that time of 100 
acres. These machines can only be used where the wheat 
ripens thoroughly standing in the field. The harvest 
labourer earns $10 a week everywhere in America. The 
bonanza fanner expects one machine to cut at least 250 
acres, and three men arc reijuired for each of them. The 
liarvest lasts from ten days to three weeks, according to 
the weather. Including the labour and the wear and tear, 
it costs about 60 cents an acre to harvest wheat. 

The wheat is not stacked as in the eastern States and 
in England, but stands upright in shocks in the field. 
The grain cures very rapidly in the dry climate, 
so that by the time the wheat is all cut and^ 
shocked on one end of the division, it is ready for the 
thresher at the other. The shocks of wheat are hauled 
directly to the thresher and fed into the self-feeder. It 
usually takes a day and a quarter to thresh the wheat 
which it took a day to cut. The farmer estimates that 
a threshing-machine can thresh all the wheat ordinarily 
grown upon 2500 acres, so that a 5000-acre farmer would 
have at least two machines running at the same time. 
Time is a very important thing in threshing, since a rain- 
fall might spoil enough grain in one night to buy several 
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macliines. The threshing season is thus a time of great 
pressure and of extensively aotive work. The wheat straw 
is worse than a waste product — it is a great nuisance upon 
the bonanza farm. A little of it is used for fuel for the 
engines and for bedding the stock ; but the bulk of it is 
dragged away from the threshing machine by machinery, 
and left lying in great heaps until an opportunity is 
afforded for burning it up. This is usually done imme 
diately before the ploughing in the autumn. The grain 
falls from the spout of the thresher into the box wagon, 
which carries it to the elevator. The elevator is placed 
at the railway station, and is usually owned by the bonanza 
farmer. 

From the time the sheaves of wheat are tumbled 
into the wagon until the flour reaches the hands of the 
cook, no hand touches the wheat that passes 
ntaniM great Minneapolis mills. When the 

box-wagons reach the elevator the loosing of a 
bolt dum{>R the grain into the bin, where it remains until 
the pulling of a lever lets it into the cars. Every pound 
of it is weighed and accounted for, and entered upon the 
books, so as to show the exact product of each division 
of the farm. After the rush of the threshing is over the 
farmer studies these books carefully to see what his land 
is doing, and makes his x)lans for the next year, so as to 
rest or strengthen those divisions which are failing. It 
costs about $1.50 an acre to thresh the grain and put it 
into the elevator. This sum, added to the estimated cost 
of the other processes mentioned above, makes the total 
cost of growing an acre of grain about $3.80. This in- 
cludes the cost of labour, seed, and wear and tear of 
machinery, but docs not include the interest on land or 
plant. The taxes on land will average 25 cents an acre. 
The farmers estimate that the other improvements, the 
water -works, elevators, insurance, horse feed, ifec., wdl 
make this up to $6 an acre. The best of those farms 
will yield 20 bushels to the acre. This makes the wheat 
cost 30 cents a bushel. During the last five years the 
average farm-selling price of wheat in the North-West has 
been 58 cents. An acre thus produces $11.60, making 
a gross profit of $5.60. Still to be jirovided for is the 
interest on the operating expenses for eighteen months, 
which will, at 8 per cent., be 48 cents per acre. Interest 
on the ca]ntal in land, improvements, and machinery, at 
$30 j>er acre, make $1.80 more, or a total interest cliarge 
of $2.28. When this is deducted from the gross profits of 
$5.60 prices found above, we have a net jirofit of $3.32 
an acre, not an exorbitant one by any means. This is 
about 8 ])er cent, on the capital invested in the land, plant, 
and operating ex})enses. But we have described the con- 
ditions on one of the best bonanza farms. The average 
yield per acre in this region is not over 18 bushels, and 
the average expenses would be higher than those given. 

Every bonanza farmer’s office is connected by wire with 
the markets at Minneapolis, Chicago, and Bufialo. Quota- 
M k ti arrive hourly in the selling sc 4 ison, and 

ar e ng, superintendent keeps in close touch >vith his 
agents in the wheat-pits of these and other cities. When 
the instrument tells him of a good price, his agent is in- 
structed to sell immediately. The farmer on the u}>]>er 
waters of the Red River of the North is kept fully informed 
as to the drought in India, the hot winds in the Argentine, 
and the floods of the Danube. Any occurrences in these 
distant parts of the world are known to him in a surpris- 
ingly short time. The world’s great wheat fields almost 
lie within his sight, so well does he know the conditions 
that prevail in them. Ten days are allowed for delivery, 
80 that he can usually ship the wheat after it is sold. In 
the early days of wheat-farming the bonanza farmer often 
speculated, but experience has taught him that he had 


better leave this to the men in the cities, and content 
himself with the profit from the business under his eye. 
The great elevator centres are in Duluth, and Minneapolis, 
Chicago, and Buffalo. These elevators have a stoiage 
capacity of from 100,000 to 2,500,000 bushels. The 
ones are built of steel, operated by steam or eloctrinty, 
protected from fire by pneumatic water-pipes, and have 
complete machinery for drying and scouring the wheat 
whenever it is necessary. The elevators are provido<l with 
long spouts containing movable buckets, which can be 
lowered into the hold of a grain-laden vessel. The wheat 
is shovelled into th(' j)athway of the huge steam shovels, 
which draw it up to the ends of these spouts, where the 
buckets seize it, and carry it upwards into the elevator, 
and distribute it among the various bins according to 
grade. A cargo of 200,000 bushels can thus bo unloaded 
in two hours, while spouts on the other side of the elevator 
reload it into cars, five to ten at a time, filling a car in 
from five to ten minutes, or the largest canal boat in an hour. 
The entire work of unloading, storing, and reloading adds 
only one cent to the price of a bushel of wheat. 

The great wheat-growing States like Minnesota have 
established systems of inspecting and grading wheat under 
State supervision. In Minnesota the system is 
carried out by the Railway and Warehouse Com- 
mission, which fixes and defines the different 
grades of wheat and directs the work. At pre- 
sent there are 18 grades recognized in this State. The 
first is d(‘ 8 cribcd as “No. 1, hard sj)ring wheat, sound, 
bright, and well cleaned, composed mainly of luird ‘ Scotc^i- 
Fife,’ weighing not less than 58 lb to the measured bushel.” 
The second guide is known as “No. 1 , northern sjiring 
wheat, sound, and well cleaned, com[>osed of the hard and 
soft varieties of spring wheat.” Ho the varieties run— 
“No. 2 , northfim”; “No. 3, northern,” &c. — down to 
the 18th, which is “no grade.” The official inspectors 
examine, gnidi^, and sample the wheat in the cars in which 
it is received at the great markets or elevators. The cars 
arc scaled at the point of origimil shipment. The •first 
thing, therefore, is to examine the seals to sei*- that they 
are unbroken. The inspector then samples and examines 
the wheat, and enters the grade uj»on a blank oj)posite 
the number and letters of the car. His tag and sample 
go to the 'wheat exchange or chamber of commerce, where 
they are exposed in small tin })ans, and form the basis of 
the trading. A few years ago the wheat received from 
the North-West was very clean indeed, hut since the new 
land has all been cultivated the field.s ai*e growing more 
weedy, with the result that the wheat brought in is becom- 
ing mixed with oats and seeds of weeds, requiring more 
careful separating and insijection. After the inspector Ikis 
finished his work the cars are resealed with the State seal, 
and await the orders of the jinrchaser. The delay will not 
ordinarily bo more than one day. The Commission keeps 
complete records and 85im]>le8 of each car until the wheat 
has jiassed entu*ely t)ut of the market. Wlicn disputes 
occur as to the grade they can thus be instantly settled. 
It the grade is changed after a second examination the 
State pays the expense of the inspection ; if not, it is paid 
by the agent who raises the objection. Only about 5 per 
cent, of the Siiinjiles are ever rcinspectcd, and in less than 
2 per cent, of these is the grade clninged. The Com- 
mission collects the small fee of 20 cents a car for its 
services as inspector, and later weighs all the wheat as it is 
distributed into the elevators. This small charge pays all 
the expenses. 

The transportation of the wheat from the fields of the 
North-West to the seaport is a business of tremendous 
magnitude. Most of this wheat goes by way of the lakes 
through the Sault de Sainte Marie canal to Buffalo, where 
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It is shipped by rail or inland canal to New Yorls^ Phil- 
adelphia, or Baltimore. Duluth, on Lake Superior, is, sur- 
prising to say, the second port in the United 
p^milou I>oint of tonnage. The Sault de Sainte 

Mario canal passes two and a half times as 
much tonnage during the eight mouths it is open as the 
Suez canal passcss in the entire yeiir. The cheiipest trans- 
portation in the world is found upon these lakes, the nite 
being only three -fourths of a mill per ton of wheat i»er 
mile. The greater lake vcissels, called “ Whalebacks,” carry 
cargoes uj) to :J5(),()00 bushels, a bulk difficult to conceive. 
700 bushels is a car-loiul. At that rate the cargo of 
250,000 bushels will fill 360 American cars, or 9 trains of 
40 cars each. At 20 bushels to the acre, this single cargo 
would reproHont the yield of two and a half farms of 5000 
acres each, like that described above, with every acre in 
cultivation. The railways of the North-West have a mono- 
poly of the business of hauling wheat, with the result 
tliat it costs 20 cents to ship a bushel of wheat from the 
Dakota fields to Duluth, which is as much as it coats to 
forward it from Duluth to Liverpool. The bushel of 
wheat, or an equivalent amount of flour, can be shipiied 
from Miunoa]>olis or Duluth to almost any point in western 
Europe for from 20 to 25 cents. 

What are the jirospects f)f wheat jirodiiction in the 
United States? In liis presidential luldress before the 
ProapeetM Association for the Advancement of 

of wheat Science ( 1 900), Sii Willhim Crookes painted a 
proaue- rather dark jiicture of the future of the world’s 
tioa, wheat ]>roduction. Among other things he said, 
“ It is almost certain that within a generation the ever-in- 
creasing population of the United fStattJs will consume all 
the wheat grown within its borders, and will be driven to 
iiiqiort like our8clv<*s ” Americans think tfuit this state- 
ment is alt<»geth<*r too pessimistic. Not sufficient account 
liad beem biken of the uncultivated land in farms, and of 
the possibilitu's of improving the yield, and still further 
ciheajiening the jiroduot. It is proliable that the United 
States will by 193,3 have a population of 133,000,000. 
This ])opulation would require a wheat crop of 700,000,000 
bushels for its own use alom*. Limiting attention to the 
great cereal-] iroducing region described above, let us see 
what the j>ros])ects are for increasing the acreage and the 
yield. Th(i fact that these States contain, according to 
the last census, over J 00, 000, 000 acres of uniraiiroved 
land, already end osi*d in farms, suggests at once the great 
possibilities in wheat. But all this land is not imiiiediately 
available lor cultivation. The availableness of the* uiiim- 
])roved land in thi»so States is chiefly a question of ]io]»u- 
latiou aud i)hyBical features. In States like New York 
and Pennsylvaiiifi, wliich are much broken u]) by liills and 
mountains, and liave already a hirge ])opulatiou, it is prob- 
able that the land available for wheat cultivation is now 
nearly all takim u]), although they still have 30 jier cent, of 
unimproved land in farms. In the great States of Michigan, 
Missouri, Wisconsin, Minnesota, and the Dakotas there is 
still 40 to 50 i»er cent, of iiiiim])roved land in farms. There 
are few mountains and hills in these Stiites, and there is still 
room in them for a large i>o]nilation. It is evident that 
in States like these wheal, culture is destined to increase 
greatly. Twelve States in this vast cereal -growing region 
— Oliio, Indiana, Illinois, Arissouri, Kansas, Nebraska, 
Michigan, Iowa, Wisconsin, Alinnesota, North and South 
Dakota — still have from 20 to 10 per cent, of unimproved 
land in farms. The total area of these States is nearly 
four times tliat of France. Their soil is iirimarily as fertile 
as hors. If we put the population of France at 40,000,000, 
the States in question could, at the same ratio, su])port 
a ])opulation of 140,000,000. France ])roduced during 
the five years ending 1897 eight bushels of wheat per 


caput. At eight bushels per caput, the people in these 
twelve States alone could produce 1,120,000,000 bushels,, 
or 420,000,000 bushels more than will be required by the 
population of 133,000,000 expected by 1933. This is a 
great manufacturing as well as a great agricultural region, 
and it is here, therefore, that a large part of this increase 
in }>opulation will be found. 

It is evident that there is great room for improvement 
also in the matter of yield per acre. The average yield of 
wheat per acre has increased slowly in recent years. So* 
long as there was so much virgin land to be brought under 
cultivation, it is surprising that it has increased at all, 
since the tendency everywhere is to “ skin ” the rich, new 
lands first. Mr B. W. Snow, formerly one of the statis- 
ticians of the United States Department of Agriculture, 
lias shown (T/ie Forum^ vol. xxviii. p. 94) that the pro- 
ducing ca]Uicity of the wheat lands, under favourable 
weather, increased steadily during the ])eriod 1880-1899. 
He distinguishes between the actual yield and the 
jiroducing capacity, and bases his com])arison upon the 
latter. He takes the average for each year of five years 
between 1880 1899, and shows that the ])rodueing capacity 
j)or acre increased 0*5 bushel between the first and the 
second period, 1*3 bushels between the second and the 
third, and I *4 bushels between the third and the fourth. 
In the pi»riod 1880-84, inclusive, the maximum capacity 
was a little less than 14 bushels, while in the ]>eriod 1895- 
99 the maximum cajiacity exceeded slightly 17 bushels — 
an increase of 3-2 bushels per acre, or 23 jier cent., in less 
than twenty years. He says, “'D) account for this in- 
(irease in the ])otential yield in our wheat -fields many 
factors must 1 h 5 taken into consideration. Among these 
may lie mentioned improveil methods of ploughing, tile 
drainage, use of the j)re8a drill, which results in greater 
immunity against winter killing, crop rotation, aud, to a 
very small extent, fertilization. An important factor to 
be mentioni'd in this connexion is the change in the dis- 
tribution of the acreage under wheat, consequent ujion 
falling f>rices. A decline in the wheat rendered 

its proiluetiou unyirofltable where the rate of yield was 
small. Gradually these lauds were passed over to crops 
better suited to them ; while at the same time the wheat 
acreage was increased in districts liaving a better rate of 
yield.” He jiredicts that “the increase in the acre yields 
in this country has only begun. All that has been accom 
plished during the ]»erKxl under review may bi5 attributed 
to im])rovements in iiiqilements for preparing the soil and 
jdantiug the seed. Wheat is grown year after year without 
rotation — exee]»t in a few cases — on a third or more of 
our wheat acreage ; not one acre in fifty is dhectly fertilized 
for the croj), and only a minimum amount of attention is 
given to the betterment of seed stock. If, in the face 
of what cannot be considered less than careless and ineffi- 
cient agricultural practice, we have increased the wheat 
capacity of our land by 3*2 bushels per acre in so short a 
time, what may we not t‘xpect in the way of large aero 
yields before we experience the hardships of a true wheat 
famine ? ” 

Cotton. 

Soil aud climatic conditions restrict the cultivation of 
cotton to a group of States in the southern portion of 
America constituting less than one-fourth of the total 
area of the United States, yet these States grow over 60 
per cent, of all the cotton consumed in the world. The 
total value of the annual crop is exceeded among the 
cultivated crops of the United States only by Indian 
corn, which is grown in every State, and about one year 
in four by wheat, which is grown in almost every State. 
Its production engages almost exclusively 7,000,000 of 
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the people, and its handling for domestic and foreign 
markets employs the capital or labour of several millions 
more. 

Cotton is limited by climatic conditions to the States 
south of latitude 37** N. The essential features of the 
climate in this section are the long warm season and the 
peculiar distribution of the rainfall. Cotton is a sun 
plant. Fluctuations in yield per acre in a given place 
are less in the case of cotton than in any other product of 
the soil ; in other words, a certain amount of stinlight 
produces a certain amount of cotton. This may be due 
to the greater uniformity of all the climatic conditions 
obtaining in the cotton bolt; but the determining con- 
dition as between different sections is the amount of light 
and heat distributed over the required number of mouths. 
This period is ordinarily measured by th(j date of the last 
killing frost in the spring and of the earliest frost in the 
fall. Cotton-picking may he extended far into the winter, 
but the first killing frost stops the active growth of the 
plant, and by killing the blossoms and young bolls puts an 
end to the production of cotton for that season. Cotton 
requires for its development from six to seven months 
of favourable growing weather. It thrives in a warm 
atmosphere, even in a very hot on(*, provided it is moist 
and the transjiiration does not overtax the leaves. The 
plant requires, however, an abundant supply of moisture 
during the growing stage. A rainfall increasing from the 
spring to the middle of summer and then decreasing to 
autumn is probably the most favourable condition for the 
production of this crop. These are exactly the conditions 
that prevail in the cotton States, (kitton grows more or 
less successfully on nearly all kinds of soil within this 
climatic belt. Light sandy soils, loams, heavy clays, and 
sandy “ bottom lands ” will all grow it, though not with 
o(pial success. Saudy uplands produce a ^ort stalk, 
which bears fairly well. Clay and bottom lands grow a 
plant of large size, yielding less lint in proportion. The 
best soils for cotton are the medium grades of loam. The 
cotton soil should be of a quality to mamhiin very 
uniform conditions of moisture. Sudden variations in 
the amount of water supplied injure the plant decidedly. 
A sandy soil does not retain water ; a clay soil maintains 
1(K) much moisture and causes the plant to take on too 
rank a growth. The best soil for cotton, therefore, is a 
iloep, well-drain(*d loam. Cotton is successfully grown iu 
the south on nearly all kinds of soils, from the piny 
ridge soils of North Carolina to the rich bottom soils on 
the Mississippi. 

The cotton-growing States include those on the Atlantic 
slope from North Carolina to Florida and on the gulf 
from Florida to New Mexico; also tJie south-western 
portion of Tennessee, the State of Arkansas, and a jiortion 
of Oklahoma. A little cotton has also been grown iu 
Utah and California. The cotton-growing region measures 
over 550,000 square miles, which is about oiie-fourth of 
the total, or one-third of the si^ttled, area of the United 
States. In 1890 over 50 per cent, of this was in farms, 
and over 20 jwr cimt. was improved, but only about 5 jh-t 
cemt. of the total area, or oncj-tenth of the area in farms, 
and one-fourth of the area of improved land, is annually 
cultivated in cotton. Since the present methods of culti- 
vation require about two and one-half acres to produce 
one 400-pound l:)ale, the area now in farms in this section 
would, if all cultivated in cotton, produce over 80,000,000 
bales. So far, therefore, as climatic conditions are con- 
cerned, the Southern States could produce eight times as 
much cotton as they have ever done without taking in any 
more land. 

The question of labour required for the production of a 
cotton crop is a serious one. Expert estimates place the 
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amount of human labour at about 54 per cent, of the 
whole expense of growing the crop. This is a much higher 
ratio of the cost of labour than is found in most 
other industries. It exceeds the cost of labour 
in corn, and wheat-growing, and also in manufacturing 
industries. In the cotttm mills reixirting to the JJei)art* 
ment of Labour the average cost of labour cin])loyed ia 
only about 28 jKjr cent. In 1880 the i)eople in the cotton 
lielt produced an average of 231 pounds of cotton p»er 
caput ; in 1890 this hacl been increased to 254 ; and in 
the State of Mississippi, where conditions are most favour- 
able, the jiroduction fnir cajmt was 427 pounds in 1889. 
With their present jiopmlation, and under present con- 
ditions, the Southern States yield 300 pounds per ciiput. 
The tuUil jKqjulation of the cotton States may l>e fairly 
}>1aced at 15,000,000. This population could easily pro- 
duce a far larger crop than it does now, for there is great 
room for imj)rovement in methods of cultivation and 
ftTtilization. There ani three classics of farmers engaged 
in cotton cultivation, namely, owners of the land, renters 
who pay money rental, and share croppers. In the ten 
]»riucipal cotton States, according to thti census of 1890, 
there were 57 ]ht cent, of tin* first class, 15 per cent, of 
the second, and 28 jicr ci‘nt. of the third. 

The result of a careful inquiry as to the cost of j»rodu- 
cing cotton in the United States, made in 1897 by the 
Dcjiartment of Agriculture, gives an avcTage cost pei acre 
on upland farms of $15.42 and the average total return 
of cotton fibre and seed $19.03, the average net profit 
being $3.G1. The average yield is 255 *G jHjunds of lint 
and IG pKiunds of seed per acre, and the average price 
of lint G‘7 cents per iMiund and of seed 11 ’9 cents per 
bushel. The average cost of picking one hundred i»ounds 
of cotton is 44 cents and the average cost of jiroducing 
lint cotton in all the States and territories is 5*27 cents 
jier pound. Eighty jier cent, of the cotton plantations 
rejiortmg in 189G showed a profit and 20 j)cr (‘cnt. a loss. 

Figure 1 shows in a graphic manner the 
record of cotton production in the Unitt'il 
StaU's every tenth year from 1790 to 1890, exporta, 
and also for the ycjar 1895 ; the portion of 
each crop consumed at home (divided between north 
and south), and the portion exported. 

A cotton croj) of 9,000,000 bales, such as that of 
1899, represents at 7 cents a pound a money value of 
$300,000,000. Of this amount, 70 jht cwit. is exported, 
bringing into the country about $210,000,000. llasiiig 
the calculation on thii average prict* of each year, the 
cotton crops in America for the last one hundred years 
have been worth $15,000,000,000. During the hundred 
years about 82,000,()00,()0() |)Ounds have been exported, 
represtmting a value of $11,000,000,000. In 1790 Great 
Britain received from Anuirica something less than one 
six-hundredth \WiTt of her total cotton imports, but only 
fifty years later she received from the Southern States 
four-fifths of all the cotton she used , and the South has 
always maintained and still maintains its ]) 0 &itu)n in rela- 
tion to the cotton consumption of tht* world. It has 
never supjilied less than 80 ]M'r cent, of the cotton used 
by Great Britain and the I^niU'd States together, and in 
1892 the Southern cotton formed 82 f>er cent, of the 
total amount consumed in these two countries. 

In the next chart (Fig. 2) an attempt is made to 
presimt in somewhat greater detail the chief facts with 
regard to area, jiroduction, ex]K)rts, ami values of the 
cotton croj> during the ton years f I om ISSG to 1896. It 
show\s that an avemge area of a little l(*ss than 20,000,000 
acres, cultivated each year, has produced in these ten 
years a total of over 36,000,000,000 pounds, valued at 
more than $3,000,000,000. Of the total production of 
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theso ten years we exported 24,600,000,000 pounds, worth more promptly or more generously to judicious fertilization 
$2,250,000,000. The amount exported was 6B'3 per cent, than does the cotton plant. The results obtained upon 
of the entire production, leaving only 31*7 per cent, for about fifteen hundred representative cotton plantations in 
home consumption. The average yield per acre during the five Atlantic coast States — North Carolina, South 
the last ten years was only 181 pounds and the average Carolina, Georgia, Alabama, and Florida, where fertilizers 
New York price was nearly 9 cents per pound, making have been longest and most used — were tabulated accord- 
the average value per acre nearly $16. iug to the cost of fertilizer per acre. Six classes were 

formed, ranging from under one dollar’s 
worth to six dollars’ worth and over of 
fertilizer. The planters who spent an 
average of 74 cents for fertilizers per 
acre made an average profit of $4.62 ; 
those who spent from $1.00 to $2.00 
for fertilizers made a profit of $5.09 ; 
from $2.00 to $3.00, a profit of $5.34 ; 
from $3.00 to $4.00, a profit of $5.91 ; 
from $4.00 to $5.00, a profit of $7.96 ; 
from $5.00 to $6.00, a profit of $8.76 ; 
and those whose fertilizers cost them 
$0.00 and more jw acre made a profit 
of $12.51. The word profit was used 
in this investigation to mean “the 
excess of returns over expenses, in- 
cluding the theoretical one of rent.” 
“Some small charges, such as insur- 
ance, repairs, renewals, and supervision, 
were omitted.” “It is evident from 
the figures above that the point of 
diminishing returns was not reached, 
when the crop was profitable, at any 
degree of fertilization.” The total 
number of plantations re{X)rting losses 
Most interesting and instructive are the results of the is only 15 per cent. “The returns from the planters 
- invcstigatiojis made })y the Department of Agri- who suffered a loss, while at first seeming to indicate 

•H Mm. regard to the use of ferti- a conclusion contrary to the above, in reality do not, 

lizers upon cotton. They show that no plant responds because their crops were subject to abnormal conditions 
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and were partial failures, the cause generally having been pounds of |>otash, and 20 pounds of phosphoric acid in 
a drought.” “ In cases of the planters who lost on their suitable form, made on fair average land, containing a 
crops the loss is greater as the cost of fertilizers is greater ; reasonable amount of humus, such, for example, as would 
but had climatic conditions been favourable, tlie loss without fertilizer produce 250 pounds of lint per acre, 
would have been a profit.” Co-o]>erativo experiments by would usually* double this crop. Cotton-seed meal, the 
selected farmers, directed by the exjxjriment stations, offal of fisheries, abattoirs, <kc., are the commonly used 
show that the application of 60 pounds of nitrogen, 20 sources of nitrogen ; the superphosphates are made from 
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Carolina, Tennessee, or Florida fdiosphates; and tlie 
potash salts are imported from Germany. These are 
commonly mixed to produce a fertilizer containing about 
2^ per cent, of nitrogen, 9 ^er cent, of soluble and 
reverted phosphoric acid, and 2 per cent, of potash. 
Such a fertilizer can usually be laid down upon the farms 
in the cotton country for about $5.00 per acre for the 
above amounts. Five dollars invested in this kind and 
amount of fertilizer will, u|X>n land of the character 
described, with favourable weather, produce an increase 
in the crop amounting to $10.00 to $15.00. Fertilizers 
are gradually being introduced throughout the cotton 
country, with the exception of the rich bottoms of the 
Mississippi and the black prairies of Texas, where they 
have so far never been needed. 

Great improvements have also been made in the ini> 
})lements and in the methods of cultivation. This crop, 
which under the slave system was cultivated almost 
entirely with the hoe, is now cultivated wholly with 
machines. On many plantations the hoe is used only 
once, to thin the cotton. The culture is carried out with 
horse cultivators and is prosecuted as long as the growth 
of the plant continues, or until the actual fruiting logins. 
According to the reports to the De|)artment of Agriculture 
the {percentage of each item in the total average cost of 
cultivating a crop of cotton is as follows : — Rent of land, 
19; ploughing, 18; seed, 1; planting, 2; fertilizers and 
distributing, 9 ; thinning and hoeing, 8 ; picking, 22 ; 
ginning and pressing, bagging and ties, 1 1 ; wear and tear 
on imiilements, 3 ; marketing and other expenses, 7 {ler 
cent. It will be seen that picking is much the most 
expensive item in cotton cultivation. The great desideratum 
still is the cotton>picking machine. 

The cotton-plant lias undergone a remarkable develop- 
ment since its introduction in the southern States. The 
Vartetiea cottons of to -day differ much from 

the original form of Gott»ypiuni lierhaceum, which 
l>roduccd seed cotton, whoso lint was only 25 per cent, 
ot its weight, and had a staple only 20 to 30 mm. long. 
Under the influence of the climate, soils, and cultivation 
ot these States the proportion of lint lias Iw'en gre^itly 
increased, reaching as high as 36 and even 40 per cent, in 
some varieties ; while the length of the staple has increased 
corresi)ondingly, reiiching in a few varieties a length of 50 
or even 60 mm. In only a few varieties, however, have 
we obtained this great increase in both percentage of lint 
and length of staple. Usually, when the length an<l fine- 
ness of the staple are increased the weight is reduced, and 
vice verm. In cases where both length of fibre and weight 
have been increased the cotton runs down again very 
rapidly, first usually in the weight produced. Cotton is 
a ])lant which sui>ports easily and responds quic'kly to 
differences in environment, soil, climate, treatment, and 
manures, and can thus be greatly modified in form and 
liabit in a few successive generations. The flowers are 
open ; the pollen is ))r(xluced in great abundance, and is 
borne upon the slightest breeze. The stigmas are well 
above the anthers, so that cross -fertilization is easy and 
common. Seeds from the earlier maturing bolls produce 
1 ►Lints yielding a longer lint than those from the later- 
ripened bolls on the same plant. Some varieties {iroduce 
a long, silky fibre when grown in rich, moist soil, but 
‘^oon lose these qualities when grown on the poorer hill 
lands. A variety which has been grown for years m the 
northern belt of the cotton region will mature its whole 
crop at the same time, while the same variety grown for 
a few years in the southern part of the bidt will continue 
to ripen through several weeks, though the total yield will 
be no gi*eater. With this natural tendency to vary, and 
with all these forces to impel the plant to change its form 
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or habit, varieties are multiplied indefinitely, even without 
the help of the cultivator. Of true botanical vaiietics, 
however, there are few, if any; while the agricultural 
varieties, so called, are almost innumerable. The residt 
of this natural tendency of the plant is that the names of 
agricultural varieties are in great confusion, and there is 
a good deal of humbugging connected with the business 
of selling cotton-seed for ])lanting. The natural tendency 
of this variation is always back towards its original form. 
Unusual fruitfulness always results in loss of vitality, and 
the original form, yielding a small cro]), always has the 
greater vitality, and so a gn^ater prejiotcncy in cross- 
fertilization. As a result of this lavr, constant care in the 
selection of seed is essential in order even to keep an im- 
proved variety uj) to its present stiindard. Only the seed 
from the finest typical {)lants should be saved and used. The 
neglect of these principles leads surely to degeneration of 
the so-called im}>rovcd variety. In this way planters are 
often disa{>poiuted with the results secured from high- 
priced seed of new varieties, for wliich great claims are 
made by their originators, and large prices {)aid. The old 
method of saving seed for planting was to take a sufficient 
number of busluds just as the> came from the gin. The 
iK^w method of selecting the Ix'st {slants only of the ty{)ical 
form is resulting in the steady im])rovement of the cotton- 
plant. If it is intelligently ]>ursued by a large number of 
{danters for another century, or even a score or two of 
years, it will certainly result in the still further improve- 
mtmt of this wonderful ]>lant. The great desire, of course, 
is to secure a cotton- {dan t which will yiidd a maximum 
amount of fibre of the longest and finest stajile. It is 
believed by experts that cotton will be improved steadily 
until this end is reached. 

The culture of c.otton must be a clean one. It is not 
necessarily deej) culture, and during the growing season 
the cultivation is {ireferably very shallow. The Pultun 
result of this is a great destruetk^n of the humus " " 
of the soil, and gri'at leaching and washing, ebi»ecially in 
the light loams of the hill country. The main object, 
therefore, of the cotton - ])lanU‘r is to })reveiit erosion. 
Wherever the planters Inive failed to guard their fields by 
liillside ploughing and terracing, these liave been ex- 
tensively denuded of soil, rendering them barren, and 
devastating other lields lying at a lower Jeved, which are 
eoven^d. The hillsides have to bi‘ gradually terraced with 
the {dough ui>on almost an exact level. On the bettijr 
farms this is done with a B{)irit-level or compass from time 
to time, and hillside ditches {>ut in at the {)ro{ier {daces. 
In the moist bottom-lands along the rivers it is the custom 
to throw the soil u{i in high beds with the {dough, and 
then to cultivate them dee{). This is the more common 
method of drainage, but it is an expensive one, as it has 
to be renewed every few years. More intelligent {ilantiTs 
drain their bottoms with underground or open drains. In 
the aise of small plantations the difficulties of adjusting 
a right-of-way for outlet ditches have interfered seriously 
with this plan. Many yilanters question the wisdom of 
dee{)-breaking and subsoiling. There is no question that 
a deep soil is better for the cotton-plant ; but the exyiense 
of obtaining it, the risk of injuring the soil through leach- 
ing, and the danger of bringing ]>oor soil to the surface, 
have led many planters to oi){)Ose this j>lau. Sandy soils 
are made thereby too dry and leachy, and it is a question- 
able proceeding to turn the hea \7 clays u{> ujion the top. 
riantiTS are, as a result, divided in o})inion as to the 
wisdom of subsoiling. Nothing definite can be said with 
regard to a rotation of crops upon the cotton {ilantation. 
Planters apyircciate generally the value of broad-leaved 
and narrow-leaved {ffants and root croyjs, but there is an 
absence of exact knowledge, with the result that their 
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practices are very varied. It is believed that the rotation 
must differ with every variety of soil, with the result that 
each planter has his own habit in this respect, and little 
can be said in general, A more careful study of the 
physical as well as the chemical properties of a sod 
must precede intelligent exj>eriiuentation in rotation. This 
knowledge is still lacking with rt‘gard to most of the cotton 
soils. The only uniform practice is to let the fields “rest” 
when they Ixave become exhausted. Nature thi*n restores 
them very rapidly, ^fhe exhaustion of the soil under 
cotton culture is chiefly due to the loss of humus, and 
nature soon puts this back in the excellent climate of the 
cotton -growing country. Fields considcjred utterly used 
ui> and allowed to “rest” tor years, when cultivated again, 
have ])roduced better than those which liad been under a 
more or less thoughtful rotation. In 8]>ite of the clean 
culture, good crops of cotton have bi*cn grown on some 
soils in the south for more than forty successive years. 
The fibre takes almost nothing from the land, and where 
the seeds ar(j restored to th(j soil in some form, even with- 
out other fertilizers, the exhaustion of tlai soil is very slow. 
If the burning-up of humus and the leaching of the sod 
could be ]>revented, there is no reason why a cotton soil 
should not produce good crops (*oiitiriuously for an in- 
dehnite time. Bedding up laud ])rcvious to planting is 
almost univtirsal. The bed fonns a warm seed-bed in the 
cool weather of early sjiring anti holds the manure, whieh 
is drilled in usually, to better advantage. The plants are 
generally left 2 or 3 iuehes alwwc the, middle of the row, 
Which in 4-foot rows gives a slojie of 1 inch to the foot, 
causing the plough to lean from tin* ])l<uits in cultivating, 
and thus to cut fewer roots. The jilants are usually cut 
out with a hoe from to 1 1 inches apart. It seems to 
make little difference exactly what distance they are, so they 
are not wider apart on average land than 1 foot, (^n rich 
bottom-land they should be thinner The 8e<*d is dropped 
from a ])lanter, five or six seeds in a single line, at regular 
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intervals^ 10 to 12 inches apart. A narrow, deep furrow 
is usually run immediately in advance of the planter, to 
break up the soil under the seed. The only time the hoe 
is used is to thin out the cotton in the row ; all the rest 
of the cultivation is by various forms of ploughs and 
so-called cultivators. The question of deep and shallow 
culture has been much discussed among planters without 
any conclusion applicable to all soils being reached. All 
grass and weeds must be kept down, and the crust must 
be broken after every rain, but these seem to be the only 
principles upon which all agree. The most effective tool 
against tlie weeds is a broad, sharp sweep,’’ as it is called, 
which takes everything it meets, while going shallower 
than most ploughs. Harrows and cultivators are used 
where there are few weeds, and the mulching process is 
the one desired. The date of cotton-planting runs from 
1st March to 1st June, according to situation. Planting 
commences early in March in Southern Texas, and the first 
blooms will ap{>ear there about 15th May. Planting may be 
done as late as 15th April in the Piedmont region of North 
Carolina, and continue as late as the end of May. The 
first blooms will appear in this region about 15th July. 
Picking may commence on 10th July in Southern Texas, 
and continue late into the winter or until the rare frost 
kills the plants. It miiy not begin until the 10th of Sep- 
tember in Piedmont, North Carolina. It is a peculiarity 
of the cotton-plant to lose a great many of its blooms and 
bolls. When the weather is not favourable at the fruiting 
stage the otherwise hardy cotton-plant displays its gretit 
weakness in this way. It sheds its forms, as the buds 
are called, its blooms, and even its half -grown bolls in 
great numbers. It has friHjuently been noted that even 
well-feitilized plants upon good soil will mature only 15 
or 20 }>er cent, of the bolls jmt on. No means is known 
so far for i>reventing this great waste. Even experts are 
Jit an entii'e loss to form a correct idea of the cause or to 
apply any <?ffective remedy. 
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Taiilk Acreage, Prwiuctum^ and Value, Prices, and Exports of Cotton in the United States, 

Isr.'-ISOB > 




Average 

Yield 

j.ei 

Am* 


Average 


Now York Closing Prleoa per 
Pound on Middling Upland. 

Domestic 

Yoai. 

Acreage 

Productiun 

Funii 

J’l lee 
per 
Putmd 

Value. 

Doeombor 

May of Follow- 
ing Year. 

ExjKirts, 
Fiscal Years 
Iwginning 
1st July. 







Low 

High. 

Low. 

High. 


Actph 

nal4*i. 

Rales. 

Cents. 

Dullars. 

Cents. 

Cents. 

Cents. 

Cents. 

Rales of 500 
pouiuls. 

187r. 

10,808,080 

•48 

4,682,813 

4,474,069 

ITl 

233,109,945 


l*Ve 

1118 

13* 

2,982,810 

2,890,738 

1876 

11,677,250 

•88 

9-9 

211,665,041 

12iV 

m 

lOH 

Ilf 

1877 

12,600,000 

•88 

4,778,865 

5,074,155 

10*5 

235,721,194 

m 

111 

lOi 

Hi 

3,215,067 

1878 

12,266,800 

•11 

8-2 

193,467,706 

SH 

»i 

11* 

13J 

3,256,745 

1879 

12, .59.5,. 500 
15,47.5,800 

•16 

6,761,2.52 

10 2 

242,140,987 

128 

13, V 

IIH 

11* 

8,644,122 

1880 

•43 

6,605,750 

9*8 

280,266,242 

11* 

12 

10* 

10* 

4,381,857 

1881 

36,710, 730 

•33 

5,4.56,048 

]0-0 

294,135,447 

11* 

12* 

12* 

121 

3,479,951 

1882 

16,791,5.57 

•41 

6,949,756 

9-9 

809,696,500 

lOi 

lOA 

104 

114 

4,676,160 

1888 

16,777,993 

•34 

5,713,200 

5,706,163 

9 0 

250,594,760 

10« 

10* 

114 

iij 

3,725,146 

1884 

17,439,612 

•83 

9 2 

258,993,385 

10?ir 

11* 

1014 

11 

8,783,318 

1885 

16,300,665 

16,454,603 

18,641,067 

•86 

6,575,691 

6,505,087 

8-5 

269,989,812 


9* 

9* 

9* 

4,116,074 

1886 

•85 

8-1 

309,881,938 

9* 

9* 

lOf 

11* 

4,338,914 

1887 

•38 

7,046,883 

8 5 

837,973,468 

10* 

10* 

m 

10* 

4,528,241 

1888 

19,058,591 

•86 

6,938,290 

8-5 

854,454,840 

9} 

9i 

11 

11* 

4,769,633 

1889 

20,171,890 

•86 

7,311,322 

8-8 

402,961,814 

lOi 

lOJ 

1118 

123 

4,948,599 

1890 

20.809,053 

•42 

8,6.52,597 

8-6 

369,568,858 

9* 

9* 

8i 

m 

5,814,717 

1891 

20,714,937 

•14 

9,035,379 

7-3 

326,513,298 

1 

1 8* 

7i 

7* 

5,870,489 

1892 

18,067,924 

•87 

6,700,365 

8-4 

262,252,286 

274,479,637 

9i 1 

10 

7i 

7i| 

4,424,280 

1893 

19,625,000 

•39 

7,549,817 

7-0 

7tl ! 

8* 

7i 

78 

6,366,564 

7,034,866 

1894 

23,687,950 

•42 

9,901,261 

4*6 

287,120,818 

5H 



78 

1895 

20,184,808 

23,273,209 

•86 

7,161,094 

7-6 

260,388,096 

8* 

8* 

8 

88 

4,670,452 

1896 

•87 

8,532,705 

6-6 

291,811,564 

7* 

7» 

7H 

6,207,609 

1897 

24,319,584 

■45 

10,897,867 

6-6 

319,491,412 

5*1 

a* 

1 

6* 

8* 

7,700,628 

1898 

24,967,295 

45 

11,189,205 

5-7 

305,467,041 

6| 

1 

7* 

H 

7,646,820 


^ 

^ From the Year-Book, U.S. Department of Agriculture, for 1899* 


Cotton-picking is at once the most difiicult and most I at the rate of from 45 to 50 cents per cwt. of seed cotton, 
expensive operation in cotton production. It is paid for I This is light work, and is effectually performed by women 
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and even cliildren, qb well as by men ; but it is tedious, 
and requires care. The picking season will average 100 
PicUa£» It is difficult to got the hands to work 

until the cotton is fully opent3d, and it is hard 
to induce them to pick over 100 a day, tliough 
some expert hands are found in every cotton plantation 
who can pick twice as much. The loss resulting from 
careless work is very serious. The cotton falls out easily 
or is dropped. The careless gathering of dead leaves 
and twigs, and the soiling of the cotton by earth or by 
the natural colouring matter from the boils, injure the 
quality. It has been commonly thought that the produc- 
tion of cotton in the south is limited by the amount tliat 
can be picked, but this limit is evidently still very remote. 


The negro population of the towns and villages of the cotton 
country is usually available for a considerable share in 
cotton - picking. There is in the cotton Sbites a rural 
population of over 7,000,000, more or less occupied in 
cotton-growing, and ciipable, at the low average of 100 ft) 
a day, of picking daily nearly 500,000 bales. It is evident, 
therefore, that if this number could work through the 
whole «^son of 100 days, they could i»ick three or four 
times as much cotton as the largest croi> ever made. 

The comparativi* fi^jjares in Table XVII., coiiqiilod from 
the re}>ort8 of the bureau of statistics of the Treasury Depart 
meut, show the number of bales of cotton exported to each 
foreign country in 1889, as compared with the years 1898 and 
1899. All halos are reduced to the uniform weight of 600 
jiounds each. 


Table XVII. -Ejcports of Cotton from United States to Foreign Conntrus?- 


In Bales of 600 ])ounds. 



Yeai exiUiii^ SOlh .Juiiu 

Year eliding .%t)i Juiiu 

1 our SOth Jtine 

Countries. 

lb89. 

ISUh. 



RalfH 

Valus. 

BaluH. 

Value. 

Bales 

Value. 

Austria-Hungary . 

.5,610 

$275,276 

35,614 

$987,721 

57,127 

$1,576,175 

Belgium 

147,807 

7,556,687 

161,912 

4,809,609 

129,52.5 

3,599,471 

Denmark 



24,711 

732,810 

39,219 

1,078,300 

France .... 

400,196 

20,174,839 

842,038 

24,599,724 

803,406 

21,946,691 

Germany 

660,756 

32, .308,593 

1,858,521 

54,886,215 

1,728,975 

47,346,679 

Italy .... 
Netherlands . 

131,068 

6,460,413 

387,581 

11,468,025 

417,353 

11,652,768 

44,354 

2,188,771 

43,. 509 

1,292,788 

51,621 

1,401,040 

Portugal 



18,835 

588,923 

21,627 

612,132 

Russia .... 

114,036 

7,506,201 

103,825 

3,133,758 

95,011 

2,796,793 

Spain .... 

181,533 

9,200,998 

263,648 

8,180,970 

248,635 

7,194,100 

Sweden and Norway 

8,717 

420,412 

25,613 

714,287 

23,r>24 

703,503 

United Kingdum . 

2,940,800 

146,605,505 

8,532,101 

105,853,614 

8,609,444 

99,709,352 

Rest of Europe 

9,547 

475,182 





Dominion of Canada 

61,143 

2,980,5.50 

122,495 

3,961,586 

98,230 

2,991,674 

Mexico .... 

33,803 

1,607,395 

42,433 

' 1,321,473 

36,130 

1,043,173 

West Indies (French) . 



17 

! 653 

5 

187 

China ... * 



11,302 

1 370,670 ! 

4,060 

131,734 

East Indies (British) . 



297 

1 9,130 

9 

308 

Hong- Kong . 



1,800 

72,000 

56 

1,710 

Japan .... 
All other countries 

’ ’ 47 

2,341 

221,214 

7,428,226 

182,734 

5,774,781 

216 

12,102 


1 



Total . 

4,769,633 

237,775,270 

7,700,529 

1 230,442,215 

7,546,821 

209,563,871 


* From the Year Booh, U.B. Department of Agriculture, for 1899. 


Except in the cases of Belgium and Russia, the increase in 
exports has been very large, in some cases the amount being more 
than double what it was eight or ten years earlier. Notwithstand- 
ing a net decrease of 158,708 bales in 1899 as compared with 1898, 
those two years are conspicuous as having recorded the largest ex- 
ports of cotton in the history of the United States (see Table XVI.). 
The extremely low prices in 1897-98 and 1898-99 reduced the ex- 
port values $7,333,0.56 in the former, and $28,211,396 in the 
latter year, as compared with those of 1889, although the number 
of bales exported in 1898 was 2,930,896, andm 1899 was 2,777,188 
greater than in 1889. 

While there are no available statistics showing the annual crops 
of all the cotton -producing countries, the consumption of the 
mills in Great Britain, the Continent of Kuro})e, the United 
States, India, Japan, Canada, Mexico, and other countries fairly 
approximates the world’s production. The following statistics 
(Table XVIII.) taken from Dr Thomas Neilson’s Annual llemew 
of the Cotton Trade ^ issued in Liverpool, 1st November 1899, 
show the number of bales of cotton consumed by tho mills of the 
world from 1890-91 to 1898-99, inclusive :~ 

Tablb XVIIl . — The World's Consumption of Cotton^ 
1890-91 to 1898-99. 


In hales of 500 pounds. 


Year 
ended 
8ept. 80. 

Great 

Britain. 

Continent 
of Europe. 

United 

States. 

India. 

All other 
Countries. 

Total. 

liliiilll ' 

8.884.000 

8.881.000 
2,866,000 
8,288,000 

8.250.000 

8.276.000 

8.224.000 

8.482.000 

8.619.000 

8,681,000 

8.640.000 

8.692.000 

8.848.000 

4.080.000 

4.160.000 

4.868.000 

4.628.000 

4.886.000 

2.867.000 

2.576.000 

2.551.000 

2.204.000 

2.748.000 

2.572.000 

2.788.000 

2.962.000 

8.558.000 


160,000 

160,000 

220,000 

250.000 

800.000 

419.000 

488.000 

718.000 

727.000 

10.456.000 

10.471.000 

10.247.000 

10.554.000 

11.807.000 

11.682.000 
11,822,000 

12.876.000 

13.982.000 


These figures certainly show a very largo increase in the 
consumption of cotton, tno increase in all countries in 1898-99 
over the previous year amounting to l,0r)6,00() bales, of which 
more than one-half was in the United States, while the increase 
in all countries since 1890-91 amounts to 3,476,000 bales. In 
1898-99 this increase, as compared with the previous year, 
amounts to 591,000 bales, as against 208,000 in all continental 
Euro 2 >ean countries, 156,000 in India, aiul 87,000 in Great Britain. 
Since 1890-91 the United States shows an increase of 1,186,000 
bales, as compared with 1,205,000 in all continental European 
countries, 373,000 in India, and 135,000 in Great Britain. 

Trices of all products entering the world’s markets tend to 
fluctuate loss and less with the development of transportation, 
the telegra])h, the crop ro]>orting system, and tho publication of 
market news. Present prices are raised or lowered in anticipa- 
tion of higher or low’er }>ricos iii the future. This is well 
illustrated by the prices of cotton shown in Table XIX. 

The range of prices was higher and the fluctuations were more 
violent in the decades 1821-30 and 1831-40, than during any 
other decades except that of the Civil War (1861-70). There has 
been a gradual diminution in the range of prices, the fluctuations 
being less during tho decade 1 881 -90 than at any other period. 
The greatly increased crops since 1890 have depressed tlie price 
very much, causing a slightly increased range. But the tendency 
is towards a permanently narrow range of fluctuations. 

The use of improved implomonts, the introduction of better 
methods of cultivation, tho establishment of a more economical 
system of labour, and especially the use of fertilizers, have 
eheaiHsnefi considerably the cost of cotton protluction — exactly 
how much, however, it is impossible to say. Until recent years 
no accurate records of the cost of cotton production were kept. 
So long as cotton brought a high price, the planters were extrava- 
gant in their methods of culture, and tho factors and transporta- 
tion companies excessive in their charges. The low prices of 
cotton which have prevailed for a number of years have taught 
fanners how to make cotton more economically and how to get 
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the full value of it after it is made, with the result that they are 
iti better condition now to produce cotton at a steady and trust- 
worthy profit than they ever were before. 


Table XIX. — Showing the Range of Prices of Middling Upland 
Cotton, per Pound, in New York from 1821 to 1895 , inclusive. 


Year. 

KanM uf 
Prices. 

Year. 

Ilange of 
I'riceH. 

Year. 

Ranine of 
Prices. 

Year 

KanKf* of 
Prices 


Cents. 

i 

Conte 


Cents. 


Gents. 

1821 

9 00 

1 1841 

4-50 

1861 

12-00 

1 1881 

2*50 

1822 

8*00 

1842 

5 -.50 

1862 

: n -50 

1882 

1-60 

182 ‘J 

8-00 

' 1848 

2-37 

1863 

41-00 

1883 

2-87 1 

1824 

6 50 

' 1844 

3-75 

1864 

121 -00 

1884 

1-00 1 

1825 

18-00 

' 1845 

1-75 

1865 

147-00 

1885 

1*00 1 

1826 

8-50 

t 1846 

2 50 

1866 

27*50 

1880 

•87 [ 

1827 

275 

1847 

5-25 

1867 

15 -.50 

1887 

2-26 

1828 

4-75 

1848 

7 00 

1868 

17-50 

11888 

1-.50 ; 

1829 

3-50 

1849 

4 75 

1869 

1075 

11889 

1-81 

1830 

4-50 

' 1850 

3-87 

1870 

1075 

|1890 

2-37 1 

Avor. 

7*35 

.Aver. 

4-12 

Aver. 

43-95 

Aver. 

177 1 

1831 

5*75 

: 1851 i 

: 6-25 

1871 

6-25 

1 1891 

2-69 1 

1882 

6*00 

1 1852 1 

2-87 

1872 

8*37 

11892 

2-06 

1833 

7*50 

1 1853 

2-00 

1873 

8-12 

1893 

2-81 

1834 

8 -.50 

! 1854 1 

1 -75 

1874 

7-37 

11894 

1-69 

1835 

7 50 

1 1855 

4-50 

1875 

2-62 

;1895 

i 1-81 

1836 

7 -.50 

1 1856 1 

2-62 

1876 

2*87 

1 



1837 

12-50 

1857 

4-12 

1877 

2*37 

Aver. 

2*21 

1838 

6-75 

18.58 

6-87 

1878 

1-50 

1 


1839 

7 -no 

1859 

2-37 

1879 

4-37 

1 


1840 

7-50 

1860 

1 -25 

1880 

2-75 

1 


Aver. 

7 -GO 

Aver. 1 

3-46 

Aver. 

4-16 

1 



Cotton Seed . 

Tho history of no agricultural product contains more 
of iuter(3st and instruction for the student of economics 
than does tliat of cotton seed. The revolution in its 
treatment is a real romance of industry. Up till 1870, or 
thereabouts, H was regarded as a positive nuisance upon 
the plantation. Tt was left to accumulate in vast heaps 
about ginhouses, to the annoyance of the farmer and the 
injury of his j premises. For cotton seed in those days was 
the object of so much aversion that tho planter burned it 
or threw it into running streams, as was most convenient. 
If the seed were allowed to lie about, it rotted, and hogs 
and other small animals, eating it, often became sick and 
died. It was very difficult to burn, and when dumped 
into rivers and crocks, was carried out by flood water to 
fill the edges of the flats with, a decaying mass of veget- 
able matter which gave rise to offensive odours and 
malaria. Although used in the early days to a limited 
extent as a food lor milch cows and other stock, and to a 
larger extent as a manure, no systematic efforts were made 
anywhere in the South to manufacture the seed until tho 
later ’fifties, when the first cotton seed mills were estab- 
lished. It is said that there were only seven cotton oil 
mills in the South m 1 860. The cotton-growing industry 
was interrupted by the Civil War, and the seed-milling 
business did not lit^gin again until 1868. Since that time 
the number of mills has been rajiidly increasing. There 
were 25 in tho South in 1870, 50 in 1880, 120 in 1890, 
and about 500 in 1901. 

Long experience shows that 1000 pounds of seed are 
produced for every 500 pounds of cotton brought to 
market. On the basis, therefore, of a cotton crop of 

10.000. 000 bales of 500 pounds, there were produced in 
the South in 1900, 5,000,000 tons of cotton seed. About 

3.000. 000 tons only are pressed, jiroducing pro<lucts worth 
$65,000,000 at present prices. There remains, therefore, 
to be utilized on the farm 2,000,000 tons of cotton seed, 
which, if manufactured, would produce a total of 
$100,000,000 from cotton seed. In contrast with the 
farmers of the ’sixties, the southern planter of to-day 
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appreciates the value of hb cotton seed, and farmers, too 
remote from the mills to get it pressed, now feed to their 
stock all the. cotton seed they conveniently can, and use 
the residue either in compost or directly as manure. The 
average of a large number of analyses of whole cotton 
seed gives the following figures for its fertilizing con- 
stituents: — Nitrogen, 3‘13 per cent.; phosphoric acid, 
1*27 per cent.; potash, 1*17 per cent.; besides small 
amounts of lime, magnesia, and other valuable but less 
important ingredients. Using average prices paid for 
nitrogen, phosphoric acid, and potash, when bought in 
large quantities and in good forms, these ingredients, in a 
ton of cotton seed, amount to $9.00 worth of fertilizing 
material. Compared with the commercial fertilizer which 
the farmer has to buy, cotton seed jiossesses therefore a 
distinct value. 

The products of cotton seed have become important 
elements in the national industry^ of the United States. 
The main product is the refined oil, which is used for a 
great numW of purposes, such as salad oil, compound 
lard, miners’ oil, and the like. The poorer grades are 
employed in soap-making. Cotton seed cake or meal is 
one of tho most valuable of feeding stuffs, as the following 
simple comparison between it and oats and corn will 
show : — 


Average Analyses. 

Proteins 
or Flesli 

Carbo>hydrateH 
or Fuel and Fat 

Fats. 

Ash or Bono 
Makuis 

Formers 

Suppliers. 


Cotton seed meal . 

43*26 

22-31 

13-45 

7-02 

Corn . 

10 5 

70-0 

5*5 

1-02 

1 Oats . 

17-0 

65-0 

8-0 

1-2 


Cotton seed meal, though poor in carbo-hydrates, the fat 
and energy-supplying ingredients, is exceedingly rich in 
protein, the nerve- and muscle-feeding ingredients. But it 
still contains a large amount of oil, which fonns animal 
fat and heat, and thus makes uj> for part of its deficiency 
in carbo-hydrates. The meal, in fact, is so rich in 
l)rotein that it is best utilized as a food for animals when 
mixed with some coarse fodder, thus furnishing a more 
evenly- balanced ration. In comparative valuations of 
feeding stuffs, it has been found that cotton seed meal 
exceeds corn meal by 62 per cent., wheat by 67 i)er cent., 
and raw cotton seed by 26 per cent. Cotton seed meal, in 
the absence of sufficient stock to consume it, is also used 
extensively as a fertilizer, and for this purpose it is worth, 
determining the price on tho same basis as used above for 
the seed, from $19 to $20 per ton. But it has seldom 
reached this price, except in some of the Northern States, 
whore it is used for feeding purposes. A more rational pro- 
ceeding would be to feed the meal to animals and apply 
the resulting manure to the soil. When this is done, from 
80 to 90 per cent, of the fertilizing material of tho meal 
is recovered in the manure, only 10 to 20 per cent, being 
converted by the animal into meat and milk. The profit 
derived from tho 20 per cent, thus removed is a very 
large one. These facts indicate that we have here an 
agricultural product, tho market price of which is still far 
b^low its value as compared, on the basis of its chemical 
comi) 08 ition, either with other feeding stuffs or with other 
fertilizers. Though it is probably destined to be used 
even more extensively as a fertilizer before the demand 
for it as a feeding stuff becomes equal to the supply, 
practically all the cotton seed meal of the South will 
ultimately be used for feeding. One explanation of this 
condition of things is that there is still a large 8ur})luB of 
cotton seed y^hich cannot be manufactured by the mills, at 
least under the existing arrangements for its transportation. 
Another reason is found in the absence of cattle in the 
South to eat it. 
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With the consideration of cotton seed oil and meal we 
have not, however, exhausted its possibilities. Cotton 
aeed hulls constitute about half the weight of the giimed 
seed. After the seed has been passed through a fine gin, 
whu^ takes off the short lint left upon it by the farmer, 
it is passed through what is called a sheller, consisting of 
a revolving cylinder, armed with numerous knives, which 
cut the 86^ in two and force the kernels from the shells. 
The shells and kernels are then separated in a winnowing 
machine. This removal of the shell makes a great 
difference in the oilcake, as the decorticated cake is more 
nutritious than the undecorticated. For a long time 
these shells or hulls, as they are called, were burned at oil 
yiillfl for fuel, two and a half tons being held equal to a cord 
of wood, and four and a third tons to a ton of coal. The 
hulls thus burned produced an ash containing an average 
of 9 per cent, of phosphoric acid and 24 per cent, of 
potash — a very valuable fertilizer in itself, and one eagerly 
sought by growers of tobacco and vegetables. It was not 
long, however, before the stock-feeder in the South found 
that cotton seed hulls were an excellent substitute for hay. 
They are now fed on a very large scale in the vicinity of 
oil mills in southern cities like Memphis, New Orleans, 
Houston, and Little Hock, from 500 to 5000 cattle being 
often collected in a single yard for this purpose. No 
other feed is required, the only provision neciessary being 
an adequate supply of water and an occasional allowance 
of salt. Many thousands of cattle are fattened annually 
in this way at remarkably low cost. For this purpose 
hulls sell at from $2.50 to $3 per ton. 

The following diagram, modified from one by (Irini- 
shaw, in accordance with the results obtained by the 
better class of modern mills, gives an interesting remtm 
of the products obtained from a ton of cotton seed : — 



Rice production in the United States is limited to that 
portion of the South Atlantic States nearest the sea. For 
two decades prior to 1861 the annual production of 
rice in North Carolina, South Carolina, and Georgia 
averaged more than 1,000,000 pounds of the clean grain, 
^uth Carolina produced over three-fourths of this. This 
industry was wrecked by the Civil War and has never 
been fully restored. From 1866 to 1880, inclusive, the 
annual production of these three States averaged only 
about 40,000,000 pounds, of which South Carolina pro- 
duced one-half. Since 1880 their average annual produc- 
tion has been 46,000,000 pounds, of which South Carolina 


produced 27,000,000. Since the Civil War the rice 
industry has been developing steadily in Louisiana; it 
averaged nearly 30,000,000 pounds for the decade 1870-80, 
71,000,000 pounds in 1880-90, and obtained its greatest 
development in 1892, when it reached 182,000,000 pounds. 
The annual production is only about one-lialf as great as 
the annual consumption. The only statistics available are 
those made up by commercial comjtanies, and represent 
only the amounts placed ui>on the market. Tbe quantities 
consumed at home and retained for seed are considerable', 
but cannot be ascertained. The following table is irom 
statistics r 0 |>orted l)y Dan Talmage’s Sons Co., and gives 
the annual average market production of rice for the 
periods 1881-90 and 1891-98 


Table XX . — Annual Average Market Prodiidiov of Itice in the 
United Stedea Jur the fmods 1881-90 and 1891-98. 


PeriodH. 

North 

Carolina 

Month 

Carolina 

Qeoi gia 

J^oulaiana. 

Total 

1881.00 

1801-08 

7,i;r>,R70 

8,041,711* 

28,408,040 

20,881,805 

10,010,010 

O,428.0(it 

71,400,001 

104.848,675 

! 128,860,081 

1 148,005,846 

i _J 


Tho annual imports of rice in the Uiiitfd States lor 1894 to 
1899 averaged 121,000,000 ]»ouudb, and the imports of bioken 
rice, iiour, and meal, 6:1,000,000 pounds— the ^holc having an 
average annual value of $3,200,000. 

Flax and Hemp. 

The total number of acres devoted to the cultivation of 
flax for seed and fibre, both in 1889, was only 1,318,698. 
The production of flax seed w^as 10,250,000 bushels and 
the production of fibre 242,000 pounds. Throughout the 
greater portion of tho flax-producing region the straw is 
not utilized, even for tow or for ]mj.>er-making. That portion 
of the flax straw having a determinable value was only 
207,757 tons. The total value of all flax })roducts in 1889 
was $10,436,000. The imports of flax fibre and manu- 
factured goods amount to from $1 6,000,000 to $18,000,000 
a year, and $2,000,000 to $3,000,000 of this represents 
raw flax fibre. In consideration of these facts, the Uni tod 
States Department of Agriculture is making special eflbrts 
to establisli the flax fibre industry in tlie TJnited States. 
Experiments have been carried on in Minnesota, Oregon, 
and Washington, which indicate that flax can be success- 
fully grown for fibre in these Stales. Jn 1860 nearly 
100,000 tons of hemp {Carnuibis aativa) were produced, 
while in 1895 hardly more than 5000 tons were reported 
for tho whole country. The introduction of Manila hemp, 
the large importation of jute, and the decline in American 
shipbuilding are the reputed causes for this falling-off. 
The census of 1890 showed 25,000 acres in hemp, yielding 
11,500 long tons, worth $1,102,000. Nearly all of this 
was grown in the State of Kentucky 

Tobacco. 

The tobacco crop of 1889 amounted to 488,256,646 
pounds, grown upon 695,301 acres ; that of 1879 w^as 
472,661,157 pounds, grown on 638,841 acres, which shows 
an increase of about 9 jier cent, in acreage and 4 ]Mjr cent, 
in products. The average yield per acre for 1879 w^as 
738-28 pounds; for 1889, 702*22 pounds. Tobacco is 
grown to a greater or loss extent in nearly every State and 
territory, the only exceptions Iniing the northern Rocky 
Mountain States : but it is a commercial i»roduct in only 
fifteen States, which together raise 98 jk*! cent, of the 
crop of the country. These fifteen States are, in the order 
of the weight of the crop, Kentucky, Virginia. reniLsylvania, 
Ohio, Tennessee, North Carolina, Maryland, (Connecticut, 
Missouri, Wisconsin, Indiana, New York, Massachusetts, 
Illinois, West Virginia. Two other State*', Florida and 
Texas, aue known to have produced some cigar tobacco 

S. I. — 29 
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since the last census was taken. In yield per acre 
Connecticut ranks first, with Massachusetts, Pennsylvania, 
New York, Wisconsin, Ohio, Missouri, and Kentucky 
following in the order named. In area cultivated Kentucky 
is first, Virginia second, North Carolina third, Tennessee 
fourth, Maryland fifth, Ohio sixth, Pennsylvania seventh, 
and Missouri eighth. There is a great difference in the 
annual yield jKjr acre by weight in the different States, 
due not alone to the difference in soil and care in culti- 
vation, but alsf) to the varieties cultivated and to differences 
in the weather, to which the tobacco plant is extremely 
suscejjtible. Some of the lighter varieties are grown for 
beauty of colour and richness of flavour ; otlior varieties 
are grown for bulk and weight. In the states having the 


highest yield per acre, the seed leaf vmeties are principally 
grown and high manuring practised. In Ohio and 
Kentucky the burly varieties are largely grown, which 
produce a large bi^. In North Carolina, on the other 
hand, the bright yeUow variety is extensively raised, which 
gives a low yield per acre by weight. The following table 
(XXI.) contains statistics of toWco production, exports, 
and imports, based upon information collected by the com- 
missioner of internal revenue and the bureau of statistics 
of the Treasury Department. The tobacco manufactured 
is rei)orted to the first-named office, and that imported 
and exported to the last. From these data it is pos- 
sible to ascertain approximately the total crop of the 
country : — 


Table XXI. --ProducHtm of ToImjcoo in tfie United States, 1892 to 1898, as compiled from th4i Reports of tha 
Hnreau of Internal Reeenm and of the Bwreau of Statistics of the Treaswy Department 



181)2 

1803 

1804. 

1895. 

1896. 

1897. 

189a 

Tobacco Tnauufacturod : 
Chewing, Hinokitig, and 

CigaiH and rMgareituB^ 
KxjiorlH, domestic ' . 

Kxjiorts, foreign' . , 

7N>unds. 

234,081,3.32 

96,925,980 

277,258,871 

1,611,863 

Pounds. 

249,858,869 

89,973,814 

304,797,808 

1,776,636 

Founds. 

250,994,675 

93,6.39,213 

293,637,217 

3,060,386 

Pounds. 

234,561,904 

95,053,056 

800,047,687 

2,767,464 

Pounds. 

265,871,158 

96,213,473 

281,074,422 

1,779,103 

Founds. 

247,858,414 

102,619,328 

269,966,833 

2,823,516 

Pounds. 

286,463,788 

106,855,624 

346,823,677 

1,847,637 

Loss imports ' 

609,878,046 

22,093,270 

646,407,127 

24,899,176 

641,831,490 

31,366,899 

632,430,101 

20,268,704 

644,938,166 

12,848,743 

622,168,086 

11,807,830 

741,980,676 

17,107,839 


.587,781,776 

621,607,962 

609,975,691 

612,171,397 

632,089,413 

610,860,256 

724,872,737 


^ For calendar year following. 


The average amount of uuriianufacturcMl tobacco exported each 
year during the five yctirM was ‘29:1, 628 pouiidH, valued 

at $24,267,718. Tlic exports averag«‘(l 4r> per cent, of the crop. 

Sut^All AND Mo I ASSES. 

The product f)f siigur imiic, sorghum, and maple sap in 
1880 aud 1890 was as follows •- - 



Su<jar Cane. 

1 SHU. 

1890 

Sugar 

214,616,400 

301,284,395 pounds. 

1 'rod need on 

227,776 

274,975 acres. 

MolaH.S(>K 

16,573,273 

25,409,228 gallons. 

This IS an iiu*icas(* 

of 20-72 iKjr 

cent, in art^a under 

cultivalion, of 40‘;{(J 

i)er cent m 

sugar, and 53*31 per 

cent, in merchantable molasses. 


Sonjhuin. 

18S0 

1800. 

Sugar 

MolaBscH 

12,792 

|>ounds. 

28,114,202 

24,235,219 gallons. 


Maph^ Sap. 

JS80 

1890 

Sugar 

36,576,071 

.32,952,927 pounds. 

Molasses 

1,796,018 

2,258,376 gallons. 


Cano sugar IS coiifinod almost entirely to lower Louisiana. 
Some cane is grown in lli(» adjacent portions of Texas, and 
a little in Georgia and Florida. The following table shows 
the sugar product, of Louisiana for the years 1895 to 1900 
inclusive : — 


1895- 1890 

1896- 1897 

1897- 1898 

1898- 1899 

1899- 1900 


Tons nf 2240 pounds. 
. 287,720 
. 282,009 

. 310,447 

. 216,511 

. 132,000 


The cane sugar of eomiucrce has averaged 2,900,000 
tons in round numbers iluring 1895-1900; of this all 
America and the West Indies prodiu*es 1,400,000 tons. 

'fhe production of sorghum molasses is about evenly 
distributed over the five States of Tennessee, Kentucky, 
^Missouri, Illinois, and Iowa, with Nebraska and Kansas 
us the next most inijK)rtant. The maple sugar product is 


confined to the north-western and central States. The 
States yielding 2,000,000 pounds, or more, each of 
maple sugar, are Vermont, New York, Michigan, Ohio, 
Pennsylvania, and New Hampshire. In 1895 only 

30.000 tons of sugar were made in the United States 
from beets in the States of California, Nebraska, and 
Utah. The Department of Agriculture has recently 
devoted considerable attention to the culture of sugar 
beets, with the result that 73,000 tons of sugar were 
])roduced in 1899-1900 in these and a few other States. 
The total cane and beet sugar production of the world, 
1899-1900, as given by the year-book of the Dejiartment 
of Agriculture, was 8,500,000 tons in round numbers. 
The United States produced 132,000 tons; Porto ilieo, 

50.000 tons ; Cuba, 395,000 tons ; the Hawaiian Islands, 

275.000 tons ; and the Philippine Islands (exports only), 

40.000 tons, making a total of 892,000 tons for the 
United States and these islands. 

Agrioultukal Education. 

The agricultural schools of the United States owe their 
origin to the movement against the old classical school, 
and in favour of technical education which commenced in 
most civiliised nations about the middle of the century. 
A rapidly growing country with great natural resources 
needed men educated in the sciences and arts of life, and 
this want was first manifested in the United States by a 
|K>pular agitation on behalf of agricultural schools. A 
number of so-called agricultural schools were started 
between 1850 and 1860 in the eastern and middle States, 
where the movement made itself most felt, but without 
trained teachers and suitable methods they accomplished 
very little. They were only ordinary schools with farms 
attached. The first constitution of the State of Michigan, 
adopted in 1850, provided for an agricultural school, and 
this was t}ie first one established in the United Stotea. 
The General Assembly of the State of Pennsylvania 
incorporated the Farmers’ High School, now the State 
College, in 1854. Maryland incorporated her agricultural 
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college in 1856 , and Massachnsetts chartered a school of 
agriculture in the same year. The agitation, which finally 
reaped Congress, led to the establishment of the so-called 
** land-grant,” or agricultural colleges. The establishment 
of these colleges was due chiefiy to the wisdom and 
foresight of Justin S. Morrill, for over forty years a 
Bepresentativo or Senator from the State of Vermont, who 
intioduced the first Bill for their endowment in the House 
of Bepresentatives on 14th December 1857, and saw the 
latest one approved by the President on 30th August 
1890. Mr Morrill is justly known, therefore, as the 
father of the American agricultural colleges. The first Act 
for the benefit of these colleges was entitled “An Act 
donating public lands to the several states and territories 
which may provide colleges for the benefit of agriculture 
and the mechanic arts,” and granttni to each State an 
amount of land equal to 30,000 acres for e-ach senator and 
representative in Congress to which the State was entitled 
at that time. The object of the grant was stjitcd to bo 
“ the endowment, support, and maintenance of at least one 
college ” (in each State), “ where the leading object shall 
be, without excluding other scientific and classical studies, 
and including military tactics, to teach such branches of 
learning as are related to agriculture and the mechanic 
arts, ... in order to ijromote the liberal and practical 
education of the industrial classes in the several pursuits 
and professions in life.” The total number of acTes of 
land granted to the States under this Act was 9,359,241, 
of which 985,833 arc still unsold. This grant has 
produced an endowment fund amounting to $10,202,944. 
The lands still unsold are valued at $1,062,850. The 
invested land-grant funds yield these colleges a total 
annual income of $624,673. Including the United States 
appropriation under a Supplementary Act of 1890, 
commonly known as the second Morrill Act, which now 
gives each college $25,000 a year, the interest on the 
laud-grant and all other invt^sted funds, all State ajijiro- 
priations and other sources of revenue, these colleges liad 
in 1899 a total income of $5,995,000. Sixty-four institu- 
tions have been organized under this Act, of which sixty-oiie 
maintain courses in agriculturt* ; nineteen are di'partments 
f)f agriculture and engineering in State universities ; 
twenty-seven are separate colleges of agriculture and 
mechanic arts ; and the remainder are organized in various 
oth(3r ways. Separate schools for persons of African 
descent have been established under this Act in eight 
soutliern States, l^hese colleges take students prejiared in 
the common schools and give them a course of from two 
to four years in the sciences pertaining to agriculture. 
Many of them offer short courses, varying from four to 
twelve weeks in length, in agriculture, horticulture, 
forestry, and dairying, which are largely attended. 
Agricultural experiment stations are connected with all 
tlio colleges, and many of them conduct fanners^ institutes, 
farmers' reading clubs, and correspondence class('s. 

The agricultural Experivhent Stalimis of the United 
States grew up in connexion with the agricultural 
■colleges. Several of the colleges early attempted to 
establish separate departments for research and jiractical 
experiments, on the plan of the German stations. The Act 
establishing the Agricultural Coll<*ge of Maryland required 
It to conduct “ a series of experiments ujxin the cultivation 
■of cereals and other plants adapted to the latitude and 
climate of the State of Maryland.” This was the fiist 
suggestion of an exfieriment station in America, but 
resulted in little. The first experiment station was 
established at Middletown, Connecticut, in 1875, in 
connexion with the agricultural branch of the Sheffield 
Scientific School of Yale College. The State of Connecticut 
made in 1877 an appropriation of $5000 to promote 
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agriculture by scientific investigation and experiment — 
the first State appropriation for this pur|X)8e. The State 
of North Carolina established, on 12th March 1877, an 
agricultural experiment and fertilizer control station in 
connexion with its State university. The Cornell 
university experiment station was organized by that 
institution in 1879. The New Jersey sUtion was 

organized in 1880, and the station of the University of 
Tennessee in 1882. from these beginnings the (‘Xjieri- 
iiient stations multiplied until, when CVmgress jitissed the 
National Experiment Station Act in 1887, there were 
seventeen already in exishuice. The Hatch Exjierimcnt 
Station Act, so called from the fact that its leading 
advocate ivas Mr William H, Hatch of Missouri, appro- 
priatcxl $15,000 a year to each agricultural college for the 
pnr]K)8e of conducting an agricultural experiment station. 
The object of the sbitiuiis was declarexl to bi*, “ to conduct 
original researches or verify experiments on the physiology 
of plants and animals ; the diseasi's to which they are 
81 ‘verally subject, with the remedies for the same ; the 
chemical composition of useful plants at their different 
stages of grow’th ; the com})nvative arKantages of rotative 
cropping as pursued undi'r a varying series of crops ; the 
cajnicity of new plants or trees for acclimation ; Ihe 
analysis of soils and watt*r ; the eheinieal comjiosition of 
manures, natural or artificial, with exjieriments designed 
to test their eom])arative efiects on crops of diflferent 
kinds ; the adaptation and value of grasses and forage 
plants ; the composition and digestdnlity of the different 
kinds of food for cloincstie animals ; the scientific and 
economic questions involved in the production of butter 
and cheese ; and such otln*r li^seaiches or experiments 
l>earing directly on the agricultural industry of the United 
States as may in each ease be deemed advisable, liaving 
due regard to the varying conditions and nt*eds of the 
resfioctive States or territoru's.” T1 k‘ stations were 
authorized to publish annual reports and also bulletins of 
progress for free distribution to larmers. The franking 
privilege was given to thi*sc publications. The office of 
experiment stations, in the Di*partmcnt of Agriculture, was 
established in 1888 to lx? the head office and clearing- 
house of these stations. Agricultural experiment stations 
arc now in ojieration in all the States and terntoriea 
Alabama, Connecticut, New Jersey, and New York each 
maintains a seixiratc station, supportcxl wholly or in part 
by State funds ; and Louisiana has a station for sugar 
exjieriments. Excluding all branch stations, the total 
number of exiierimeut stations m the United States is 
fifty-six, and of these fifty-tw'o receive the national appro- 
priation. The total inijome of the sttitioiis during 1899 
was $1,143,335, of w^hich $720,000 was received from the 
National Government and the remainder was derived 
from societies, fees for analyses of fertilizers, sale of 
produ(;ts, The stations employ 678 persons in the 

work of administration and research ; the chief classes 
being' directors, 71; chemists, 150; agriculturists, 70; 
horticulturists, 80 ; botanists, 52 ; entomologists, 47 ; 
physicists, 7 ; bacteriologists, 20 ; dairymen, 25 ; weather 
observers, 17 ; irrigation exixirts, 5. During 1899 the 
stations published 450 annual reports and bulletins, 
besides a large numlier of “press” bulletins, which are 
reproduced in the agricultural and county jmi}kts. The 
stations are tc a great extent bureaus of information on 
all farm questions, and carry on an extensive corres[^jid 
once covering all conceivable questions. 'I'heir mailing 
lists aggregate half a million names. 

Agrictjltukal Department. 

The United States Department of Agriculture was 
esti^blished as a result of a recommendation of President 
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Washington, though not until many years after his death. 
An office for distributing seeds and collecting agricultural 
statistics grow up in the ijatent office which was originally 
the only scientific agency of the government. This 
dereloiied gradually into the present department, which 
became in 1881) an executive department of the govern- 
ment with a 8(jcretary. This secretary is now charged 
with the suiMjrvisiou of all business relating to the 
agricultural and productive industries. The fisheries have 
a seiiarate bureau, and the public lands and mining 
interests are cared for in the interior dejiartinent ; but 
with these exceptions, all the jiroductive interests arc 
looked after by the Department of Agriculture. There are 
various bureaus in this department. The weather bureau 
has charge of the forecasting of weather; the issue of 
storm waruings ; the display of weather and flood signals 
for the benefit of agriculture, comnieree, and navi|]^tion ; 
the gauging and reiiorting f»f rivers : the rejKirting of 
toin]>eraturo and rainfall conditions for the cotton, vice, 
sugar, and other interests ; tlie display of frost and cold 
waves signals ; and the distribution of meteorological 
information in the interest of agriculture and commerce. 
The bureau of animal industry makes investigations as 
to the existence of contagious ])leur()-pu(*umonia and other 
dangerous and communicable diseases of live stock, 
suiieriutends the measures for their » xtirpation, makes 
original investigations as to the natun' and jirevention of 
such diseases, and reports on the conditions and means of 
improving the animal industries of the country. The 
division of stiUistics collects information as to the 
condition, pro8[K"<;ts, and harvests ol the ]>riueipal crop»s, 
and of the number ’aiid status of farm animals. It re- 
cords, tabulates, aiul eo-oidi nates statistics of agricultural 
]>roduetion, distribution, and consumption, aud issues 
monthly and aimiuil crop rt‘ports lor the infornmtiou of 
[>roducers and eonsuiiiers. The st‘ction of foreign 
markets makes investigations and disseminates information 
concern iug the feasibility ol extending the demands of 
foreign markets lor the agricultural jiroducts of the 
United States.” The office of ex])eriinent stations 
reipresimts the doi»artinent in its relations to the eximn- 
ment stations which are now in ojwM'atujn in all the States 
and territories. The division of clieniislry makes investi- 
gations of the methods pru]>oM}d foi the analyses of soils, 
fertilizers, and agricultural products, and such analyses 
as |)ortain in general to the interest of agriculture. 
The division of entomology obtains and disseminates 
information regarding insects injurious to vegetation. 
The biological survey studies the geographic distri- 
bution of animals and jilaiits, and majis the natural 
life zones of the country ; it also investigates the economic 
relations of birds aud mammals, and recommends 
measures for the preservation of beneficial, and the 
4lf»struction of iiyurious sjKscies. The division of forestry 
is occupied with exjjenments, investigations, and reports 
dealing with the subject of forestry, and with the 


dissemination of information upon forestry matters. The 
division of botany investigates botanical agricultural 
problems, including the purity and value of agricultural 
seeds, methods of controlling the spread of weeds or 
preventing their introduction into the country, &e. The 
division of vegetable physiology and pathology has for its 
object the study of the normal and abnormal life processes 
of plants. It seeks by investigation in the field and 
experiments in the laboratory to determine the causes of 
diseases and the best means of preventing the same. The 
division of agrostology is charged with the investigation 
of the natural history, geographical distribution, and use 
of grasses and forage plants, their adax>tation to si^ecial 
soils and climates, and the introduction of native and 
foreign kimis into cultivation. The division of pomology 
collects and distributes information in regard to the fruit 
interest of the United States. The division of soil has 
for its object the investigation of the physical properties 
of the soils and their relation to crop iiroduction. The 
office of x>ublic road inquiries collects iuformatiou 
concerning systems of road management, conducts 
investigations regarding the best method of road-making, 
aud prepares publications on this subject. The division 
of seeds is charged with the purchase and distributio'u of 
valuable seeds, a certain {lortion of which are collected 
from foreign countries for experiments with reference to 
their introduction into the United States. They are 
distributed in allotments to senators, representatives, 
delegates in Congress, agricultural experiment stations, and 
by the Secretary of Agriculture, as provided by law. 

The appropriations for the Department of Agriculture 
for the fiscal year ending 30th June 1899 aggregate 
$2,829,702, distributed in ^lart as follows : — 


Salarien . 

Library . 

Museum . . ... 

Amtiial quarantine statioxiB 
Collectiug agricultural statistics 
Botanical investigations and experiments 
Entomological investigations . 

Vegetable pathological investigations 
Biological investigations . 

Fomological investigations 
Laboratory of chemistry . 

Forestry mvestigations . 

Experimental gardens and grounds . 

Soil investigations .... 

( Trass and forage plant investigations 
Ofiiee of agricultural experiment stations in the 
dejiartmeut ^ 

Nutrition investigation 
Public road impiiiies 
Publications . 

Sugar investigations 

Purchase and distribution of valuable seeds 
Salaries and expenses, bureau of atiiinal industry 

Irrigation 

Weather bureau 


$319,800 

6,000 

1.500 
12,000 

105.000 
20,000 
20,000 
20,000 
17,600 

9.500 
12,400 
20,000 
20,000 
10,000 
10,000 

40.000 

15.000 
8,000 

65.000 
7,000 

130.000 

900.000 

10.000 
1,016,602^ 


The balance is devoted to miscellaneous current ex- 
penses. (c. w. D.) 


AflTUMl 1 1 l0Lf a town on the west coast of 1 Wto Rico, the 
capital of a province of the same name. It is surrounded 
by a fertile country producing sugar-cane, oranges, and 
lemons, and possesses a copious natural fountain, said to 
have been discovered by (yolumbus on his second voyage. 
It was founded in 1775. Poimlatioii (1899), 6425. 

AflTUaseallentMi a state of Mexico, bounded 
on the N., W., and E. by the state of Zacatecas, and 
on the S. by the state of Jalisco. Its area covers 
2950 squai'e miles. The population in 1879 was 140,430, 


and in 1895, 102,378, It is divided politically iuta 
four pa/rtidos, subdivided into eight municipalities. 
The fauna embraces twenty -seven species of mammals, 
fifty-eight of birds, nine of reptiles, five batrochians, 
four fishes, and seventy-four insects. The flora includes 
137 species of wild trees, forty-eight of fruit, eleven tex- 
tile plants, and 103 medicinal plants, &c. The principal 
industnes are agriculture and stock-raising. The total 

^ In additiou to this amount whioh went to the support of the central 
bureau of experiment stations. $720,000 was paid directly to agricultural 
cx|)erimeut stations in the States by the United States Treasury, 
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Talue of the trade is estimated at about $7,500,000 
(Mexican currency). The Mexican Central railway crosses 
the state in two directions. The capital, Aguasca- 
libntes, with a population in 1895 of .30,872, is 364 miles 
from the city of Mexico by rail. It has two lines of 
tramways, telegraph and telephone lines, schools, hospitals, 
public libraries, Ac. The other principal towns are Kinc6n 
de Romos (or Victoria de Calpula|)am), Asientos de Ibarra, 
and Calvillo, all with populations of less than 5000. 

AffUllMf a town of Spain, province of Murcia, on 
the Mediterranean, 37 miles W.S. W. of Cartagena. It has 
two ports, one safe, the other bad. Its trade has become 
important, owing to the greater facilities now afforded for 
transport of ores by several lines of railways. In 1898, 
74 foreign steamers of 70,372 tons (60 English of 58,372 
tons) cleared from the port, and 1 20 Spanish steamers of 
65,368 tons. The chief cxjwrts were : iron ore, 59,630 
tons, of which 47,180 were for Great Britain ; spartgniss, 
19,496 tons for Great Britain; and barley, soapstones, 
and dried figs. Population in 1897, 12,331. 

Ahaffgrar. See Sahaka. 

AhlWIOdfllbCiCli or Ahmadaiud, a city and district 
of British India, in the Gujarat division of Bombay. The 
city is situated on the left bank of the river Sabarmati. If. 
is still surrounded with walls, enclosing an area of about 2 
square miles. Ahrncdabad has a station on the Bomluiy and 
Haroda railway, 309 miles fromBombay, whence branch lines 
diverge into Kathiawar and Majii Kantha, and is a great 
centre for both trade and manufacture. Its native bankers, 
shopkeepers, and workers are all strongly organized in guilds. 
In 1897 there were 16 cotton-mills, for spinning and w'eav- 
ing, besides many hand-looms, and 14 factories for ginning 
and pressing cotton. Other industries include the manu- 
facture of gold and silver thread, silk brocAdes, pottery, paper, 
and shoes. The principal educational institutions are the 
Gujarat College, managed by a board, with 199 students in 
1896-97 ; a government training college for both male and 
female teachers, with 219 students altogether; and a high 
school, with 365 boys. There are 2 churches, 22 printing 
presses, issuing 7 newspapers and periodicals, a hospital, a 
lunatic asylum, an asylum for lejKjrs, and a jyjnjrapol or 
home of rest for animals, supported by the trading com- 
munity. The military cantonment, 3 miles north of the? 
native town, is the headquarters of the northern division rif 
the Bombay command, with an arsenal. Population (1881), 
127,621; (1891), 148,412. 

The district of Ahmkdabad lies at the head of the Gulf 
of CJambay, between Baroda and Kathiawar. Area, 3949 
square miles; population (1881), 856,342; (1891), 921,712, 
showing an increase of 8 jx^r cent, and an average density 
of 233 persons jier square mile; in 1901 the population wms 
795,094, showing a decrease of 14 per cent., dut? to the 
results of famine. Land revenue and rates (1897-98) 
amounted to lls.23,03,780, the incidence of taxation lieing 
11.1:1:0 per acre; the cultivated area was 1,151,117 
acres, of which 69,149 acres were irrigated from wells, 
Ac., including 6142 acres from government canals; the 
number of jiolico was 1098 ; the number of children at 
school was 28,795, being 3*56 per cent, of the total 
population; the registered death-rate in 1897 was 25*37 per 
thousand. The princijial crops are millets, cotton, wheat, 
and pulse. The district is tmversed by the BoinKay and 
Baroda railway, and has two seaports, Dholera and Gogo, 
the former of which has given its name to a mark of raw 
cotton in the Liverpool market. Tt suffered severely in the 
famine of 1899-1900. 

Ahltl^dnACArp a city and district of British India, 
in the Deccan division of Bombay, on the loft banh of the 
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river Sino. Several mosques and tombs have been con- 
verted to the use of British administration. The ol<l 
industries of car|)et-weaving and paper-making Imve died 
out ; but there is a large trade in cotton and silk goods, 
and in copper and braas pots, and there are 9 factories for 
ginning and pressing cotton. It is a station on the loop 
line of the Groat Indian Peninsula railway, 218 miles 
from Bombay, and a military cantonment for a native 
infantry regiment. It has three high schools, witli 4.35 
pupils in 1896-97, and 7 printing presses, issuing 6 ver- 
nacular newspapers. Population (1881), 37,492 ; (1891), 
41,689. 

The district of AnMEONAfiAR is a comparatively hilly 
and barren tract, with a small rainfall. Arcii, 6645 square 
miles ; jiopulation ( 1 88 1 ), 7 50,02 1 ; (1891), 888, 7 55, show- 
ing an increase of 18 per cent, after the famine of 1876-77 ; 
average density, 134 iK?r8on8 per square mile; (1901), 
837,774, showing a decrease ol 6 per cent., due to the 
results of famine. In 1897-98 the land revenue and rates 
were Its. 19,07,825, the incidence of assessment being 
Br. 2 : 1 : 2 YK?r acre; the cultivated areji was 2,585,016 
acres, of which 110,246 were irrigati.nl from wells, Ac. ; the 
number of police was 807 ; the children at school numbered 
15,5(»9, being 1*8 per cent, of the total population; the 
death-rate in 1897 was 43 per thousand. The principal 
cro]>s are millets, pulse, oil-sc'eds, and wlicat. The district 
sullered from drought in 1896-97, and again in 1899-1900. 
Down to July 1898 the deaths from plague numlicred 852. 

Ahmed Vefikp Pahha, (1819-1891), Turkish states- 
man and man of letters, was born in Btambul, 1819. He 
was the son of Rouheddin Effendi, at one time Charg6 
d’affaires in Paris, an accomplished French scholar, who 
because of this accomplishment was attached in the 
capacity of secretary-interpreter to Iteshid Pasha’s di])lo- 
matic mission to Paris in 1834. Reshid took Ahmed with 
him, and placed him at school, where he remained about 
five years and completed his studies. lie then returned 
to Constantinople, and was appointed to a post in the 
livremi de tradveiion of the ministry for foreign affairs. 
While thus ciiiidoyed he devoted his leisure to tlie transla- 
tion of Molifere’s plays into Turkish, and to the compilation 
of educational books — dictionaries, historical and geogra- 
}>hical manuals, Ac. — ^for use in Turkish schools, with the 
object of promoting cultivation of the French language 
among the rising generation. In 1847 he brought out the 
first edition of the J^altiameh, the official annual of the 
Ottoman empire, of which the publication is continued to 
this day. Two years later he was appointed imjxrial 
commissioner in the Danubian principalities, and held that 
office? till early in 1851 when he was sent to Persia as 
ambassador — a post which suited his temiieraiiumt, and in 
wffiich he rendered gootl service to his Government for 
more than four years. Bocal h’d in 1855, he W’as sent on a 
mission to inspect the oostern frontiiTS, and on his return 
was appointed member of the Grand Council of Justice, and 
was entrusted with the revision of the ]>enal code and the 
code of procedure. This work occupied him until tlie 
beginning of 1860, wlien lie was sent as ambassador to 
Paris, for the special purpose of averting tin' inucli-dnAdcd 
intervention of France in the affairs of Syria. But Ahmed 
Vefik’s abrupt frankness, irascibility, and abhorrence of 
compromise imfitted him for European diplomacy. Ht) 
offended the French Government ; his mission failed ; 
and he was recalled in January 1861. None thi? less liis 
integrity of purpose was fully understood and appreciate d 
in I’aris. On Ins return he was appoint^ul minister of the 
Evkafj but he only retained his seat in the Cabinet for a 
few months. He was then for a brief period president of 
the Board of Audit, and subsequently inspector of the 
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Anatolian provinces where he was engaged for more than 
three years. His next apiK)intment was that of director- 
general of customs, whence he was removed to the offict? of 
musteshar of the grand vizierate, and in the following 
year entered the Cabinet of Midhat I’asha as minister of 
})iiblic instruction, but very soon retin»d to his seat in the 
Council of State, and remained out of office until 1875 when 
bo represtmted Turkey at the International Telegraphic 
Conference in St Petersburg. lie was president of the 
short-lived Turkish parliament during its first session — 
1 9th March to 2Ht]i June 1877 — ^and at its close was 
api^ointed vali of Adrianople, where h(3 rendered invalu- 
able aid to the Red Cross Society, On his recall at the 
iK'ginning of 1878 he accepU^d the ininistiy of public 
instruction in the Cabinet of Ahmed llaindi l*asha, and on 
the abolition of the grand vizierate. (5th Februaiy 1878) he 
bi‘caine prini(3 minister, and held office till about the middle 
of April, when he resigned. Early in the following year 
he was apjK>iiitt*d vali of Brusa, whein* he remained nearly 
four yi'ars, and rendered admirable servict's to the province. 
The drainage of the pestilent marshes, tlie water - supjdy 
fi'om thii mountains, the numerous roads, the suppression 
of brigandage, the multiplication of scliools, the vast 
development of the silk iutlnstry ilnough the substitution 
of mulberry plantations for rice fiidds, the ojwming out of 
the rnintTal springs of Tchitli, the introfluction of ros(‘- 
trt‘es, and the production of otto of rosea — all these were 
Ahmt'd Vadik’s work; and he became so popular that 
when in 1882 h(* w’as recalled, it was thought advisable 
that he ahouhl b<* taken away secretly by night from the 
kontih in Bnisa, and brought to his private residence on 
the Bosphorus. A few days after his return ho wus 
again appointed prime minister (Ist December 1882), but 
Ahm(‘d Vefik demanded, as the eoiidition of bis acceptance 
of ()llie(‘, that be should choose the other meinlHU’s of the 
(Jabiiiet, and that a numlier of persons m the sultan’s 
mU)ura<fe should b(‘ dismissed. Upon this, the sultan, on 
•Ird December, revoked the irade of 1st Decemlier, and 
a]>pointod Said Pasha ]>rime minister. For tin* rest of his 
life Ahmed Velik, by the sultan’s orders, was ]»ractically a 
jirisouer in Jus own house ; and eventually he died, 1st 
Ajiril 1891, of a renal complaint from whicli he had long 
been a suffiTiT. Ahmed Vefik was a great linguist. Ho 
spoke and wrote Frc*ricli jHirfectly, and thoroughly under- 
stood English, (ierman, Ibilian, Greek, Arabic, and 
Persian. Fiom all these languages he translated many 
books into Turkish, but wrote no original work. His 
splendid library of 15,000 volumes contained priceless 
manuscrifits in many languages. In liis lifetime he 
a])pr(ioiably aidt'd the progieasof education; but, as he had 
no following, tlie ef limits of liis labour and influence in a 
great measun' faded aw'ay aftiT his dt'ath. In all his I 
social and family relations Ahnu»d Vefik was most exem- | 
plary. His cluiiity knew no bounds. He w^as devoted to I 
his aged motlu ‘1 and to his one wife and children. To | 
his friends and aciiuaintaiices h(' was hospitable, courteous, 
and obliging , his conversation wus intellectual and refined, 
and in every act of his jirivate life he manifested the spirit 
of a true gentleman. At home Ins habits, attire, and mode 
of life W(‘re <piiie Turkish, but lit' W'as perfectly at his ease 
in European socit'ty ; lie had strong English proclivities, 
and numbered many Englisli men and w^omen amongst his 
intimate friends. In jiiiblic life liis gifts were almost 
sterilized by ])eculiaritu s of ti'iiiperament and incoin|>ati- 
bility with official sui roundings ; and his mission as 
amlmssador to Persia and his administration of Brusa w'cre 
his only thorough successes. But his intellectual powers, 
literary erudition, and noble cliaracti'r made him for the 
last forty years of his life a conspicuous figure in Eastt'rn 
Eurojie. (k. w.*) 
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Ahva>X| a town in the province of Arabistan, Persia, 
situated on the left bank of the river Karun, hius been 
identified with the Aginis of Nearch. It is now a 
wretched collection of mud hovels, with a small rectangular 
fort in a state of ruin, and an Arab population of about 
700. Since the opening of the Karun to foreign commerce 
in Octolier 1888 another settlement called Bander i 
in compliment to the shah (Ndssir ed din), has 
been established on a slight elevation overlooking the 
river at the point near the rapids, where steamers come to 
anchor, and about one mile below Ahvaz. It has post and 
telegraph offices, and a few mercantile firms have estab- 
lished agencies at Bander N Assiri. Should the new caravan 
road to Isfahan prove a success, Ahvaz will no doubt soon 
acquire greater commercial importance. 

Aldlnp (1) a Turkish vilAyet, in the S.W. part of 
Asia Minor, which includes the ancient Lydia, Caria, and 
Western Lycia. It derives its name from the Seljiik emir 
who took Tralles, and is the richest and most productive pro- 
vince of Asiatic Turkey. The seat of government is Smyrna. 
Population, 1,400,000 (Moslem, 1,090,000; Christians, 
288,000 ; Jews, 22,000). (2) The principal town of the 

rich, productive valley of the Menderez, called also Giizcl- 
hissar from the beauty of its situation at the foot and on the 
lower slopes of Afons Messogis, Aitlin is on the Smyma- 
Dineir railway, has large tanneries, and sweetmeat manu- 
factories, and exports figs, cotton, and raisins. It was 
almost destroyed by an earthquake in 1899. It is the seat 
of a British vice-consul. Population, 34,000 (Moslems, 
23,000 ; Christians, 9000 ; Jews, 2000). 

AlgfUlli or Aiuun (also Sak}uxlyanrularkhoto\ a town 
of China, province HeiJun-tsian, in Northern Manchuria, 
situated on the right bank of the Amur, in a fertile 
and pojmlous region, 20 miles below Blagovyeshchensk, 
where it occupies nearly two miles on the bank of the river. 
There is a palisaded fort in the middle of the town, inside 
of which is the house of the fu-iu-fun (governor). Its 
merchants cany on an active local trade in grain, mustard, 
oil, and hibacco, and some of its firms sup])ly the Ilussiau 
administration with grain and flour. During the “ Boxer 
rising of 1900 it was, for a few wi'eks, the centre of 
military action directed against the Russians. The popu- 
lation, of some 20,000, includes a few hundred Mussul- 
mans. The town was founded first on the left bank of the 
Amur, below the mouth of the Zeya, but was abandoned, 
and the ]>resent town was founded in 1G84. It was here 
that Count Muravieff concluded, in May 1857, the Aihun 
treaty, according to which the left bank of the Amur was 
conceded to Russia. 

Airii a department in the E. of France, bordering on 
Switzerland. Its eastern part is traversed by the southern 
end of the Jura. The Rhone enfolds it on the E. and 8., 
the Saoue forms its western border ; the Ain runs through 
its centre from N. to 8. into the IlhCnc. Among the 
lacustrine formations is Lake Nantua. The chief towns 
are Bourg, Belley, Gex, Nantua, and TrAvoux, 

Area, 2249 square miles. The department comprises 36 cantons 
and 463 communes. Population in 1901, 349,205, against 851,569 
in 1896 and 364,408 m 1886. Births in 1899, 7204, of which 862 
wore illegitimate ; deatlis, 7204 ; marriages, 2665. In 1896 there 
wore 1063 primary schools, with 57,502 pupils. Less than 1 per 
cent, of the population was illiterate. The total surface under cul- 
tivation was 1,236,173 acres, of which 601,744 acres were plough- 
land ; 229,786 acres in grass, and 265,772 acres iti forest. In 1899 
the produce of wheat amounted to the value of £1,025,000 ; of 
wine, £405,000. There were (1899) 14,260 horses, 3080 asses and 
mules, 240 J 90 cattle, 50,720 sheep, 87,030 pigs, and 20,190 goats. 
The mineral production (lignite, peat, and other substances) is 
unimportant. There is no industry in metals. With agriculture, 
the industrios in weaving, wearing apparel, foods, and the manu- 
tooture of paper, are the sources of the prosperity of Ain. 
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Ainsworth, William Harrison (18054882), 
Englifih noyelist, son of Thomas Ainsworth, solicitor, was 
bom at Manchester, 4th February 1805. He was educated 
at Manchester Grammar School, and articled to the firni of 
which his father was a member, proceeding to Loudon in 
1824 to complete his legal training at the Inner Temple. 
At the age of twenty-one he marri^ a daughter of John 
Ebers, the publisher, and started in his father-in-law’s lino 
of business. This, however, soon proved unprofitable, and 
he decided to attempt literary work. A novel called Sir 
John Chiverton, in which he ap^x^ars to have had a share, 
had attracted the praise of Sir Walter Scott, and this 
encouragement decided him to take up fiction as a career. 
In 1834 he published Booktvood, which had an immediate 
success, and thenceforth ho was always occupied with the 
compilation of “ historical ” novels. He published about 
forty such stories, of which the best known are Jack Shej)- 
pard (1839), I'he Tower of London (1840), Guy Fawkes 
(1841), Old St PomUs (1841), and Winds&r Castle (1843). 
Ho edited Bentlefs Miscellany^ in which Jack Sheppard 
was published as a serial, and for twelve years from 1842 
he was proprietor of AinswortFs Magazine. He continued 
his literary activity until his death, but his later stories 
were less striking than the earlier, perhaps owing to his 
having exhausted the more fruitful fields of historical 
narrative in his first flights. He died at Beigate, 3rd 
Januatry 1882, and was buried at Kensal Green. Ains- 
worth had a lively talent for plot, and his books have 
many attractive qualities. Ho was skilful in weaving 
historical facts into the fabric of fiction, and in giving 
just sufficient of the former to leaven the latter with 
an air of probability. His style was not without archaic 
affectation and awkwardness, but when his energies 
were aroused by a striking situation he could be brisk, 
vigorous, and impressive. He did a great deal to interest 
the less ^ucated classes in the historical romances of their 
countiy, and his tales were invariably instructive, clean, 
and manly. (a. Wa.) 

AlntSibp medheval Hamtah^ a largo garrison town in 
Syria, in the Aleppo vil&yet, situated in the broad valley 
of the Sajfir. Its position is one of military and com- 
mercial importance, and its castle was noted in the Middle 
Ages for its great strength. In 1 895 many Armenians 
were massacred and the bazdrs were pillaged. American 
missionary and educational enterprise has established 
Central Turkey College, with a medical school, a girls’ 
school, and an hospital. Cereals and tobacco are exported, 
and cotton cloths are made. Population, 45,000 (Moslems, 
20,000; Christians, 18,500; Jews, 500). 

Ainu. — The Ainu — often erroneously called Aino — 
are usually spoken of as the autochthonous inhabitants 
of Japan, but the most accurate ^searches go to prove 
that they were immigrants, who reached Yezo from the 
Kuriles, and subsequently crossing Tsugaru strait, colon- 
ized a great part of the main island of Japan, exterminat- 
ing a race of pit-dwellers to whom they gave the name of 
koro-pok-guru (men with sunken places). These koro-pok- 
guru were of such sniall stature as to be considered dwarfs. 
They wore skins of animals for clothing, and that they 
understood the potter’s art and used flint arrow-heads is 
clearly proved by excavations at the sites of their pits. 
The Ainu, on the contrary, never had any knowledge of 
I>ottery. Ultimately the Ainu, coming into contact with 
the Japanese, who had immigrated from the south and 
west, were driven northward into the island of Yezo, 
where, as well as in the Kuriles and in the southern part 
of Saghalien, they are still found in some uumlk*rs. 
When, at the close of the 18th and the beginning of the 
19th century, Kussian enterprises drew the attention of 
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the Japanese Government to the northern districts of the 
empi]^ the Tokugawa Shoguns adoi)ted towards the Ainu 
a policy of liberality and leniency consistent witli the best 
principles of modern colonization. But the doom of unfit 
ness appt^rs to have begun tc^ overtake the race long ago. 
History indicates that in ancient times they were fierce^ 
fighters, able to offer a stout resistance to the inc()ini)arably 
better armed and more civilized Japanese. To-day, they 
are drunken, dirty, spiritless folk, whom it is difficult to suj)- 
poso capable of the warlike rOle they once played. Their 
number is virtually stationary, as the census shows : — 

Ainu Population of Yezo and the KuHles, 


1898 

. 17,280 

1894 

. 15,808 

1895 

. 17,814 

1896 

17,400 

1897 

16,972 

1898 

. 17,673 


The Ainu are somewhat toWvY than the Japanese, stoutly 
built. Well proportioned ; with dark -brown eyes, high 
cheek-bones, short broad noses and faces lacking length. 
Naturally very hairy and never shaving alh^ a certain 
age, they have full beards and moustaches. Men and 
women alike cut their hair level with the shoulders at the 
sides of the head, but trim it semicircularly behind. 1’he 
women tattoo their mouths, arms, and sometimes their fore- 
heads, using for colour the smut deposited on a pot 
hung over a fire of birch bark. Their original dn*ss is a 
robe spun from the bark of the elm tree. It has long 
sleeves, reaches nearly to the feet, is folded round the 
body and tied with a girdle of the same mate^rial. Females 
wear also an undergarment of Japanese cloth. In winter, 
the skins of animals are worn, with leggings of deer-skin 
and boots made from tin* skin of dogs or salmon. Both 
sexes are fond of c*ar-ring8, w^hich are said to have bt‘cn 
made of grape-vine in former times, but are now purchased 
from the Japanese, as also are bead necklaces, which the 
women prize highly. Their food is meat, wlnmever they 
can procure it — the flesh of the bear, the fox, the wolf, the 
badger, the ox, or the horse — fish, fowl, millet, vegetable.s, 
herbs, and roots. They never (‘at raw fish or flesh, but 
always cithcjr boil or roast it. Their habitations are reed- 
thatched huts, the largest 20 feet square, without parti- 
tions and having a fireplace in thii centre. There is no 
chimney, but only a hole at the angle of the roof ; there 
is one window on the eastern side and there are two doors. 
Public buildings do not exist, whether in the shape of 
inn, meeting-place, or temple. The furniture of their 
dwellings is exceedingly scanty. Tht*y have no chairs, 
stools, or tables, but sit on the floor, which is covered 
with two layers of mats, one of rush, the other of flag ; 
and for beds they spread planks, hanging mats around 
them on poles, and euqdoying skins for coverlets. The 
men use chop-sticks and moustache -lifters when eating ; 
the women have wooden spoons. Uncleanliness is cliar- 
acteristic of the Ainu, and all their intc'rcourse with the 
Japanese has not improved th('m in that respect. The 
Rev. Mr Batchelor, in his Fotes on tfie Ainu^ says that 
he lived in one Ainu habitation for six weeks on one 
occasion, and for tw'o months on another, and that he 
never once saw p(^rsonal ablutions performed, or cooking 
or eating utensils washed. Not having been at any period 
acquainted with the art of writing, they have no literature 
and are jirofoundly ignorant. But at schools established 
for them by the Japanese in rc'ccnt times, they hiive 
shown that their inU‘llectual ca])acity is not deficient. 
No distinct conception of a universe enters into their 
cosmology. They picture to themselves many floating 
worlds, yet they deduce the idea of rotundity from the 
course of the sun, and they imagine that the “Ainu world” 
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rests on the back of a fish whose movements cause earth* 
quakes. It is scarcely possible to doubt that this fancy is 
derived from the Japanese, who used to hold an identical 
theory. They believe in a supreme Creator, but also in a 
sun god, a moon god, a bear god, a water god, and a 
mountain god; deities whose river is the Milky Way, 
whose voices anj heard in the thunder and whose glory is 
reflected in the lightning. They liave no priests by i)ro- 
f cession. The village chief performs whatever religious 
ct^remonies are necessary ; ceremonies confined to making 
1 illations of wine, uttering short pniycrs and offering willow 
sticks with wooden shavings attached to them, much as 
th(5 Ja])ane8e set uji the well-known goluti at sacred spots. 
The Ainii gives thanks to the gods before eating, and 
])rays to the denty of fire in time of sickness. He thinks 
that Jiis spirit is immortal, and that it will be rewarded 
Ijereafter in lieavtm or jmnished in hell, both of which 
places arci lieneath th(j wirth, hell iK'irig the land of 
volciinoes ; but he htis no theory as to a resurrection of 
the body or meb^mpsychosis. He ])r(\serves a tradition 
about a flood which seems to be thi* erjunterjiart of the 
Jliblical deluge, and about an earth(jiiak<' wliieh lasted a 
hiindn‘d days, jiroduced the three vol(;aiio(js of Ezo, and 
cn"4ited tlie island by bridging the waters that had ])re- 
viously separated it into two parts. He is now govc'med 
by .fapanest' laws and jndged by .la]ianeHe tribunals, but 
in formisr times his affairs wt re administered by hereditary 
chiefs, three in eacli villagt*, and for administrative pur- 
poses the country was divirled into three districts, Sara, 
Usu, and Ishikari, wliieh were under the ultimate contnd 
of 8ara, though the relations Iw tween their respective 
inhabitants were not close and intermarriages were avoided. 
The functions of judge wens not entrusted to these chiefs; 
an indefinib^ number of a community’s memliers sjit in 
judgment upon its criininals. Ca])ital punishment did 
not exist, nor was imprisonment resorb^d to, bt‘atiug being 
considered a suflicient and final penalty, except in the 
case pf murder, wlieii the nose and ears of the assassin 
were cut off or the bnidons of his feet sevt^red. These 
peculiar metliods of criminal jirocedure arc alluded to by 
ancient Jajmneso liistorLins, wlio ap])t'ar to have regarded 
them as more barliaroiis than infliction of the death penalty. 
Little as the Japanese and 
the Ainu have in common, 
intermarriages an* not in- 
frequent, and at Sambuisu 
especially, on the easU'rn 
coast, many children of 
such marriages may be 
seen. Doenitz, JJilgt-n- 
dorf, and Scheube, argu- 
ing from a minute in- 
vestigation of the jihysical 
traits of the* Ainu, have 
concluded that they are 
“ Mongolians who differ 
less, porhajis, from the 
Japanese than the Ger- 
mans do from the Jiu- 
manians,’^ but if th(*ir 
custom^ traditions, and 
religious beliefs lie con- 
sidered, the points of dis- 
similarity are very striking. According to Professor 
A. H. Keane, the Ainu “are quib' distinct from the 
surrounding Mongolic pcojiles, and present several re- 
markable physical characters wliieh seem to point to a 
reniob^ connexion with the Caueasic races. Such are a 
very full beard, shaggy or wavy black or dark-brown hair, 
sometimes covering the back and chest ; a somewhat fair 


or even white complexion, laxge nose, straight eyes, and 
regular features, often quite l^ndsome, and of European 
type. They seem to be a last remnant of the Neolithic 
jieoples, who ranged in prehistoric times across the northern 
hemisphere from the British Isles to Manchuria and Japan. 
They are bear -worshippers, and have other customs in 
common with the Manchurian aborigines, but the language 
is entirely different, and they have traditions of a time 
when they were the dominant people in the surrounding 
lands.” It should be noted finally that the Ainu are 
altogether free from ferocity or exclusiveness, and that 
they treat strangers with gentle kindness. (r. By) 

Airdrie^ a parliamentary and municipal burgh 
(Falkirk group) in new Monkland parish, Lanarkshire^ 
Scotland, 10 miles E. of Glasgow by rail. There are 
35 coal mines in the parish, but the seams are now 
largely worked out. Brass-founding, steel-casting, tube- 
making, boiler-making, wagon-building, the weaving of 
woollens, calico-printing, pa|)or-making, and oil and fire- 
clay manufacture, are now important, while several new 
branches of engineering have been started. Tliere is a 
good free library. One of the board schools is an academy 
or secondary school. Population in 1881, 13,303; 1891, 
19,135; 1901, 22,288. 

Air Gun. — Air as a projicllant has in recent years 
been applied to guns of large calibre, iii wliieh its com- 
paratively gentle action has jiroved advantageous when 
high explosives contained in tlieir shells are employed as 
projectiles. In 1883 Mr. Mefford of Ohio utilized an air 
jiressuro of 500 ft> per square inch in a 2-inch gun, and 
succeeded in proiielling a projectile 2100 yards. The 
arrangement was of the simplest form — a hose with an 
ordinary cock by wliicli the air was admitted into the gun 
behind the projectile. The question was then taken up 
by Captain E. L. Zalinski of the United States Artillery, 
who in 1888 reduced the so-called “dynamite gun” to a 
practical shape and obtained excellent firing results. 

The principal features of his systom are : — 1. An extremely in- 
genious balanced valve admitting the air y)resBure into the gun. 
This valve is opened and closed by a simple movement of the firing 
lever, and is capable of adjustment so that the propelling force, 
and consequently the range, can be regulated. 2. A light steel 


projectile carrying the bursting charge, and provided with a tail 
:to which vanes are attached in order to give rotation. 8. Electric 
fuses of entirely original design. Each shell carries a wot battery, 
tlie current from which fires the charge on impact with any solid 
object, and a ddry battery which becomes active after the shell has 
dived below the surface of the water, and ignites the charge after 
delay capable of regulation. For safety all the electric circuits arc 
made to pass through a disconnector, which prevents them from 
being completed until the shell has been fired. The gun is a built-up 



Dynamitk Gun Mountbd at Sandv Hook, Nrw York IIariiour. 
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•mooth-bore tube, 15 inches or less in diameter. The full-calibre 
shell weighs 1000 lb, and carries a bursting charge of 600 lb of 
blasting gelatine, out into the form of cheeses, titting the steel 
envelope, and provided with a core of dry gun-cotton as a primer. 
Sub-calibre projectiles, 10 in. and 8 in., can also be used. In 
their case, rotation is given by vanes or fins attached to the body 
of the shell. Air at 1000 lb pressure is stored in tubes close to 
the gun, and is supplied from primary reservoirs, to which it is 
directly pumped at a pressure of about 2000 lb. There is always, 
therefore, a considerable reserve of power available without pumping. 
Pneumatic guns of this description (see figure) have been mounted 
for the protection of Now York and Sau Francisco. With a full- 
calibre shell (1000 lb) these guns have a range of 2400 yards ; with 
a sub-calibre 8-iii. shell (250 Ib) the maximum range is 6000 
yards. The official trials showed remarkable accuracy. At 6000 
yards 75 per cent, of the projectiles fell in an area of 360 x 90 feet. 
When the gun was tried at Shoeburyness the accuracy was far 
greater than could be obtained with howitzer shells propelled by 
explosives. On account of the power of exploding the shell under 
water, and thus securing a torpedo action, a direct hit upon a ship 
is not required, and the target offered is largely in excess of the 
deck plan. The gun is, in fact, capable of replacing systems of 
submarine mines with economy, and without the great objection 
of interfering with a waterway. 

The only omployment of the dynamite gun afloat has 
been in the case of the U.S.A. gunboat Vemvim^ which 
carries throe in the bows. These guns are flxed at a 
constant angle of elevation, and the range is regulated by 
the air valve, training being given by the helm. Thus 
mounted on an unstable platform, the accuracy of fire 
obtainable must evidently be much less than on shore. 
The Vesuvius was emidoyed during the fcJjianish-Anierican 
war of 1898, when on several nights in succession she 
approached the defences of Santiago under cover of dark- 
ness and discharged three projectiles. Fire delivered under 
such conditions could not be sufficiently accurate to injure 
coast defences ; but the shells burst well, and made largo 
craters. (o. 8. o.) 

Aliy, Sir Qeorge Bidden (I 8 OM 892 ), British 

Astronomer Royal, was born at Alnwick on 27th J uly 1 801. 
He came of a long line of Airys who traced their descent 
back to a family of the same name residing at Kentmcre, 
in Westmoreland, in the 14th century, but the branch to 
which he belonged, having suffered in the civil wars, 
removed to Lincolnshire, where for several generations 
they lived as farmers. George Airy was educated first 
at olementaiy schools in Hereford, and afterwards at 
Colchester Grammar School. In 1819 he entered Trinity 
College, Cambridge, as a sizar. Here he had a most 
brilliant career, and seems to have been almost imme- 
diately recognized as the leading man of his year. In 
1822 he was elected scholar of Trinity, and in the follow- 
ing year he graduated as senior wrangler and obtained 
first Smith’s prize. On Ist October 1824 ho was elected 
fellow of Trinity, and in December 1826 ivas apjiointed 
Lucasian Professor of Mathematics in succession to Turton. 
This chair he held for little more than a year, lieing elected 
in February 1 828 as Plumian Professor of Astronomy and 
director of the new Cambridge observatory. Some idea 
of his activity as a writer on mathematical and physical 
subjects during these early years may be gathered from 
the fact tliat previous to this appoiiitiiumt he had contri- 
buted no less than three important memoirs to the 
Philosopkiml l^mnsactiom of tlue Uoyal Society^ and eight 
to the Cambridge Philosophical Society. At the Cam- 
bridge observatory Airy soon gave evidence of his remark- 
able power of organization. At the time of his appoint- 
ment the only telescofie erected in the obsiTvatory was the 
transit instrument, and to this he devoted himself with 
vigour. By the introduction of a regular system of 
selection and arrangement of his observations, and a care- 
fully worked out plan of reduction, he was able to keep 
his observations reduced practically up to date and 
published annually with a degree of punctuality which 
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astonished his contemporaries. Under his direction a 
mural circle was soon erected, and regular observations 
were instituted with it in 1833. In the same year the 
duke of Northumberland presented the Cambridge obser- 
vatory with a fine object glass of 12 inches’ aperture, 
which was mounted according to Airy’s designs and under 
his BUfxsrintendence, although the erection was not com- 
pleted until after his removal to Greenwich in 1835. 
Airy’s writings during this time are divided lx'tw^‘en 
mathematical i)hysics and astronomy. The former an* for 
the most part concerned with questions relating to the 
theory of light, arising out of his professorial lectures, 
among winch may be specially mentioned his paiM»r “ On 
the Diffiuction of an Object-Glass with Circular Aperture.” 
In 1831 the Coploy medal of the Royal Society was 
awarded to him for these researches in o}itics. Of his 
astronomical writings during this period the most im- 
portant are his investigation of the mass of Jupiter, his 
report to the British Association on the progre^ss of 
astronomy during the 19th century, and his memoir On 
an Inequality of Long Period in the Motions of the 
Earth and Vmius, His report is remarkable for the con- 
ciseness and accuracy with wliich the condition of the 
science at the time is (*xhibited. The last section but 
one of this report is devoted to “ A CompariKoi. of the 
Progress of Astronomy in England wnth tliat in other 
Countries,” very much to the disadvantage of England. 
This reproach was subset juently, to a great extent, re- 
moved by his own labours. 

Airy’s discovery of a new inequality in the motions of 
Venus and the earth is in some ri‘sjKicts his most remark- 
able achiev(*ment. In correcting the elements of 
Delambre’s solar tables he had lH*,en led to suspect an 
inequality not embraced by those tables. For th(* cause 
of this he did not long seek in vain. Eight times the 
mean motion of Venus is so nearly equal to thirt(*en times 
that of the earth that the diliert*nce amounts to only the 
1 /240th of the earth’s mean motion, and from the fact 
that the term depending on this diflerence, although very 
small in itself, receives in the integration of the di fieri ‘iitial 
equations a multiplier of about 2,200,000, Airy was led 
to infer the existence? of a sc*iisible inequality extending 
over 239 years. The investigation by which this rt‘sult 
was established was probably the most laborious tliat liad 
been made up to Airy’s time in the planetary theory, and 
was the first sjiecific improvement in the solar tables made 
in England since th(i establishment of the theory of gravi- 
tation. In recognition of this w^ork the medal of the 
Royal Astronomical Society was awarded to him in 1833. 

In June 1835 Airy w^as apjiointed Astronomer Royal in 
succession to Pond, and thus coimiiencod that long career 
of wisely directed and vigorously sustained industry at 
the National Observatory whieh, even more jH^rhaps than 
his investigations in abstract science or theoretical astro- 
nomy, constitutes his chief title to fame. The state of 
the observatory at the time of his appointment was such 
that Lord Auckland, the first lord of tJii* Admiralty, 
considered tluit “it ought to Iks cleared out,” while Airy 
admits that it “ was in a queer state*.” With his usual 
energy ho set to work at onci*. to reorganize the whole 
management. He remodelled the volumi*s of observations, 
the library was ]>ut on a projier footing, the new' (Sheep- 
shanks) equatorial was erected, and a new' magnetic obser- 
vatory was built. Ju 1847 the altazimuth, clesigin'fl by 
Airy to enable observations of the moon to be made w hen- 
ever she might bo visible (and not only on the meridian), 
was constructed. In 1848 Airy iuveiiteil the refiex zenith 
tube to take the place of the zenith sector which bad been 
employed uii to that time. At tlie end of 1850 the gnat 
transit circle of 8 in. aperture and 11 ft. 6 in. focal length 
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was eroc^ ; this telescope is still the principal instru- 
ment of its class at the observatory. And finally, in 1859, 
a largo equatorial of 13 in. ai>erture was erected. In his 
journal for tliat year he remarks, “ There is not now a 
single person employed or instrument used in the observa- 
tory which was there in Mr. Pond’s time.” 

The gnjat work of reducing the accumulated planetary 
observations made at Greenwich from 1750 to 18.30 had 
been already commenced and was in progress when Airy 
became Astronomer Koyal. Shortly afterwards he under- 
took tln^ further laborimis task of reducing the enormous 
mass of observatioiis of the moon made at Greenwich 
during the same pt»riod under the direction, successively, 
of Bradley, Bliss, Maskelyno, and Pond, to defray the 
expense of which a large sum of money was all<3tted by 
tlu5 Treasury. The immediate' result of this work, which 
Was not comj)let('d till 1840, was to rescue from oblivion 
no less than 8000 observations of the moon, and to place 
them at the disposal of astronomers in such a form that 
they could be used directly for comparison with the theory 
and for the imi>rovement of tlie tiibles of the moon’s 
motion. For this work Airy received a testimonial from 
the Hoyal Astronomical 8o('iety in 1848. The first-fruit 
of this work was soon seen in the discovery by Prof. 
Hansen, of Seeburg in Gotha, of two new inequalities in 
the moon’s motion. After eomjdeting this labour, and 
befonj engaging in any tlieoretical investigation in con- 
nexion with it, Airy made inquiries whether any other 
miithematiciau was [lursuing the same subject, and learning 
that l^rof. iransc'u had undertaken this problem under the 
])atronage of the king of J )eiimark, but that, owing to the 
death of the king, it was in danger of falling through for 
lack of funds, he ajqilied to the Admiralty for the sura 
required to enable Pi of. Hansen to complete his work. 
This requi'st was immediately granted, and thus it comes 
about that Hansim’s famous Tables ik la Lv^ are dedicated 
to La Haute Amirauto de m Afajeste la Reme de la 
Gmrule ]ireta<jm ct (TJrUvnde. 

One of the most remarkable of Airy’s researches is his 
determination of the mean density of the earth. In 1826 
the idea oeeurred to him of attacking this problem by 
means of pendulum experiments at the top and bottom of 
a deep mine. His first atteiiijtt, made in the same year, 
at the Dolcoath mine in Cornwall, failed in consequence 
of an accident to one of th(* pendulums \ a second attempt 
in 1828 was deft*att'd by a flooding of the mine, and 
many years ela]»sed bi'fore another opjiortunity presentt'd 
itself. The experiments eventually took place at the 
Harton pit near South Shields in 1854. The immediate 
result of the experiment was to show that gravity at the 
bottom of the mine exceeded tliat at the top by 1/1 9286th 
of its amount, the di'pth being 1 256 feet. From this he 
was led to the final value of 6 '566 for the mean density 
of the earth as eorajjared witli that of water. This value 
is considerably in excess of that previously found by other 
methods, but from the care and completeness with which 
the observations were carried out and discussed, it is, as 
Airy himself says, “t*utitl(jd to compete with the others on, 
at least, equal t^^^ms.” 

In 1872 Airy conceived the idea of treating the lunar 
theory in a new way, and at the age of seventy-one he 
embarked on the prodigious labour which this scheme 
entailed. A general descrijition of liis method will be 
found in the Monthly Notices of the Royal Astronomical 
Rocicty, vol. xxxiv. No. 3. His method consisted essen- 
tially in the adoption of Delaunay’s final numerical ex- 
pressions for longitude, latitude, and ^larallax, with a 
symbolic term attached to each numlier, the value of 
which was to be determined by substitution in the 
equations of motion. In this mode of treating the 
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question the order of the terms is numerical, and though 
the amount of labour is such as might well have detent 
a younger man, yet the details were easy, and a great 
part of it might he entrusted to a mere computer. This 
work was published in 1886, when its author was eighty- 
five years of ago. For some little time previously he had 
been harassed by a suspicion that certain errors had crept 
into the computations, and accordingly he addressed him- 
self to the task of revising his work. But his powers 
were no longer what they h^ been, and he was never able 
to examine sufficiently into the matter. In 1890 he tells 
us how a grievous error had been committed in one of the 
first steps, and pathetically adds, “ My spirit in the work 
was broken, and I have never heartily proceeded with it 
since.” In 1881 Sir George Airy resigned the office of 
Astronomer Koyal and resided at the White House, Green- 
wich, not far from the Koyal Observatory, until his death, 
which took place on 2ud January 1892. 

A complete list of Airy’s printed papers, numbering 
no less than 518, will be found in his Autobiography ^ 
edited by his son, Wilfrid Airy, B.A., M.lustC.E. 
Amongst the most important of his works not already 
mentioned may bo named the following : — Matlijerivatwad 
Trojcts (1826) on the Lunar Theory^ Figure of the Earthy 
Precession and Nutation, and Calculus of Variations, to 
which, in the second edition of 1828, wore added tracts on 
the Planetary Theory, and the Undulatory Theory of Light; 
Experiments on Ir<m-lyuilt Hhips, instituted for tJte ^mrpose 
of discovering a correction^ for the deviation, of the Compass 
prodviced by the Iron of tlie Skips (1839) ; On the Theo- 
retical Explanatiem of an apparent new Polarity in Light 
(1840) ; Tides and Waives (1842). 

He was (fleeted a fellow of the Royal Society in 1 836 
and president in 1871, and n'coived both the Copley and 
Royal medals. He was five times president of the Koyal 
Astronomical Society, was correspondent of the French 
Academy, and belonged to many other foreign and 
American societies. He was D.C.L. of Oxford, and LL.I). 
of Cambridge and Edinburgh. In 1872 he was made 
K.C.B. In the same year he was nominated a Grand 
Cross in the Imperial Order of the Rose of Brazil ; he also 
held the Prussian Order “ Pour le Merite,” and belonged 
to the Legion of Honour of France, and to the Order of 
the North Star of Sweden and Norway. (a. a. r.*) 

AlsnOy a department in the N.K. of France. The 
northern part is crossed by branches of the Ardennes. 
The country is watered by the Somme, the Escaut, the 
Sambre, the Oise, the Aisne, and the Marne. 

Ar(Hi, 2868 square miles. The department comprises 87 cantons 
and 841 communes, and its population in 1901 numbered 535,583, 
against 555,925 in 1886. The chief towns are Laon, the capital of 
the department, Ch&tcau • Thierry, 8t Quentin, with important 
industries and 48,868 inliabitants in 1896, Soissons, and vorvins. 
Births in 1899, 12,164, of which 1450 were illegitimate; deaths, 
12,077 ; marriages, 4251. In 1896 there were 1363 primary 
schools, with 76,646 pupils. Eight per cent, of the population was 
illiterate. Agriculture is highly developed, 1,717,107 acres being 
under cultivation in 1896, of which 1,197,950 acres were plough- 
land, 210,274 acres forest, and 197,688 acres in grass. In 1899 the 
produce of wheat was valued at £1,960,120 ; rye at £176,000 ; oate 
at £983,240. The production of mangold -wurzol and of potatoes 
is also considerable. The production of beetroot (1899) exceeded 
26,000,000 hundredweights, placing the department second in this 
respect. The live stock numoered (1899) 781,060, of which 77,870 
were horses. The value of milk products in 1899 was £1,012,000. 
There arc no metals in the department of Aisne, but there is abund- 
ance of building-stone and ot biick-clay. The industries of Aisne 
are weaving, St Quentin being renowned for its cambrios ; plate- 
glass manufacture (St Gobain) ; glass-making (Folembray) ; but 
especially sugar-refining. With a production in 1899 of 171,000 
tons, involving the labour of 10,500 men and women, Aisne takes 
the lead of all the departments of Franco in the sugar indostiy. 

AltalHkl. See Cook Islands. 
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AlVftllp a prosperous town on the west coast of Asia 
Minor, opposite the island of Mitylene. It stands, near 
the site of the iEolian Heradeia^ on rising ground at the 
end of a bay which is separated from the Gulf of Adramyt- 
tium, and protected from the prevailing winds by the 
Muskonesi Islands {Hecatorme»oi). In 1821 it was burned 
to the ground during a fight between the Turks and the 
Greeks, and a large number of its Greek population killed 
or enslaved. It is now one of the most thriving towns in 
the Levant, with a purely Greek population distinguished 
for its commercial, industrial, and maritime enterprise. 
The exports are olive oil, soap, and raki \ and a fieet of 
fishing-boats supplies Constantinople and Smyrna with fish; 
the exports in 1899 were valued at J^944,743, and the 
imports at ^^286,425. It is the seat of a British vico- 
consulate. Population, 36,000. 

Alx-la-ChapellOp German Acuchen^ a town and 
watering-place of Prussia, in the Rhine prov., between 
the Meuse and the Rhine, 44 miles W.S.W. from Cologne 
by the railway to Li^ge. It possesses more than thirty 
churches, besides the cathedral. A handsome building was 
put up in 1886-89, behind the facade (1267) of the old 
town hall, to accommodate the archives. The Suermondt 
museum contains collections of anticpiities, pictures, arms, 
and industrial art objects. There are two or three tech- 
nical schools, a commercial college, a commercial high 
school (opened in 1898), a deaf and dumb asylum, lunatic 
asylums, a teachers’ seminary, a polytechnic, a technical 
high school, and a newspaper museum. In the vicinity 
are coal-mines employing about 9000 men. This city is 
the seat of a very active commerce in cereals, timber, 
leather, coal, metals, wool, wine, &c. In 1897 the town 
of Burtscheid was incorporated with Aix-la-Chapelle. 
Burtscheid also has thermal baths (140'’ to 160" Fahr.), 
and carries on the same industries as Aix-la-Chapelle. 
Population (1885), 95,725; (1895), 110,551; (1901), 
135,235. 

AjACClOf the chief town of the island of Corsica, a 
department of France, stands on the west side of the 
island. It lies 67 6 miles S.E. of Paris, and is the ter- 
minal station of railways from Bastia and Calvi. The 
library (35,000 volumes), a fine collection of pictures, and 
a communal college, all now in the Palais Fesch, were 
founded by the cardinal of that name, half-brother of 
Napoleon’s mother. The culture of the citron has greatly 
extended in recent years, and gallic acid is now an im- 
portant export. The Citadollo harbour afibrds good 
anchorage, but the port accommodation is indifierent. 
The total length of quays is 2000 feet, with a depth along- 
side of from 9 to 22 foot. In 1899, 640 vessels of 213,370 
tons entered, and 650 of 214,107 tons cleared. Population 
(1881), 15,351 ; (1891), 17,248; (1896), 17,398; (comm.) 
18,553; (1901), 21,779. 

a nativo state of India, in Bundelkhand, 
under the Contrsd India agency ; lying between 24" 45' and 
24" 58' N. lat., and between 80" 4' and 80" 22' E. long. 
It has an area of 802 square miles ; and a ix)pulation of 
93,048, being 116 persons per square mile. The chief, 
who is a Bundela Rajput, bears the title of Sawai Maharaja. 
He has an estimated revenue of about Rs. 2, 25,000, and pays 
a tribute of Rs.7010. He resides at the town of Naushahr, 
at the foot of the hill-fortress of Ajaigarh, from which the 
state takes its name. The state suffered severely from 
famine in 1868-69, and again in 1896-97. 

AlnflOff a city of British India, in Regputana, which 
gives its name to a district and also to a petty province called 
Ajmer-Merwara ; situated in 26" 27' N. lat. and 74*44" E. 
long., on the lower slojpes of Taragarh Hill, in the Aravalli 
Mountains. It is an important station on the Rajputana 
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railway, 615 miles from Bombay and 275 miles from Delhi, 
with a branch running due south to the Great Indian 
Peninsula main line. The city is well laid out, with wide 
streets and handsome houses. It is still surrounded by a 
stone wall. The educational institutions include a college, 
with 212 students in 1897-98, and the Mayo Rajkuinar 
College, opened in 1875, for training the sons of the nobles 
of R^'putana on the lines of an English public school, 
with 63 pupils in 1897-98, maintained at a total cost of 
R8.47,479. Population (1867), 34,763 ; (1881), 48,735 ; 
(1891), 68,843; (1901), 75,759, showing an increase of 
10 j)er cent. The district of Ajmer, which forms the 
larger part of the province of Ajmer-Merwara, has an area 
of 2070 square miles. Population (1891), 422,359, btiing 
204 persons i^er square mile; (1901), 366,800, showing 
a decrease of 13 per cent. Besides the city of Ajmer, it 
contains the military station of Nasirabad ; ixipulatiou, 
21,710. 

AJlVlOr-MArWArAi a division or petty province 
of British India, in Rajputana, consisting of the two 
districts of Ajmer and Merwara, se][)arated from each other 
and isolated amid native states. The administration is in 
the hands of a commissioner, subr>rdLuate to the governor- 
general’s agent for Rajputana. The capital is Ajmer city. 
The area, is 2711 square miles. The population in 1891 
was 542,358, being 200 persons imr squaie mile, the 
classification according to religion being : Hindus, 437,988, 
or 81 per cent. ; Mahommedans, 74,265, or 13 per cent. , 
Jains, 26,939, or 5 jier cent. ; Christians, 2683 ; and 
“others,” 483; in 1901 the population was 476,330, 
showing a decrease of 12 per cent., due to the results 
of famine. Ajnong Hindus, the Rajputs are land- 
holders, and the Jats and Gujars are cultivators. The 
Jains are traders and money-lenders. The aboriginal 
tribe of Mers are divided between Hindus and Mahom- 
medans. In 1897-98 the total cultivated area was 
returned at 404,413 acres, of which 62,305 acres wem 
twice cropjied. The chief crops are millet, wheat, cotton, 
and oil-s^s. The irrigated area was 142,287 acTes, ol 
which 107,677 were irrigated from wells, and 33,955 
from tanks. The land revenue was Rs. 4, 42,526, being 
at the rate of R.l :3:11 per cultivated acre, and 14 annas 
per head of population. The total numlier of schools was 
192, with 10,771 pu)>ils ; and the total expenditure on 
education was Rs.92,463. There are 12 factories for 
ginning and pressing cotton, the chief trading centi*es 
being Beawar and Kekri. Together with the surrounding 
country, Ajmer-Merwara suffered very severely from the 
famine of 1899-1900. In June 1900 the number of 
jiersons in receipt of relief was 143,000, being more than 
one-fourth of the total population. 

^Akabahp Quif of, the classical jElaniticus Sinus, 
from the town of uElana at its head ; a continuation 
southward of the J ordan- ‘Aniba depression. Raised beaches 
on the coast show that there has been an elevation of the 
sea-bed of 200 feet. Near the head of the gulf is Jeziret 
Farafin, modiaBval Qraye, a rocky islet with the ruins of a 
castle built by Baldwin I. (wVc. 1115). The vilLige of 
^Akabah was transferred from Egypt to Turkey in 1892, 
and has a small import trade. Near it was JSlath, the port 
from which Solomon’s fleet sailed to Ophir, which as 
jElwna was the station of the tenth Roman legion, and a 
place of commercial importance. As IJaila or Ailat, under 
the Arabs, it was in the 10th century the great port of 
Palestine and the emporium of the Hejdz. 

Akalkot, a native stat() of India, in the Deccan 
division of Bombav, ranking as one of the fcJjitani Jagirs, 
situated between the British district of 8holapur and the 
Nizam’s dominions. Area, 498 square miles; population 
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(1891), 76,744; (1901), 82,052, showing an increase of 8 
per cent. In 1897-98 the gross revenue was K8.3, 52,867, 
of which H8.39,102 was expended on public works; he 
tribute is 118.14,592; the ' uum))er of police was 59; 
there were 38 schools, with 1897 pupils. The chief, who 
is a Mahratta of the Bhonsle family, resides at Poona on 
a pension, while the state is under British management. 
The town of Aka.lkot is situated in 17“ 31' N. lat. and 
76" 15' E. long., near the Great Indian Peninsula railway, 
which traverses the statfi. Population, 6551. 

Akanyam, R. Bee Nilk. 

Akassa. Bee Nioeria. 

Akhal-teke. Bee Tkankgaspian Territory. 

Akhaltsykh (Georgian AluilUikhe, “new fortress"'), 
a fortified district town of liussia, Transcaucasia, govern- 
ment of Tiflis, 67 miles east of Batuni, situatc^d on a 
tributary of the Kura, at an altitudt! of 3370 feet. It 
eiyoys an excellent climate and its houses are scattered 
amidst gardens. The new town is on the right bank of the 
river, while the old town and the fortress are on the opposite 
bank. It has a considerable inland trade, and brown coal 
is found in the neighbourhood. In 1897 the population, 
of whom many were Armenians, i\as 15,387. 

Ak*hlSSftr| the classical Thynieira^ the “ town of 
Thya,” situated in a fertile j>hiiti, on the Geurduk Chai 
( ZiyriiJi), in the Smyrna vilayt‘1 . Thyatei ra was an im])ortant 
station on the Homan n^ad from I'ergainos to Laodicea, 
and one of the “seven r]iuichos”of Asia (Rev. ii. 18). 
The town is connected with Smyrna by railway and exports 
cotton, wool, ojjium, cocoons, and cereals. Population, 
13,000 (Moslems, 8200; Cliristians, 4800). 

Akhtyrkd .1 a district town of Ku88ia, government 
of Kharkotf, lu'ar to the Vorskla river, (lonnected by a 
branch (11 in.) with the radway from Viluo to Nikolaevsk. 
It is surnmitded by moving sands, and often inundated. 
It has a Ix^autifiil (uitlicdral, built upon a plan by Rastrelli 
in 1753, to which numerous pilgrims come every ye^ir to 
venerate the ikon of the Virgin of Akhtyrsk. There is an 
active trade in corn, eiittle, and the produce of domestic 
industries. Pojmlation (1897), 23,390. 

Akim. Bee Gold Coast. 

AkkormAri (Turkish Ak-lmrman^ “white town"), 
a district town, formerly a fortress, of South-West Russia, 
government of Bessarabia, situated on the right bank of 
the estuary of the Dnieper, 12 miles from the Black Bea. 
It was taken by tlie Russians in 1770 and 1774 and 
returned to the Turks, but was deliiiitely annexed to 
Russia in 1881. Its proximity to Odessa gives it an 
advantageous ])osition for trade, and it doe& a thriving 
businciss in wine, siilt, fish, wool, tallow, <kc. The town, 
with its three suburbs, contains beautiful gardens and vine- 
yards. In 1897 the ])opulation was 28,303, or 40,000 
including the suburbs. 

AkmOllnski in Asiatic Russia, the north-eastern of 
the tlireo jirovinctis iKiJonging to the geneiul governorship 
of the Bteppes, formerly known as the Kirghiz Stepjie; 
bounded by Turgai on the W., Tobolsk on the N., Tomsk 
on the E., and Russian Turkestan on the B. Area, 21 1,566 
ficjuare miles, of which 4535 are lakes. It is low and 
dotted with salt lakes in its northern portion, and sandy 
on the banks of the Irtysh. An undulating plat eau stretches 
in the middle, and is watered by the Ishim, the plains 
gradually rising southwards, where a wide siiur of the 
Tarbagatoi Mountains runs north-westwards, containing 
gold, copper, and coal. Many lakes, of which the largest 
is Dciighiz, are scattered along the northeni slope of those 
hills. To the south of these hills, towards Lake Balkhash, 
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situated on its south-eastern frontier, and to the north-west 
of this laJke, spreads a wide waterless desert, Bek-pak-dala, 
or Famine Step^ (Golodnaya). The province is watered 
by the Ishim, tributary of the Irtysh (which flows near to 
the eastern frontier) and the Nura. The climate is very 
continental and dry, the average temperatures at Akmolly 
being ; year 35", January 1*5", July 70" ; yearly rainfall,, 
only 9 inches. The population, which was 678,957 in 1897 
(324,587 women) consists chiefly of Russians in the northern 
and middle portions, and Kirghiz (about 350,000), who breed 
large quantities of cattle, horses, and sheep. The urban 
population was only 74,069. Agriculture is successfully 
carried on in the north, where the Siberian railway runs 
from Zlatoust to Omsk through a very fertile, well-popu- 
lated region. Steamers ply on the Irtysh. The province 
is divid^ into five districts, the chief towns of which are : 
Omsk, formerly capital of West Siberia (37,470 inhabit- 
ants) ; Akmolinsk, or Akmolly, chief town of the province 
(9560), situated on the Ishim, 285 miles south-west of 
Omsk, and chief centre for the caravans coming from 
Tashkent and Bukhara ; Atbasar, 3030 ; Kokchetav, 5000 ; 
and Petropavlovsk, 20,014. 

Akola, a town and district of India, in Berar or the 
Haidaraliad Assigned Districts, under British administra- 
tion. The town is on the Morna river, 930 feet above the 
sea ; railway station, 363 miles from Bombay. Population 
(1881), 16,608; (1891), 21,470; mumcipalincome( 1897-98), 
Ils.45,057. It is a centre of trade in raw cotton. There 
are 13 factories for ginning and pressing cotton, with an out- 
turn of 80,000 bales. It lias a high school, with 202 pupils 
in 1896-97 ; a training college, with 69 students; an indus- 
trial school, supported by a Christian mission; an engineer- 
ing class ; two printing presses, each issuing a vernacular 
newspaper. 

The district of Akola has an area of 2000 square 
miles; population (1881), 592,792; (1891), 571,782, 
showing a decrease of 3 per cent; average density, 216 
persons per squ[|K» mile; (1901) 582,763, showing an 
increase of 1 per cent. Lan^l^ revenue and rates in 
1897-98 amounted to Ra.22,34,308, the incidence of 
assess4ibt being R.1 :7 : 2 per acre; the cultivated area was 
1,303,757 acres, of wliieh 9344 are irrigated from wells; 
number of jiclice, 601 men ; the number of boys at school 
in 1896-97 was 12,412, being 27*8 iwr cent of the male 
population of school-going age ; the registered death-rate 
in 1897 was 54 ’9 per thousand. The principal crops are 
millet and cotton. 

Akroili a city of Ohio, U.S.A., the capital of Summit 
county, situated in 41" 05' N. lat. and 81“ 32' W. long, 
in the north-eastern part of the state, at an altitude of 
1000 feet, being on the divide between Lake Erie and Ohio 
river. The water supply is derived from wells. The plan 
of the streets is quite irregular ; there are six wards, and 
the city is entered by no fewer than six railways, giving 
it excellent connexions in all directions. Its industries 
are chiefly manufacturing, and its products consist largely 
of agricultural implements, cement, brick, and tiles. 
Buchtel College, one of the smaller institutions of learning, 
is situated hero. The population in 1880 was 16,512,. 
in 1890 it was 27,601, and in 1900 it was 42,728. 

Ak*8h0hrp the classical Fhilomelion, a town in Asia 
Minor, in the Konia viUyet, situated at tlie edge of a fertile 
plain, on the north side of the Sultan Dagh. Philomelion 
was on the groat Greco-Roman highway from Ephesus to 
the oast, and to its townsmen the Smyrniotes wrote the 
letter that describes the martyrdom of Polycarj). The town 
is connected by railway with Konia, Smyrna, and Con- 
stantinople. Population, 15,000 (Moslems). 
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Ak8U {White Water), a town of the Chineeo empire, 
Eastern Turkestan, in 41* 7' N. and 79* 7' E., 70 miles 
E. of Uch-Turfan and 270 miles N.E. of Yarkand, near to 
the left bank of the Aksu river, which takes its origin in the 
Tian-shan Mountains and joins the Tarim. It l)elongH to 
the series of oases (Uch-Turfan, Bai, Koucha, situated 
at the southern foot of the eastern Tian-shan Moun- 
tains. The town, which is supposed to have about 6000 
houses, is enclosed by a wall. It is an important 
centre for caravan routes, and has a considerable trado. 
Extensive cattle breeding is carried on by the in- 
habitants. 

Aktyubinsk (Ak-tubb), a district town and fort 
of Eussian Central Asia, province Turgai, situated on the 
Ilok river, 135 miles S.E. of Orenburg. It is the centre 
for the administration of the Kirghiz, with whom a lively 
trade is carried on. In 1897 the population was 2840. 

Aky&b| a district and city in the Arakan division of 
Burma, lies along the north-eastern shores of the Bay of 
Bengal. The district area is 5136 square* miles. Popu- 
lation (1891), 415,305; (1901), 482,374. There were 
2040 villages paying a revenue of Es.16,91,191 in 1898-99. 
Buddhists and Jains numbered 258,259, Mahommedans 
119,157, Hindus 9762, aborigines 28,234, and Christians 
(hluropean and native) 893. Of the total area of 3,287,040 
acres, the area under cultivation was 590,991, there were 
64,950 acres lying fallow, the cultivable waste amounted 
to 1,669,478 acres, and 961,621 acres were not capable of 
cultivation. The rainfall in 1898-99 was 193*49 inches. 
Akyab, the chief town, had in 1891 a jwpulation of 
37,938 ; in 1871-72 the total was 15,281. It has a 
municipality with a committee of 16 members, 10 of 
whom arc elected. There is a second-class district jail. 
The export of rice from Akyab has increased greatly of 
late years. There are two oil-wells in the district, both 
on Borouga island, worked under the Canadian oil-boring 
system. During the year 1898-99, 290 vessels with a 
tonnage of 167,158 entered the port, and 282 of a burden 
of 166,752 cleared. 

Ala, a town in South Tyrol, Austria, in the govern- 
ment district of Roveroto, on the Adige river, at the 
entrance of the Ronchi valley. It is the last station on 
the Brenner railway, and has an Austrian and an Italian 
custom-house. Silk and velvet manufactures. Population 
in 1890, 4646 ; in 1900, 4933, chiefly Italian. 

AlabAinay one of the Southern States of the 
American Union, situated between 35* and 30* 13' N. 
lat., and 84* 53' and 88* 35' W. long., and bounded on 
the N. by Tennessee, on theE. by Georgia, on the S. by 
Florida and the Gulf of Mexico, and on the W. by 
Mississippi. In the last quarter of the 19th century 
Alabama experienced a new era of prosperity. During 
the decade of the Civil war the cotton product had 
fallen off from 989,955 bales in 1860 to 429,482 bales 
in 1870, and the com product from 33,226,282 bushels to 
16,977,948 bushels, these being the loading products of 
the State, which was almost entirely agricultural. Politi- 
cally and economically the result of the war was even 
more marked. The emancipation and enfranchisement of 
the negroes, who constituted almost half of the popula- 
tion (475,510 coloured in a total of 996,992), threw the 
Government into the hands of strangers, “carpet-baggers,” 
who were attracted mainly from the north by the prospect 
of political power. When these went into office under the 
constitution bom of the bayonet, their auditor said in his 
first report ; “Alabama stands in a proud position in the 
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financial world. . . . Nothing but gross mismanagement 
of her finances will cause her credit to decline.” 

The State*B bonded debt was . . . $5,270,000.00 

Educational fund and miscellaneouB . $3,085,683.51 

Total . . . $8,355,683.51 

Under the new ri^gime the Stat(j’s endorsement was granU^d 
to railways to the extent of $16,000 a mile ; and many 
roads were begun, partially completed, and then aban- 
doned. So gross was the mismanagement in general that, 
before the close of 1873, the governor w'^as compelled to 
report to the legislature his inability “to sell for money 
any of the State bonds,” a condition of things which, 
according to an official report (30th September 1874), had 
resulted from the fact that the debt had growm to the 
sum of $25,503,593, including both direct and endorsed 
railway securities. At this crisis the white people, worn 
out by misgovernment at the hands of irresponsible rulers, 
resolved to re-establish the ]mblic affairs of the common- 
wealth upon a normal basis. Under the lead of George 
S. Houston, .the bulk of the white voters united in the 
democratic and conservative party triurn] )hed in the 
memorable contest of 1874, electing not only the governor, 
but large nuijorities in both branches of the legislature. 
The affairs of the State were again in the hands of the tax- 
payers. That event made possible the political, economic, 
and industrial reorganization wdiich has since lifted the 
State to its present condition of pi()sj>erity, not only as an 
agricultural community, but as one of tlic great coal and 
iron-producing States of the Union. 

Under the constitution of 1875, which superseded that 
of 1868, and which is still in foice, official salaries and 
the power of the legislature to indulge in financial extrn- 
vagance wore severely restricted. The debt, then beyond 
the ability of the State to bear, was readjusted, and was so 
reduced by amicable settlements that, on 30th Septemlier 
1888, it had shrunk from $25,000,000 to $12,085,220. 
Owing to subsequent payments, the total bonded debt 
amounted on Ist March 1898 to only $9,357,600. 

The total population, which had increased in 1890 to 
1,513,017 (833,718 whites and 679,299 negroes), was 
1,828,697 in 1900, sliowing an increase for the decade 
of 20*8 per cent. The total land surface of Alabama is, 
approximately, 51,540 square miles, and the density of 
population was therefore 35*4 per scpiare mile in 1900, as 
compared with 29*3 ten years earlier. There were, in 
1900, 201 incorporated cities, lo\^*ns, and villages, and of 
these 9 had a po])ulation in excess of 5000, and 3 in 
excess of 25,000. These three were Mobile, w*ith 38,469 
inhabitants, Birmingham, with 38,415, and Montgomery, 
with 30,346. The proportion of rural to urban population 
is increasing. The total taxable values, which in 1876 
were $135,535,790, were in 1898 $256,256,295, the total 
state tax being 5i^ mills on the total values. The total 
cotton product, 'which in 1870 was 429,482 bales, was in 
1899, 1,130,000 bales. 

The main feature in the modem transformation is the 
vast development of the mineral region, winch occupies 
the north-eastern two-fifths of the State. The south- 
eastern fourth of this artJa, the Gold Belt, jiroduces gold, 
copper, pyrites, and mica. In the north-western three- 
fourths are the three coal-fields — Warrior, Calmba, and 
Coosa —aggregating 8000 square miles (about 2000 pro- 
ductive), separated by narrow north-east and south-east 
valleys, in which are bauxite, barytes, iron ores, and lime- 
stones. Thus all the raw materials for the production of 
iron occur in close proximity, with no natural barriers 
between. The total annual coal production, which in 
1870 amounted only to 13,200 tons, had risen in 1875 to 
67,200; in 1880 to 380,000; in 1885 to 2,492,000; in 
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1890 to 4,090,409 ; in 1895 to 6,693,775 ; and in 1899 
to 7,500,000 estimated. Prof. M‘Calley has reached the 
conclusion that the three coal-fields (Warrior, Cahaba, and 
Coosa), combined, probably contain an aggregate of at 
least 42,100,000,000 tons. Tests made by the United 
States navy have established the superior quality of certain 
seams of this coal for steam purposes, while the coke 
tonnage of the Pratt and Blue Creek seams of the 
Warrior field (1,609,839 tons in 1898) is second only 
to the famous Connellsville district of Pennsylvania. 
The pig-iron production, which during the year 1870 
amounted only to 7060 tons, liod risen in 1875 to 22,418 ; 
in 1880 to 68,925; in 1885 to 203,069; in 1890 to 
816,911 ; in 1895 to 854,667 ; and in 1899 to 1,083,905. 
The supjily of iron ore (rt*d and brown) is practicably 
inexhaustible. That used in the Birmingliam district is 
principally of the red fossiliferous kind derived from Eed 
Mountain, the vein running about 20 feet thick at 
the outcrop, and extending under cover at an angle of 
from 15 to 20 degrees from the horizontal to an un- 
known dejith. Birmingham, Ala., is now the third largest 
point of export of pig-iron in the world, —Middlesbrough 
in England being the first, and (ilasgow in Scotland tho 
second. Within the eighteen months ending 1st January 
1898 there were exported from Birmingham 297,000 tons 
of pig-iron to all parts of tht‘ world. During the year 1 899 
the production of steed began in the Birmingham district, 
one ])lant producing 9070 tons and anotlier 2203. 

To render the waterways available for commerce, the 
Federal Government Jiaa spent millions of dollars. Tho 
Mobile river, with its branches, resembles a gigantic tree 
rising from tidal limits in one of tho best liarbours on the 
Gulf of Mexico, and spreading northward, eastward, and 
westward into Tennessee, Mis8issip]»i, and Georgia. Tho 
total of mileage of rivtus in use to-day, either for com- 
mercial ])ur|K»s(‘s ur in th(» process of improvement by the 
Federal Government, is 2214 miles. On cither side the 
mineral region is pierced by the Warrior and Coosa rivers, 
destined soon to the grc‘at highways through which tho 
coal and iron firoducts arc to bo brought in barges to tidal 
limits for shipment through tlie port of Mobile. Tho 
deepening of Mobile Imrbour in the south, the construction 
of the MuscK* Shoals Oaiml on thti Tennessee river in the 
north, and the improvoni(*nt ol the interior rivers have 
involved an expt‘iiditure upon the? part of the Federal 
Government of about twelve millions of dollars, nearly all 
of which has been apjiropriated since 1870. The most 
important part of the work now in progress is the improve- 
ment of the Warrior river, tho early completion of which 
has been assured by the action of Congress placing it 
under the contract system directed by the secretary of 
war. In order, however, to give an outlet for coal and 
iron by water from the heart of the best mineral region, 
it is ncjcessary to cut a cimal about 64 miles long from 
Birmingham to the Warrior, vid Besscuuer. After a 
careful survey Major Jlossell, the Government cngincer-in- 
charge, dt^clared that “the project is both feasible and 
advisable.” A waterway will thus be opened through 
which coal and iron, mined within 300 miles of tidal limits, 
can be floated to the stja. Ex])crts estimate that a ton 
of pig-iron can be loaded at Birmingham and landed at 
Mobile at 49 cents, a rate 55 cents lower than any yet in 
existence. The cost of steam coal at Mobile is now about 
$2.80 a long ton, the cost of railway transportation being 
about $1.25. After the canal and Warrior route has 
been made available, a scnifuilous estimate places the 
cost of such coal at Mobile at $1.50. The railway system 
of the State has also been steadily developing. The 1602 
miles of railway in oi)eration in 1871 ^d increased to 
3560 miles at the close of 1898. 


Mobile is the only seaport of the State. The bay is 
about 32 miles long, with an average width of 16 miles. 

! The United States Government has dredged a channel, 
now 23 feet deep, from the docks to deejK water. At the 
mouth of the bay there is a deep water cup, with a depth 
of from 30 to 60 feet^ and an area of 5 or 6 square 
miles. The bar separating this deep water from the 
water of the gulf has a depth of 23-1/2 feet, which has 
bcicn increasing by natural processes since the earliest 
Government records. Estimates by Government engineers 
have settled the fact that a channel across this bar can be 
cut to a depth of 30 feet, with a width of 300 feet, by 
the excavation of 220,000 cubic yards of material at a 
cost insignificant when compared with the value of tho 
improvement. If that work is completed. Mobile Bay 
may be entered at any time by vessels drawing 28 feet — 
something that can be said of few land-locked harbours. 

During the year ending 30th June 1870, 105 vessels of 
70,249 tons entered, and 129 vessels of 81,276 tons 
cleared, in the foreign trade. During the year ending 
30th June 1900, 755 vessels of 549,198 tons entered, and 
717 vessels of 505,273 tons cleared. For the year ending 
30th Juno 1901 the total imports were $3,008,449, and 
the total exports, $11,837,105. Tho thirteen mills manu-' 
facturing cotton goods in 1870 have been increased to 
fifty-two, with 813,939 spindles and 18,590 looms, the 
total capital invested amounting to $16,278,780. Tho 
annual output of tho cotton oil mills of the State is 
139,500 tons, valued at $2,929,500. The lumber and 
shingle mills, numbering about 1000, represent an invested 
capital of $18,700,000, the average output per day for each 
mill being 15,000 feet. The annual product of rosin and 
naval stores is valued at $1,150,000, 

The number of national banks in operation, 31st 
October 1900, was 30, with paid-up capital of $3,655,000, 
and outstanding circulation of $1,968,665. The state 
banks numl)ered in tho same year 62, with a capital and 
suri)luB of $3,292,874; tho jirivate banks 26, with a 
capital and surjilus of $1,021,078 ; and the loan and trust 
companies 9, with capital and surplus of $869,723. 

In 1890 Alabama had 6013 church edifices, and church 
property valued at $6,768,477. There were 659,171 
communicants or members, of whom 268,405 were Baptists, 
242,624 Methodists, 21,502 Presbyterian, and 13,230 
Homan Catholics. 

The law establishing a public school system was enacted 
in 1854, but it was twenty years after that date before 
tho period of substantial, permanent growth began. Tho 
school term ranges frdjm four to nine months, and tuition 
is free. Separate schools are provided for children of 
African descent. The funds for maintaining the public 
schools are derived from a direct appropriation from the 
state treasury, a special state school tax, a poll tax, 
interest on the sixteenth section fund, and municipal 
apy:)ropriation8. In 1855 they amounted to $237,515.39. 
In 1900 the appropriations for common school education 
amounted to $1,100,000.00. The scJiool age is from 
seven to twenty-one years. In 1855 the enumeration 
showed a white school population of 145,588. In 1899 
the number was 633,546 — white, 350,667 ; coloured 
282,879. Tho State is thoroughly committed to the 
policy of imiversal education at governmental exyiense, 
and is making rapid progress in that direction. Biesides 
the public schools, Alalmma has a number of private 
and denominational institutions of learning of high 
grade. AU the leading denominations are well repre- 
sented in this number. The amount expended on 
private and denominational education annually approxi- 
mates $300,000. 

The special question with which Alabama, in common with her 
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sister Southom States, is confronted, is tlie race problem. The 
constitution of 1876, under which the political supremacy of the 
white race was re-established, provides (Art. Xlll. sec. 1) that a 
system of public schools shall be maintained throughout the State 
*^forthe equal benefi t of the children thereof . . . but separate schools 
shall be provided for the children of citizens of African descent.'* 
From that time negro children have been enjoying in their separate 
schools the equal benefits of an educational funa of approximately 
one million dollars a year, the bulk of which is produced by taxes 
contributed by the whites. In spite of this, however, the great 
mass of negroes, in wlioso hands rests so large a proportion of the 
political power, have little or no training in the duties of eitisen- 
ship. In the hope of solving the race problem u^ion a broad and 
humane basis a South Conference was formed in Alabama, the 
first meeting of which was held under brilliant auspices. The 
chief difficulty is, of course, that of franchise. If it is to be 
limited by educational or property qualifications, whatever dis- 
abilities may be imposed must rest upon both races alike If the 
negro shall be disfranchised by his Alitoracy, ho can remove the 
disability in the schools which the white people of the State 
maintain for his equal benefit. Such a plan, if adopted as m 
other Southern States, will result in a gradual and conservative 
political emancipation. (h. T.*) 

Alabama Arbitration. See Arbitration, 
International. 

AlaffOaSf an Atlantic state of Brazil. Its area 
covers 22,580 square miles. The population in 1872 was 
348,009, and in 1890, 511,440. The capital is Alag6a8 
MaqeI6, and amongst other towns are Camaragibe, Ponedo, 
S. Miguel dos Campos, Pilar, and Porto Calvo. The .state 
has railways from Ma^eid to Muricy and Vi^osa, and from 
Piranhas to the Bio Moxotd. AlaoOas Maqeio, with a 
jiopulation of 30,000, is an important shipping port, 
visited by Transatlantic steamers, and the terminus of the 
Alagoas railway (55 miles) 

AIaIS| chief town of arrondissement, department of 
Qard, France, 27 miles N.W. by N. of Nimes, on railway 
from Paris to Nlmes, vid the Gevennes. Amongst the 
public institutions are the municipal chemical laboratory 
and two hospitals. Sericulture is extensively engaged in, 
and silk, both mw and manufactured, fiiniislies a larg<^ 
part of the town's widespread trade. Pasteur here pro- 
secuted his early investigations. A statue has lieen 
erected to his memory. The chemist Dumas was a native 
of Alais. Population (1881), 16,945; (1891), 18,333; 
(1896), 18,249. 

AIqJuoIAi a province of Costa Rica, Central America. 
Its area is 4250 square miles, and the population in 1897 
numbered 60,000. The capital is Alajuela, and amongst 
other considerable towns are San Bani6n, Grecia, Atenas, 
and Naranjo. The province is divided into seven cantons. 

AlaJUOlHf capital of the above province, situated at 
the terminus of the railway line from Limon, 12 miles W. 
of San Jos6, and 23 miles W.N.W. of Cartago. It has 
some trade with Punta Arenas, 23 miles distant by mule 
road, and on the formation of the new ])ort on the Pacific 
at the head of the Gulf of Nicoya will increase in import- 
ance. Population, 7000. 

AlftmodAf a residential city of Alameda county, 
California, U.S.A., is situated in 37** 46' N. lat. and 
122® 16' W. long., on the east side of San Francisco Bay, 
directly south of Oakland, and separated from it by San 
Antonio creek. Its site is low and level and its plan 
fairly regular. It is entered by the Southern Pacific 
railway. The population in 1880 was 5708, in 1890 
it was 11,165, and in 1900 it was 16,464. 

Alantika, Mount. See Cameroon. 
Alarcon, Podro Antonio do (1833-1891), 
Spanish writer, was born on 10th March 1833 at Guadix. 
He graduated at the university of Granada, studied law and 
theology privately, and made his first appearance as a 
dramatist before he was of age. Deciding to follow literature 


as a profession, he joined with Torcuato Tfirrago y Mateos 
in editing a Cadiz newspaiior entitled El Eco de Oeddente. 
In 1853 he travelled to Madrid in the hope of finding a 
publisher for his long continuation of Espronceda’s cele- 
brated poem, El Diablo Mundo, Disappointed in his 
object, and finding no opening at the capital, lie scuttled at 
Granada, became a Radical journalist in that city, and 
showed so much ability that, in 1854, he was aiqjointed 
editor of a very advanced journal, El Ldtigo^ published at 
Madrid. The extreme violence of Ids polemic writings led 
to a duel between him and the Hyronic poet, Josi^ 
Ileribcrto Garcia Quevedo. The earliest of his novels, El 
Final de Eomuiy was published in 1855, and though its 
construction is feeble, it brought the writer into notice as 
a master of elegant prose. A small anthology, called 
Mananas de Abril y Mayo (1856), proves that Alarct'in 
was recognized as a leader by young men of promise, for 
among the contributors were Castelar, Manuel del Palacio, 
and L6pez de Ayala. A dramatic piece, El Ihjo prddigo, 
was hissed off the stage in 18.')7, and the failure so stung 
Alarcdn that he enlisted under O'Donneirs command as a 
volunteer for the war in Morocco. His Diairio de vn 
testigo de la guerra de Africa (18.^9) is a brilliant account 
of the events of the exiiedition. The first edition, 
amounting to fifty thousand copies, was sold within a 
fortnight, and Alaredn's name lieearne famous throughout 
the Peninsula. The book is not in any sense a formal 
history ; it is iirecisely what its title implies, a series of 
picturesque impressions told with remarkable force. On 
his return from Africa Alar(’6n did the LilnTal party much 
good service as editor of La Folitica^ but his marriage to 
a devout lady, Paulina (kintrera y Reyes, in 1866, led him 
to modify his political views considerably. On the over- 
throw of the monarchy in 1868, Alarcdn advocated the 
claims of the Due de Montpensier, was extremely neutral 
during the period of the Republic, and declared himself a 
Conservative upon the restoration of the dynasty in 
December 1874. These political variations alienated 
Alarcdn's old allies and failed to conciliate the royalists. 
But though his ][K)litical influence was ruined, his success 
as a writer was greater than ever, ^'he publication in the 
Revista Europea (1874) of a short story, “El Sombrero de 
tres picos,” a most ingenious resetting of an old popular 
tale, made him almost as well known out of Sjiain as in it. 
This remarkable triumph in the picarescpie vein encouraged 
him to produce other works of the same kind ; yet, though 
his Cnentos amatorios (1881), his }hs(ta*ietas naemiales 
(1881), and his Narraciones inverosimiles (1882) are 
pleasing, they have not the delightful gaiety and charm of 
their predecessor. In a longer novel, El Escdndalo (1875), 
Alarc6n hod appeared as a partisan of the neo-Catholic 
reaction, and this change of opinion brought upon him 
many attacks, mostly unjust. His usual bad fortune 
followed him, for while the Radicals denounced him as an 
apostate, the neo-Catholics professed that El Escdndalo 
was tainted with Jansenism. Of his later volumes, written 
in failing health and spirits, it is only necessary to mention 
the Capitdn Veneno and the Hi&toria de mis libras, both 
issued in 1881. Alarc6n was elected a menibcr of the 
Spanish Academy in 1875. He died at Madrid, after a 
long and painful illness, on the 20th of July 1891. The 
impression which he makes upon the reader is brilliant, but 
unenduring. His later novels and tales anj disfigured by 
their didactic tendency, their feeble drawing of character, 
and even by certain Gallicisms of style. But, at his best, 
Alarcdn may read with great pleasure. The Dtario de 
un testigo is still unsurpa8.sed as a picture of campaigning 
life, while “ El Sombrero de trt's picos ” is a very perfect 
example of malicious wit and minute observation. 

(j. F. K.) 
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Alard, Jean Delphin (I 815 -I 888 ), a dis- 
tinguished French violinist and teacher, was bom at 
Bayonne, 8th May 1815, and died at Paris, 22nd February 
1888. He was a pupil of the Pkris Conservatoire, under 
Habeneck, from 1827 ; he succeeded Baillot as pro- 
fessor there in 1843, and retained the post till 1875. 
His playing’ was full of fire and point, and his comixjsi- 
tions, consisting mainly of fantasias and such things, had 
a great success in France, while his Violin ISchool had 
a wider vogue arid considerably greater value. 

Ala-shehr, the classical a town of Asia 

Minor, in the Smyrna vilAyet, situated in the valley of the 
Kuzu (Miai (CoffamuM), at the foot of Boz Dagh ( J/. Tnwlus), 
Philadelphia was a Pergameno foundation, was one of the 
‘‘ seven churches ” of Asia, and was called “ Little Athens ” 
on account of its festivals and teinjiles. It was an inde- 
Iiendont, neutral city when taken in 1390 by Sultan 
Bayazid 1., and an auxiliary Christian force under the 
Emperor Manuel II. The town is connected by railway 
with Konia and Hmyrna. There are small industries and 
a fair trade. From one of the iiuneral springs comes a 
water known in coinmt?rce as “ Eau do '\’’als.” Population, 
22,000 (Moslems, 17,000; Christians, 5000). 

Alaska. — Alaska, formerly Bussian Amkrica, is a 
territorial district of the lluitt*d States, occupying the 
north-western extivme <if Nortli America and adjacent 
islands. The inhabitants of the Aleutian islands called 
the continental land (»astward from them Alayeksha, which 
was corrupted by early Jhissian (»xj»lorers to Aliashka. 
The name was subseipicntly restricted to the peninsula, 
and, in the simplilied form now adopted, was projiosed as 
a name for the now territory by Charles Sumner in a 
speech before the U.S. Sijnatc advocating its jiurchaae. 
The territory of Alaska coinjiriscjs, first, all that j^mrt of 
continental North America west of the 14l8t meridian 
frf)rn Greenwich ; secondly, the eastern Diomede Island 
in Bering Strait and the islands of Bering Sea, and the 
Aleutian chain e^ist of a lino drawn from the Diomodes in 
a south-westerly direction so as to pass midway between 
Attn Island of the Aleutian, and Copper Island of the 
Commander grouj) ; lastly, of a narrow strip of coast with 
its adjacent islands, north of lat. 51“ 40' N., west of Portland 
Channel, and thence, as designated in the treaty of cession, 
bounded to the oiist and north by a lin€j, following “ the 
summit of the mounhiiiis situated parallel to the coast ” 

“ to the point of intersection with the Hist meridian,” pro- 
vided that when this line “ shall prove to be at a distance 
of more than ton marine leagues from the ocean the limit ” 

“ shall be formed by a line parallel to the windings of the 
coast and which shall never exceed the distance of ten 



marine leagues therefrom” The islands comprise several 
main groups : the Alexander Archi])elago, extending from 
the southern boundary north-westward to Cape Spencer ; 
the Kadiak group, south-east of the peninsula of Alaska ; 
the Catherina Archipelago, westward from the end of the 
peninsula to Attu, and is further subdivided into four 
minor groups — the Fox, Andr(‘anoflF, Hat, and Nearer 
Islands, often collectively designated the Aleutian Islands. 
Northward from the Aleutian group, in Bering Sea, are 
the Pribiloff or Pur Seal Islands, St Matthew, and St 
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Lawrence, at subequal distances, and the large island of 
Nunivak eastward near the coast. The estimated area 
of the Alexander Archipelago is 31,205 square miles, and 
of the Aleutians 6391 square miles. The total area of 
the territory is approximately 580,107 square miles. From 
north to south it extends about 1200 miles, and from east 
to west nearly 2400 miles. 

The coast-line, omitting minor sinuosities but including 
I the islands, exceeds 16,000 miles. Beginning at the 
i south and proceeding northward and westward the most 
conspicuous caries are Muzon, Ommaney, Spencer, St Elias, 
Newenham, Vancouver, Romanzoff, Prince of Wales (the 
westernmost point of the continent), Lisbume, Icy Cape, 
and Point Barrow, the last being the most northern point 
of the territory and situated in lat. 71** 20' N. and long. 
156“ 15' W. Throe great peninsulas project from the 
shores : Kenai, to the east of Cook’s Inlet, the peninsula 
of Alaska, and the Kaviak peninsula between Kotzebue 
and Norton Sounds. The great embayment north of a 
line drawn from Queen Cliarlotte Islands to Kadiak has 
boon named .the Gulf of Alaska. Omitting the inter- 
stices of the archipelago, Yakutat Ray, Prince William 
Sound, Cook’s Inlet, are the jiriiicipal arms of the gulf. 
The eastern shores of Bering Sea are indented by Bristol 
Bay, north of the Alaska peninsula, and Norton Sound, 
south of the Kaviak peninsula ; north of the latter Kotzebue 
Sound is the only inlet of inii)ortance. 

The entire north-west cotist of America is folded by 
mountain -building forces in general harmony with the 
trend of the coast. The state of Washington, British 
Columbia, and South-eastern Alaska have had their strata 
violently and shari)ly crumpled, the lines of elevation 
and depression being roughly N.N.W. and S.S.E., with 
occasional tmnsvorse depressions. These have been the 
site of a vast system of glacrial action which has deepened 
and modelled the valleys, though its ])rocesseB were never 
carried far enough to cut down and remove tJie intervening 
ridges. The result is what has been aj>tly termed a “ sea 
of mountains,” in which the existing glaciers, Btu])endous 
as many of them arc, are mere tatters of the ice that 
jiroccded them. Consequently this coast, unlike that of 
Norway, which in outline is not dissimilar, is bold, steep, 
and craggy, with few beaches and hardly level shore 
enough anywhere to build a cabin on or cultivate a garden 
|iatch. Nevertheless the mountain sides are densely 
wcK^dod with evergreens, the snow-line being at an approxi- 
mate elevation of 3000 to 5000 feet, according to location. 
The (lassages of the archipelago are merely submerged 
j)ortions of this broken area, and would be reduidicated 
to the eastward were the level of the land to be still 
further depressed. The summits are of unusually even 
elevation, and, near the sea, present no peaks of remarkable 
height. North-westward from Cape Spencer the mountain- 
building forces seem to have been more intense and the 
ranges of the Fairweather and St Elias Alps rise to great 
heights at a short distance from the sea. Mt. Fairweather 
(15,300 feet), Lituya (12,000), Laperouse (10,750), Cook, 
Vancouver, St Elias (18,100), and, further inland, Logan 
(19,500), are the most noteworthy summits of this region. 
The Muir glacier, the Malaspina, and the Bering glacier 
flank portions of these mountains and rank next to those 
of Greenland. These mountains continue westward 
parallel with the coast and terminate as the backbone 
of the Kenai peninsula. Parallel uplifts further inland 
near the meridian of 146* W. rise to great heights. Mt. 
Tillman has been assigned a height of 16,600 and Mt 
Wrangell of 17,500; the latter, on somewhat insufficient 
evidence, has been ranked as a volcano. Still further 
north and west a range which corresponds in general with 
the line of the range of the Alaska ixsninsula further 
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south and west, and which has been named the AJaskan 
mountains, culminates in lat. 64* N. in the peak of Mt. 
McKinley, rising over 20,000 feet. Beyond the Alaskan 
range and its foothills lie broad river valleys, north-west- 
ward from which are ranges of comparatively low hills, 
none of which have been recorded as exceeding 3500 feet, 
and beyond which again stretches the Arctic tundra. 

Much of the rock of North-Western Alaska is volcanic. 
Along the great lino of orographic folding indicated by 
the Alaskan range and the Aleutian chain numerous 
remarkable volcanic peaks exist, varying in height up to 
12,000 feet. Enumerating them from Cook’s Inlet west- 
ward, and omitting all cases of doubtful vulcanicity, the 
most notable are Redoubt Volcano, Iliamna, Augustin, 
Olai, Chiginagak, Pavloff, Isanotski (extinct), Shishaldin, 
Akutan, Makushin, Vsevidoff, Atka, Gareloi, and Semiso- 
pochnoi, all of which, with the exception noted, emit 
steam or smoke, or show other 
evidences of activity. North of 
the Alaskan range no active vol- 
canoes are at present known. 

The transverse depressions of 
the mountainous continental 
border are occupied by rivers and 
continued as straits. Thus the 
Naas river, just south of the 
boundary, corresponds to the 
trough of Dixon Entrance and 
Portland Chaimel, the Stikine to 
that of Sumner Strait, the Taku 
to that of Cross Sound. The 
summit of the mountains at the 
head of Lynn Canal, situated 
about 1 5 miles from the sea, has 
an elevation of 2800 feet (White 
Pasa^ to 3500 feet (Chilkoot 
Pass); and here only, on the 
whole extent of the South-Eastern 
Alaskan coast, is a clear-cut water- 
shed exhibited between the sea- 
board and interior drainage. Be- 
tween the Alexander Archipelago 
and the jieninsula of Alaslm but 
few rivers make their way across 
the ranges to the sea, chiefly 
through difficult canyons. The 
Atna, or Copi>er river, is the most 
important of these and reaches 
the sea just east of IVince William 
Sound. At the head of Cook’s 
Inlet a considerable valley is 
drained by the Knik (Fire) and Sushitna rivers. The 
latter rises in the Alaskan range. North-westward from 
the main axis of this range, especially towards the coast 
of Bering 8ea, a number of large lakes exist, giving rise 
to rivers of some magnitude. West of Cook’s Inlet, over 
the range. Lake Clark and Lake Iliamna feed the Kvichak 
river. Another assemblage of many smaller lakes is 
drained by the Nushagak river. Both empty into Bristol 
Bay. North of Cajje Newenham Bering Sea receives 
the Kuskokwim, as yet hardly explored,* but I)elieved to 
have a length of 450 miles, chiefly through a rather 
mountainous country. Next northward, in latitude about 
62* 30', is the enormous delta of the Yukon, the chief 
river of Alaska and one of the great rivers of the world. 
It rises in British Columbia ; the head of the branch called 
the Lewes river rising within 30 miles of the coast of Lynn 
Canal. Flowing in a north-westerly direction it cuts the 
Alaskan range, forming a canyon called the Upper 
Ramparts ; a little later it receives the famous Klondike 


river from the north-east, and enters Alaska in about 
lat. 65* N. Just above the Arctic circle, near the site 
of old Fort Yukon, it turns to the south-west, iiasses 
through the canyon of the Lower Ramparts, receives 
from the south-east a large tributary, the Tanaiid; 175 
miles farther down receives the Koyiikuk river from the 
northward, bends more to the southward, and in about 
lat. 62* N. turns again to the north-west and debouches 
through a vast delta into Bering Sea, south of Norton 
Sound. The total length of the unsurveyed Yukon has 
been estimated at 2000 miles ; near the delta, in spring, 
one bank is not always visible from the other. It is 
navigable for steamers of light draft nearly to its head- 
waters, navigation opening early in June and closing in 
October. In the summer of 1899 thirty-five steamers 
were in active service on its waters. North of Bering 
Strait a number of rivers fall into the Arctic Sea : of these 


the most notable are the Sclawik, Kowak, and Noatak of 
Kotzebue Sound ; the Meade, Ikpikpung, and Colville of 
the Arctic coast. 

The region now known as Alaska was first explored 
by the Russian officers Bering and Chirikolf in 1741. 
They visited jMirts of the coast between Dixon 
Entrance and Cape St Elias, and returned along 
the line of the Aleutians. Their exiiedition was followed 
by many private vessels manned by traders and trappers. 
Spanish ext)edition8 in 1773 and 1775 visited the south- 
eastern coast and laid a foundation for subsequent terri- 
torial claims. Cook in 1778 made surveys from which 
the first approximately accurate chart of the coast was 
published ; but it was reserved for Vancouver, in 1 i 93-94, 
to make the first charts, in the moclcrn sense, of the 
intricate south-eastern coast, which only in recent years 
have been superseded by new surveys. Owing to excesses 
committed by private traders and companies, the 
and regulation of the Russian possessions was in 1799 
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confided to a semi-official corporation called the Bussian- 
American Company for a term of twenty years, afterward 
twice renewed for a similar period. Alexander Bardnoff, 
one of the early administrators, became famous through 
the successes he achieved as governor. He founded Sitka, 
the present capital, in 1804, after the massacre by the 
natives of an earlier settlement at an adjacent point. In 
1821 Russia attempted by ukase to exclude navigators 
from Bering Sea and the IVific (kwist of her jiossessions, 
which led to immediate protests from the United States 
and Great Britain. Tliis led to a treaty with the United 
States in 1824 and one with Great Britain in 1825, by 
which the excessive demands of Russia were relinquished 
and the boundaries of the Russian ix>88es8ion8 were fixed 
as at present. The last charter of the Ruasian-American 
Company expired Slst December 1801, and Prince 
Maksiitoff, an imiierial governor, was appointed to ad- 
minister the affairs of the territory. In 1864 authority 
was granted to an American corafiany to make explorations 
for a proposed liusso-American telegraph lino overland 
from the Amur river in Siberia to Bering Strait, and 
through Alaska to British Columbia. Work was liegun 
on this scheme in 1865 and continued for nearly three 
years, when the success of the Atlantic cable rendered 
the building of the lino unnecessary and it was given up, 
but not until important explorations, especially of the 
Yukon region, had been made by Kennicott, Ketchum, 
Kennan, and Dali. 

In 1867 negotiations with the Russian Government 
resulted in the purchase of Russian Americii by the United 
States for the sum of $7,200,000, and on J8th October 
1867 the formal transfer of the territory was made in 
Sitka. In 1870 the fur sefil industry of the Pribiloff Islands 
was leased for twenty years to the Alasbi Commercial 
Company under certain restrictions, producing for that 
period an average revimnc to the Government of $317,000. 
After the expimtion of the lease in 1890 a renewal of the 
monopoly was secured by the North Aini^rican Commercial 
Company at an increased rental, l^dagic sealing, which 
began to Iw of importance filK)ut 1 882, made great inroads 
on the herds during their migrations ; and it was contended 
that, o^ving to the killing of female seals in the waters 
of Boring Swi during the bnjediiig season, the total 
destruction of this commercially valuable industry was 
imminent. After i)rotracted iKJgotiations between the 
United States and Groat Britain the subject was referred 
to arbitrators, who met at Paris in 1 893 and decided that 
the stials were fercB ncitwrm^ but, in view of the interests 
involved, formulated regulations in the belief that they 
would mitigate the evils complained <}f. 

In 1895 the discovery of rich deposits of gold on the 
Klondike tributary of the Yukon induced a vast immi- 
gration of prospectors, not only into British territory but 
into every jmrt of Alaska, with the usual concomitants 
of hardship to those involved. Over 50,000 people are 
believed to have been engtiged in this search for the 
precious metal, and a vigorous exploration of the territory 
by the United States Government was one of the results. 
Numerous placers were discovered in the gold belt, which 
extends in a general line from old Fort Selkirk on the 
Yukon to Boring Stniit, with an average width of alxmt 
100 miles. The gold-ljearing gravels are chiefly on the 
smaller tributaries of the Y ukoii, where numerous mining 
camps have sprung ui> with a fluctuating |>opulation. 
In 1898 gold was discovered on the north shore of Norton 
Sound at Cape Nome, and a year later the settlement of 
Anvil City in this district was reported to contain a 
population of 5000, and to have produced during 1899 
nearly two millions of dollars. 

Alaska may be divided climatologically and topographi- 
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cally into several districta The SUha district takes its 
shore water mainly from the Japanese current or ^ 

Kuro Siwo, which performs for the Pacific such * ^ 
a function as does the Gulf Stream for the Atlantic ; but 
owing to the much greater breadth of the Pacific, the 
heat and energy of the Kuro Siwo are greatly depleted 
before it reaches America. It crosses the ocean far south 
of the Aleutian Islands in about lat. 45*’ N. and impinges 
on the American coast near Queen Charlotte I^nds. 
Thence one portion turns southward and the other north- 
ward and westward along the coast, becoming finally 
dissipated among the Fox Islands. To the warmth and 
moisture brought by this means the Sitkan district owes 
its fog and rain (80 to 103 inches per annum), its high 
mean temperature (43'’'28), and its dense vegetation, 
chiefly of spruce, hemlock, and cedar. The narrow, deep 
channels, precipitous wooded slopes, multitudinous islands, 
and mai^nd glaciers make this district remarkably 
picturesque and characteristic, attracting thousands of 
tourists. It is inhabited by Indians of the Haida and Tlinkit 
stocks, who live chiefly by fishing and hunting. The prin- 
ci|)al settlements are Sitlm on Bardnoff Island, the capital 
of Alaska, where the chief officials are stationed ; Douglas, 
on Douglas Island, a town grown up about the mines of 
the Treadwell lode, an enormous mass of low grade ore, 
reduced by mills of 800 stamps and producing nearly 
$1,000,000 per annum ; Juneau, on the mainland opposite, 
another mining town fed by the precious metals of the 
Silver Bow basin adjacent ; and Skagway, at the head of 
Lynn Canal, the port of entry for the Yukon, which is 
reached by the Yukon and White Pass Railway from 
Skagway to Lake Bennett, in Canadian territory. A 
missionary colony on Annette Island, under the direction 
of the Rev, Mr Duncan, contains about 900 Indians of 
the Tsimpsyan stock from British Columbia, and is famous 
for its thrift and successful influence upon these people. 
Agriculture is difficult in this district, but potatoes and 
many garden vegijtables are successfully grown. The 
Kadiak district includes Cook’s Inlet, the peninsula of 
Alaska, and the Kadiak islands. It is less densely 
wooded, with more sunshine, less rain, and greater seasonal 
extremes of temperature. There is more arable laud and 
the possibilities of agriculture are greater, but the mining 
resources aj)parently less. The district exists by its 
salmon fisheries, the waning fur trade, a few placer and 
quartz mines, and a little agriculture. There are large 
deposits of tolerably good Eocene lignite. The princi^ 
settlements are Sunrise City, a placer mining camp at 
the head of Turnagain arm of Cook’s Inlet; St ]l^ul, 
on Kadiak Island ; and Unga, on the island of the same 
name, largely supported by the ApoUo Mine, the second 
best quartz mine in Alaska, producing over $200,000 in 
gold annually. The Aleutian district derives its name 
from traditions of islands beyond the Oliutorsk Cape of 
Kamchatka, which related to the Diomedes. When the 
Russians explored Bering Sea and found the Cathorina 
Archipelago they transferred to it and its people the name 
of the long-sought Oliutorski Islands. The islands are 
destitute of trees but covered by a luxuriant growth of 
herbage, and have a foggy, somewhat boisterous, but less 
rainy climate thian that of Sitka, with about the same 
mean temperature, very free from extremes. They are 
inhabited by the Uniingun (long known as Aleuts), a 
rapidly-decreasing race, half civilized, with many virtues 
and the usual aboriginal weaknesses. Their chief resource, 
the sea otter, is nearly exterminated, the fur seal industry 
in a state of Seeling and the people live chiefly by fishing. 
There are no native land animals larger than the blue fox ; 
but sea fowl are remarkably abundant, cod and other sea 
fish plentiful, and salmon obtainable in moderate quantity* 



A L A-T AU — ALBACETE 


Agricnlture is hardly practised, though a few vegetables 
are raised. The raising of sheep and reindeer is believed 
to be practicable on the less mountainous islands. The 
chief settlements are on Unal&shka Island, where Dutch 
Harbour is the principal port for Bering Sea, commerce ; 
Atka, on the island of the same name; and the small 
settlement of Attu, at the western extreme of the chain. 
The Yukon district^ which may be taken as the vast 
region north-westward from the Alaskan mountains, has 
a colder and drier climate than those above mentioned, 
passing northward into Arctic conditions. The immediate 
shores are treeless, but the interior is fairly well wooded 
with spruce, poplar, and birch along the water -courses. 
The inhabitants of the coasts are Eskimo, of the interior 
Tinneh, or Athabaskan Indians. The search for gold has 
brought into the valley of the Yukon and its tributaries 
a large population of prosi)ector8. The residents depend 
for substance chiefly upon salmon and white flsh, with 
which the rivers swarm; wild fowl, which are very 
abundant; and the continental mammals, chief of which 
is the wild caribou. Mining for placer gold is the only 
industry, the fur trade being now unimportant, and there 
are few salmon canneries. The chief port for the Yukon 
is St Michael, on Norton Sound, though a largo mining 
camp, called Anvil City, has been established at Cape 
Nome, on the north shore of the sound. 

Though forming what is called a judicial and customs 
district, Alaska is still an unorganized territory, with a 
governor and some other officials appointed by the president. 
Since 1884 the people have vigorously worked for the 
extension of law and the organization of some kind of 
official system throughout the territory. Until recently 
these efforts have been but partially successful, but in 
1900 a code for the administration of the territory under 
improved conditions became law. The total population in 
1890 was 32,052, of whom 23,531 were natives, 1823 of 
mixed blood, and 4298 white. Of the natives 6000 were 
of Haida, Tsimpsyan, and Tlinkit stock; 3400 of the 
Tinneh tribes, 1000 Aleuts, and 13,100 Eskimo. The 
annual diminution of the native population (1880-90) was 
about 2 iKjr cent., and of late the rate is believed to be 
much more rapid. It is estimated that the white popu- 
lation was in 1900 about 32,000. 

The products of the territory have fluctuated with the 
decline of certain industries and the rise of others. In 
1890 they wore as follows : — 

Fur seal \ yearly average / value gl, 744,200 


Other fur I for ten years \ ,, 628,400 

Salmon (coses tinned, 642,175) ,, 2,568,700 

„ (salted, 18,089 barrels) „ 162,351 

Cod (salted, 760 tons) . . „ 88,000 

Whale oil (12,503 barrels) . „ 116,250 

Whalebone (231,981 lb) . „ 468,962 

Walrus ivory (5799 lb) . „ 8,000 

Gold 4,604,500 

Silver 27,340 


The value of gold produced by the territory in 1899 is 
calculated by the director of the United States Mint to 
be $4,610,000, and of silver $258,585. The fur seal 
skins taken in 1887 on the Pribiloff Islands numbered 
106,000 ; those taken by the pelagic sealers, 20,628. In 
1897 the Pribilofis could furnish only 19,200, while the 
pelagic catch was 24,321. The continental fur trade is 
waning, and, owing to competition, less profitable than 
formerly. The whale fishery, now carried on only for the 
baleen, as there is no profit on the oil, is reduced to eight 
vessels. The salmon and cod fisheries are reasonably 
prosperous. Mining lias taken a great stride in advance, 
especially for the precious metals, and the prospect of 
valuable copper mines in the Prince William Sound region 
is believed to good. 
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See Whtmpeb. TramU in Alcuika and on the Yukon, 1868. — 
Dall. Alaska and its Hesourees, 1870.— BAKCRorr. History of 
Alaska, 1886.— Shepard. Cruise of the 1889.— U.S. 

Senate ex. doc. 146. Hepori on the Boundary Itne between Alaska 
and British Columbia, 1889. — Wellcome. The Story of Met- 
lakahtla, 1887. — Scidmoue. Alaska and the Silkan Archipelago, 
1885. — U.S. Coast Survey. Meteorology and Bibliography of 
Alaska, 1879; Coa^ Pilot of Alaska, 1883. — US. Tfeological 
Survey (Dall) — Coal and Lignite of Alaska, 1896 ; (Bkckek)-— 
Goldfields of Southern Alaska, 1898 ; Map of Alaska, ^oith descrip- 
tive text, 1898. — Dall. Bemains of Prehistoric Man in Alaska, 
1878 ; Tribes of the Extreme Mftrth- West, 1877 ; Alaska as it was 
and is, 1895. — U.S. State Department (D. S. Jordan) — Fur Seals 
and Fur Seal Islands of the North Pacific, 1898-99. 

(W. H. n.) 

AlA-itttiU {Variegated Mountains) is the name of 
three different mountain ranges in the llussiaii dominions 
in Asia: (1) the Kuznetsk Ala-tau is on the frontiers of 
Tomsk and Yeniseisk {q.v .) ; (2) the Dzungariaii Ala-tau is 
in the province of Semiryechensk {q.v.) ; and (3) the 
Trans-Ili Ala-tau is in Turkestan {q-v,\ 

Alatyri a district town of Kussia, in the government 
and 107 miles N.W. of Simbirsk, on the Sura, a tributary 
of the Volga, in steamer communication with Yasilsursk on 
the Volga, and by rail with Kazan (153 mih's). It does 
considerable trade in corn and has some historically 
important monasteries. I’opulation (1S97), 11,090. The 
important river port of Promzino Gorodische (4350) is in 
its district. 

AlftVay a province in the north of Spain- -one of the 
Spanish Basque Provinces, q,v , — with an area of 1200 
square miles. The countship of IVevino (190 square miles), 
in the centre of the province, belongs to the province of 
Burgos. Population (1897), 94,642. There are two admin- 
istrative districts and eighty-five parishes. Few provinces 
in Spain are inhabited by so laborious, active, and well- 
to-do a population. The primary schools arc numerously 
attended, and there are very good normal schools for 
teachers of l)Oth sexes, and a model agricultural farm. The 
public roads and other works of the province arc* excellent, 
and, like those of the rest of the Basque provinces, entirely 
kept up by local initiative and taxes. Railways from 
Madrid to the French frontier, and from Castejon to Bilbao, 
both cross this provmce. The climate is mild in summer, 
fitful in autumn and spring, and very cold in winter, 
even the plains are a high plateau surrounded on three 
sides by mountains always suowclad during several mouths. 
Asphaltic stone is quarried, and there are minenil waters 
at many places, The local industries are of some import- 
ance since 1880 — foundries, manufactures of beds, furni- 
ture, railway carriages, matches, paper, sweets, woollen and 
cotton goods. Breadstuffs, colonial products, machinery 
are largely imported. The live stock in the province 
includes 7552 horses, 2844 mules, 1447 donkeys, 22,716 
cattle, 68,066 sheep, 14,614 goats, and 21,355 pigs. 
Wheat is grown on 49,95.5 acres; oats, barley, rye, and 
maize on 28,075; vines on 36,000; and olives on 1795. 
Only four mines are actually worked ; lead, blende, and 
lignite are produced. 

AlbftC0te| a province in the S.K. of Spain, with an 
area of 5971 square miles. Population (1897), 233,005. 
It is divided into eight districts and eighty-three i)arishes. 
The state and provincial roads are not in very good con- 
dition, and the municipal ones are worse. The climate 
is temperate in the mountainous ports of the Jurre Alcaraz 
district and in lower regions, but it is cold for months 
in the ranges that have peaks several thousand feet 
high; the rich and fertile valleys and some plains are 
most thickly peojiled. The live stock in the province 
includes 1987 horses. 16,461 mules, 15,252 donkeys, 2410 
cattle, 187,853 sheep, 60,687 goats, 22,113 pigs. Wheat 
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is grown on 342,415 acres, other cereals on 249,500 acres, 
vines on 98,630, and olives on 26,738, Two salt-mines 
are worked, and there are important lagoons. 

Alba>C0t0p the cajntal of the above province, has a 
station on the Madrid-Alicante line. Modem erections are, 
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A lbania, a portion of the Turkish Empire extend- 
ing along the western littoral of the Balkan jienin- 
sula from the southern frontier of Monttinegro to the 
northern con tines of Greece, is perhaps the least known 
region in Eurojie; and though more than a hundred 
years liavo passed since Gibbon descrilKjd it as ** a country 
within sight of Italy, which is less known tlmn the in- 
terior of America,” but little progress luis yet h&ou made 
towards a scientific knowledge of this ink»rebting lan<l and 
its inhabitants. The wild and iiuACcessible character of 
the country, the fierce and lawless disjiosition of the 
people, the difliculties presented by tluur language and 
their complex scK’ial institutions, and the inability of the 
Turkish authorities to afford a safe conduct in the remoter 
districts, combine to render Albania almost a lerra irtr 
cogniUi to the foreign travel I (ir, and many of its geo- 
graphical problems still remain unsolved. The region of 
the Mirdites, the Mat district, the neighbourhood of 
Dibra, and other loc^ilitics have never been thoroughly 
explonnl. The northern boundary of Albania has under- 
gone some alteration in consequence' of the enlargement of 
Montenegro, sanctioned by the Berlin Treaty (13th July 
1878); owing to subseciueiit arrangc'ments providing for 
the cession of Dulcigno to Montenc'gro (25th November 
1880) in exchange for the* districts of PJava and Gusinye, 
restored to Turkey, the frontier-line (finally settled Decem- 
ber 1884) now ascends the Boyana from its mouth to Lake 
Bass, thence passes northward, and crossing Lake Scutari 
separates the district of Kushka Kraina on the N. from 
the territories of the Hot and Klt'iueiit tribcjs on the S. ; 
leaving Gusinye and Plava to the S.K., it turns to the 
N.W, on reaching the Mokra Planina, and then follows 
the course of the Tara river. On the S., All)anian territory 
has been curtailed owing to the acciuisition of the Arta 
district by Greece (May 1881), the river Arta now form- 
ing the frontier. On the E. the chains of Sbxr, Grammos, 
and Findus constitute a kind of natural boundary which 
does not, however, coincide with ethnical limits, nor with 
the Turkish administrative divisions. Albania is inhabited 
by six different races : Albanians (who form the gre^At 
majority), Serbs, Bulgars, Greeks, Vlaclis, and Turks, 
together with an inconsidcjrable number of gypsies and 
Jews. The larger jiortiou of the interior is occupied by a 
fairly compact Albanian population. Since about the 
year 1870 there has been a remarkable advance of the 
Albanians in a north-easterly direction towards Prish- 
tina, Vrania, and Uskub, the invaders inflicting much 
injury on the Serb and Bulgar inhabitants. Servian 
settlements exist in various parts of Northern Albania; 
there is a strong Bulgarian colony in the neighbourhood 
of Dibra and Ochrida ; farther south, Mount Zygos and 
the Findus range — the “ Great Wallachia ” of the middle 
ages — are inhabited by Vlakhs or Tzintzars ; several 
Turkish settlements are found in the south-eastern districts, 
while in Southern Epiros there is a large admixture of the 
Greek element. North-western All>ania forms part of the 
Turkish vilayet of Kossovo ; the northern highlands are 
included in the vilayet of Shkodra (Scutari), the eastern 
portion of Central Albania belongs to the vilayet of 


besides other building the town hall, courts of justice^ 
barracks, and provinc^ council palace. There are an in- 
stitute, i^ools for teachers of both sexes, seven municipal 
and fifteen private schools. Matches are included in the 
manufactures. The population was 18,589 in 1887, and 
21,637 in 1897. 
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Monastir, and the southern districts are comprised in the 
vilayet of lannina. The boundaries of the three last- 
named vilayets meet near Elbassan. The name Albania 
(in the Tosk dialect Arheria, in the Oheg Arbenia), like 
Albania in the Caucasus, Armenia, Albany in Britain, 
and Auvergne {Arvmui) in France, is probably connected 
with the root of ft, a/jf), and signifies “ the white or snowy 
uplands,” 

The mountain system is extremely complex, especially 
that of the northern region. On the E. the great Shar 
range, extending in a south-westerly direction 
from the neighl^urhood of Frishtina to that of 
Dibra, is continued towards the S. by the 
ranges of Grammos and Finclos : the entire chain, a pro- 
longation of the Alpine systems of Bosnia and Dalmatia, 
may be described as the backbone of the peninsula ; it 
forms the watershed l)ctween the Aegean and the Adriatic, 
and culminates in the lofty peak of Liubotrn, near Kal- 
kandole, the highest summit in South-Eastern Europe 
(3050 metres). The country to the W. of this natural 
barrier may b(5 divided geographically into three districts — 
Northern, Central, and Southern Albania. The river Shkumb 
separates the northern from the central district, the Viossa 
the central from the southern. The highland region of 
Northern Albania is divided into two portions by the lower 
course of the Drin ; the mountains of the northern portion, 
the Bioska Malziis, extend in a confused and broken series 
of ridges from Scutari to tlie valleys of the Ibar and 
White Drin ; they comprise the rocky group of the Fro- 
kletia, or Accursed Mountains, with their numerous rami- 
fications, including Mount Velechik, inhabited by the 
Kastrat and Shkrel tribes, Bukovik by the Hot, Golosh 
by the Element, Skulsen (2296 metres). Baba Vrkh (about 
2227 metres), Maranazh near Scutari, and the Bastrik 
range to the E. South of the Drin is another complex 
mountain system, including the highlands inhabited by 
the Mirdites and the Mat tribe; among the principal 
summits arc Doia Mazzuklit, Mal-i Velesh, Kraba, and 
Toll Central Albania differs from the northern and 
southern regions in the more undulating and less rugged 
character of its surface ; it contains considerable lowland 
tracts, such as the wide and fertile plain of Musseki, 
traversed by the river Simen. The principal summit is 
Tomor (2413 metres), overhanging the town of Berat 
Southern Albania, again, is almost wholly mountainous, 
with the exception of the plains of lannina and Arta ; the 
most noteworthy feature is the rugged range of the 
Tehika, or Khimara mountains, which skirt the seorcoast 
from S.W. to N.E., terminating in the lofty promontory 
of Glossa (ancient Akroheraunia), Further inland the 
Mishkeli range to the N.E. of Lake lannina and the 
Nemertzika mountains run in a parallel direction. In the 
extreme S., beyond the basin of the Kalamas, the moun- 
tains of Siili and Olyzika form a separate group. The 
rivers, as a rule, flow from E. to W. ; owing to the rapidity 
of their desceift none are navigable except the Boyana and 
Arta in their lower courses. The principal rivers are the 
Boyana, issuing from Lake Scutari, and consequently 
regarded as a continuation of the Montenegrin Moratcboi 
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the Drin, formed by the confluence of the White and Black 
Drin, which flowing respectively to the S. and K. through 
a long valley at the foot of the Shar range, take a westerly 
direction after their junction, the Matia, the Arzen, the 
Shkumb (anc. Genuaoa), the Simen (anc. Apsoa), formed 
by the junction of the Devol and Ergene, the Viossa (anc. 
A^), which owing to the trend of the Chimara range 
takes a north-westerly direction, the Kala- 
mas (anc. Thyamia)^ and the Arta (anc. 

flowing S. into the Ambracian 
Gulf. A portion of the stream of the 
Drin has recently found its way into the 
Boyana channel; the result has been a 
rise in the level of Lake Scutari and the 
inundation of the adjacent lowlands. A 
proposal to confine the Drin to its former 
course by means of a dyke, and to ease the 
downflow of the Boyana by a canal open- 
ing navigation to Lake Scutari, has long 
been considered by the Turkish authorities. 

The great lakes of Scutari (350 sq. kil.) 
and Ochrida (270 sq. kil.) are among the 
most beautiful in Eurojie; the waters of 
the latter, which find an outlet in the 
Black Drin, are of marvellous clearness. 

Lake Malik, to the S.W. of Ochrida, is 
drained by tho Devol. The waters of the 
picturesque Lake lannina (61 sq. kil.) find 
an issue by katahothra^ or underground 
channels, into the Ambracian Gulf. The 
lake of Butrin to (aiic. Buthrotum) is near 
the sea-coast opposite Corfu. 

The climate is healthy in the uplands, 
though subject to violent changes ; in the 
valleys fever is very prevalent, especially 
in the basins of the Boyana, the lower 
Drin, and the Simen. The winter is short, 
but exceedingly cold ; snow remains on 
the Prokletia and other mountains till 
August, and sometimes throughout the 
year. The summer temperature in the 
plains is tliat of southern Italy; in tho 
mountain districts it is high during the 
day, but falls almost to fnjezing-point at 
night. The sea -coast is. exposed to the 
fierce hora^ or north wind, during the 
spring. 

The mountains of Albania aro said to be 
rich in minerals, but this source of wealth 
remains practically unexplored, 
protfwte. probably abund- 

ant, and silver-lead, cojiper, and 
antimony are believed to exist. Gold mines 
wore worked in antiquity in tho Drin 
valley, and silver mines in the Mirdite 
region were known to the Venetians in 
the middle ages. At Selinitza, near Avlona, 
there is a remarkable deposit of mineral 
pitch which was extensively worked in 
Roman times ; mining ojierations are still 
carried on here, but in a somewhat primi- 
tive fashion. The splendid forests, of which there are 
70,000 square acres in the vilayet of Scutari alone, are 
undergoing a rapid process of destruction, as in other 
lands under Turkish rule. Tho principal trees are the 
oak, the valonia oak, the beech, ash, elm, plane, celtis, 
poplar, and walnut, which give way in the higher regions 
to tho pine and fir. The oak forests near Dibra, where 
charcoal-making is a considerable industry, and the beech- 
woods of the Prishtina district, are especially remarkable. 


245 

The sumach is largely grown in the Mirdite district ; its 
leaves are exported to Trieste for use in tanneries and 
dyeworks. In 1898 the export of valonia was estimated 
at 280,000 francs, of sumach at 60,000 fiancs. Of fruit- 
trees tho white mulberry, cherry, and wild pear are 
plentiful; the chestnut and walnut arc sometimes met 
with, and the olive is grown in the lowland and mari- 


time districts. The exportation of olive oil in 1898 
was valued at 600,000 francs. The greater part of 
the country is admirably suited to viticulture, and wine 
of tolerable quality is produced. Tobacco is giown ex- 
tensively in Southern Albania, esj)ecially near Herat and 
in the upper valley of the Viossa, but the ciuantity ex- 
ported is small. The means of hubsistence are mainly 
provided by the cultivation of gi'ain and cattle-rearing. 
Notwithstanding the primitive condition of agriculture. 



Sketch Map of Alhania. 
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the deficiency of communications, and the damage caused 
by frequent inundations, Albania furnishes almost the 
entire corn supply of the Dalmatian coast and islands. 
Maize is the favourite grain for home consumption, but 
considerable quantities of this cereal, as well as barley, 
rye, and oats, are exported. The total export of coreaJs 
in 1898 was valued at 1,770,000 francs. Sheep and 
goats form almost the only wealth of the mountaineers of 
Northern Allxiuia; large cattle are found only on the 
plains. The slojxis of Pindos afford excellent jiasture for 
the flocks of the Vlakh shepherds. The exi)ort of raw 
hides and wool is considerable ; the former was estimated 
in 1898 at 2,260,000 francs, the latter at 600,000 francs. 
The lakes and rivers of Albania abound in fish. The 
scoranze^ a kind of sardine, is taken in great quantities in 
Lake Scutari ; it is salted and smoked for home consump- 
tion and exportation. Sea fishing is almost wholly 
neglected. There are salines at Avlona and other places 
on the coast. 

The exports in 1 898 wore estimated at 1 2,000,000 franc^ 
the imports at 34,000,000 francs, the former comj)rising agri- 
cultural produce, live stock, hides, wriol, cheese, 
eggs, poultry, olive oil, valonia, sumach leaves, 
inda9tri«B, timber, skins of wild animals, silk, tobacco, 
and salted flsh, the latter manufactured articles, 
cloth, hardware, furniture, fircArms, gunjiowder, sugar, 
coflee, etc. The monopoly of Allmnian commerce formerly 
possessed by Venice htis descended to Austria-Hungary; the 
trade with other countries, excf'pt Italy, is inconsiderable. 
Owing to the jioverty of the ])eople, cheap Austrian goods 
And a readier sah* than tlio more expensive and solid British 
manufactures. Tbe maritime traffic is largely conducted 
by the steamers of the subsidized Austrian-] Joyd company, 
Trieste being tlio princijial comniorcial centre; the coasting 
trade is earned on by small Greek and Turkish sailing 
vessels. The trade of the northern and western districts 
has to some extent boon diverted to Salonika since the 
opening of the railways from that town to Mitrovitza and 
Monastir. The development of commerce is retarded by 
lack of communications ; tbe country possesses no rail- 
ways and few roads. Several railway lines have been 
projected, but there is no great probability of their con- 
struction under existing jiolitical conditions. The Via 
Egnatia, the great Roman highway to the east, is still 
used; it runs from Durazzo (l)f/rr/iachitim) to EUiassan 
and Ochrida. lannina is connected by carriage-roads with 
Monastir, Agii Saraiita, and Preveza. As a rule, however, 
bridle-paths supply the only means of communication. 
The native industries i^re inconsiderable, and many of 
them are in a languishing condition. The manufacture 
of highly ornate firearms, yataghans, and other weapons 
at Scutari, Gyakovo, and Prizren has declined, owing to 
the importation of modern rifles and revolvers. Gold and 
silk embroidery, filigree work, morocco, and richly-braided 
jackets are produced for home use and for sale in Bosnia, 
Macedonia, and Montenegro. 

The population of Albania may be estimated at between 
1,600,000 and 1,500,000, of whom 1,200,000 or 1,100,000 
are Albanians. Of the other races the Slavs 
" (Serbs and Bul^rs) are the most numerous, 
]K>ssibly numbering 250,000. There is a con- 
siderable Greek-sixsaking i)opulation in Epiros (including 
many Mahommedan Al^nians), which must, however, be 
distinguished from the genuine Greeks of lannina, Pre- 
veza, and the extreme south ; the latter may be estimated 
at 100,000. The Vlakhs, mainly in the Pindos district, 
jiossibly number 70,000. The ixipulation of the vilayet 
of Scutari is given as 322,000, or 28 jier square kilometre ; 
that of the vilayet of lannina as 648,000, or 33 per square 
kilometre. The principal towns are ^utari (Albanian 


Shkdder^ with the definite article ShkddeiMi), the capital 
of the vilayet of that name, pop. 37,000 ; Prizren, 30,000 ; 
lannina (often incorrectly written loannvna), capital of the 
southern vilayet, 25,000; Gyakovo, 25,000 ; Dibra, 20,000 ; 
Ipek(Slav.Pefc4), 15,000; Beiat, 15,000; Ochrida, 15,000; 
Tirana, 12,000; Argyrokastro, 11,000; Kortcha (Slav. Gor- 
itza)y 10,000 ; Elbassan, (perhaps anc. Alba7wpolu\ 8000 ; 
Metzovo, 7500; Preveza, 6500; and Kro^, the ancient for- 
tress of Skanderbeg, 5000. 

The Albanians are apparently the most ancient race in Sonth- 
Eastern EuroM. History ana l^end afford no record of their 
arrival in the mlkan peninsula. They are probably the descend- 
ants of the earliest ^yan immigrants, who were represented in 
historical times by the kindred Illyrians, Macedonians, and Epirots ; 
the Macedonians and Epirots are believed by Hahn to have formed 
the core of the pre-helfenio Tyrrbono-Pelasgian population which 
inhabited the southern portion of the peninsula and extended its 
limits to Thraoo and Italy. The Illyrians were also ^^Pelosgian," 
but in a wider sense. Of these cognate races, which are described 
by the Greek writers as barbarous or non-hellenic, the Illyrians and 
Epirots, he thinks, were respectively the progenitors of the Ghegs^ 
or northern, and the Tosks^ or southern, Albanians. The Via 
Egnatia, which Strabo (vii. fragment 8) describes as forming the 
boundary between the Illyrians and Epirots, practically corresponds 
with the course of the Shkumb, which now separates the Ghogs and 
the Tosks. The same geographer (v. 2, 221) states that the Epirots 
were also called Pelasgians ; the Pclasgian Zeus was worshipj^d at 
Dodona (Homer, II, xvi. 284) and tho neighbourhood of the 
sanctuary was called Polasgia (Herodotus, ii. 56). The name Toak 
is possibly identical witii TuaeiiSf Mrtiscus, while the form 
Tyrrhe7iu8 perhaps survives in Tirana. The large number of 
Slavonic local names in Albania, oven in districts vmere no trace 
of a Slavonic population exists, bears witness to an extensive 
Servian or Bulgarian immigration m the early middle ages, but 
the original inhabitants appear to have ^adually ousted the in- 
vaders. The determination with which tnis remarkable race has 
maintained its mountain stronghold through a long series of ages 
has hitherto met with scant appreciation in the outside world. 
While the heroism of the Montenegrins has been lauded by writers 
of all countries, the Albanians — if we except Byron’s eulogy of the 
Suliots — still careiU veUe aacro. Not less noticeable is the tenacity 
ivith which isolated fragments of the nation have preserved their 
peculiar characteristics, language, customs, and traditions. The 
Albanians in Groe(*e and Italy, though senarated for six centuries 
from '(he parent stock, have not yet been absorbed by tho surround- 
ing poi>ulations. 

The Albanians, both Ghegs and Tosks, call themselves 
i^hkyipetar^ and their land Shhyipenia or Shkyiperia, the 
former being the Gheg, tho latter the Tosk form of the word. 
Shkyipetar has been variously interpreted. According to 
Hahn it is a participial from fihkyipop “I understand,” 
signifying he who knows ” the native language ; others 
interpret it as “the rock-dweller,” from ahhepy ahJdp^ 

“ rock.” The designations Arher (Greek ApjSavtnys, 
Turkish Anmout) denoting the people, and Arlenia 
or Arheria the land, are also, though less frequently, 
used by the Albanians. The Tosk form Arl>eria strictly 
applies only to the mountain district near Avlona. The 
region inhabited by a more or loss homogeneous Albanian 
{Kipulation may be roughly marked out by a line drawn 
from the Montenegrin frontier at Berane to Leskovatz in 
Servia, thence to Vrania, Uskub, Prilop, Monastir, Fiorina, 
Kastoria, lannina, and Parga. These limits, however, are 
far from including all the members of a widely-scattered 
race. The Albanians in Greece, whose settlements extend 
over Attika, Bceotia, the district of Corinth, and the Argo- 
lid peninsula, as well as Southern Euboea and the islands 
of Hydra, Spetzae, Poros, and Salamis, descend from Tosk 
immigrants in the 14th century. They played a brilliant 
part in the war of independence, and to-day supply the 
Greek army with its best soldiers. They were estimated 
by Jjeake at 200,000. A large number still speak the 
Albanian language ; many of the older men, and a con- 
siderable proportion of the women, even in the neighbour- 
hood of Athens, are ignorant of Greek. The Albanian 
settlements in Southern Italy and Sicily were founded in 
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1444, 1464, and 1468 ; minor immigrations followed in < 
the three succeeding centuries. In Southern Italy there 
are 72 Albanian communes, with 154,674 inJ^bitants; in 
Sicily 7 communes, with 52,141 inhabitants. The Italian 
and Sicilian Albanians are of Tosk descent, and many of 
them still speak a variation of the Tosk dialect. There 
are also several Albanian settlements in European Turkey 
and Asia Minor, some founded by military colonists who 
received grants of land from successive sultans, others 
owing their origin to enforced migrations after insurrcc* 
tions in Albania. The only genuine division of the 
Albanian race is that of Qhegs and Tosks ; the Liaps, who 
inhabit the district between the Viossa and the sea, and 
the Tshllms or Chtos, who occupy the coast-land south of 
the Kalamas, are subdivisions of the Tosk family. The 
name Gheg (G^gi<i) is not adopted by the Ghegs them- 
selves, being regarded as a nickname; the designation 
Tosk {ToahS-d) is restricted by the Tosks to the inhabit- 
ants of a small region north of the lower Viossa (Toskeria). 

While the other primitive populations of the j^eninsula 
were cither hellenized or latinized, or subse(|uent]y 
absorbed by the Slavonic immigration, the 
cbMtwtlr- ^ great extent remained unaifected 

iatica. influences. Retaining their original 

language and preserving the customs and 
institutions of remote antiquity, they present a distinct 
type, and differ in many essential particulars from the 
other nations of the peninsula. The Ghegs, es|)ecial]y, 
notwithstanding their fierce and lawless cliaractcr, their 
sujHirstition, ignorance, and predatory propensities, possess 
some noteworthy qualities rarely found in Eastern Europe : 
simple, brave, faithful, and sometimes capable of devoted 
attachment, these wild mountaineers make excellent 
soldiers and trustworthy retainers ; they have long fur- 
nished a bodyguard to the sultan, and are much employed 
as kavasses and attendants at foreign embassies and 
consulates in the East. The native disposition of the 
Tosks has been modified by intercourse with the Greeks 
and Vlakhs; while the Gheg devotes his attention ex- 
clusively to fighting, robbery, and pastoral pursuits, the 
Tosk occasionally occupies himself with commercial, 
industrial, or agricultural employments; the Gheg is 
stern, morose, and haughty, the Tosk lively, talkative, 
and affable. The natural antipathy between the two 
sections of the race, though less evident than in former 
times, is far from extinct. In all parts of Albania the 
vendetta (ggdk) or blood-feud, the primitive lex taliontSy 
is an established usage ; the duty of revenge is a sacred 
tradition handed down to successive generations in the 
family, the village, and the tribe. A single case of 

homicide often leads to a series of similar crimes or to 
protracted warfare between neighbouring families and 
communities ; the murderer, as a rule, takes refuge in the 
mountains from the avenger of blood, or remains for 
years shut up in his house. It is estimated that in con- 
sequence of these feuds scarcely 75 per cent, of the 
population die a natural death. A truce {bessa : literally 
“faith, pledge”), either temporary or permanent, is 
sometimes arranged by mediation or, among the Ghegs, 
by the intervention of the clergy; a general beasa has 
occasionally been proclaimed by special irad^ of the 
sultan, the restoration of {)eaco being celebrated with 
elaborate ceremonies. So stringent are the obligations of 
hospitality that a household is i^und to exact reparation 
for any injury done to a guest as though he were a 
member of the family. No traveller can venture into the 
mountain districts without the beaaa of one of the inhabit- 
ants ; once this has been obtained he will be hospitably 
welcomed. In some districts there is a fixed price of 
blood; at Argyrokastro, for instance, the compensation 
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paid by the homicide to the relatives of his victim is 1200 
piastres (about £10), at Khimara 2000 piastres ; once the 
debt has been acquitted amicable relations are restored. 
Notwithstanding their complete subjection, women are 
treated with a certain respect, and are often employed as 
intermediaries in the settlement of feuds ; a woman may 
traverse a hostile district without fear of injury, and her 
beaaa will protect the traveller or the stranger. Women 
accompany their male relatives to the battlefield for the 
purpose of tending the wounded and carrying away the 
dead. The bride l>ring8 no dowry to her husband ; she is 
purchased at a stipulated price, and earnest-money is paid 
at the betrothal, which usually takes place while the 
contracting parties are still children. It is customary for 
young men who are attached to each other to swear 
eternal brotherhood (compare the Slavonic pobratiniatvo ) ; 
the contract is regarded as sacred, and no instance has 
been known of its violation. The costume of the Tosks 
differs from that of the Ghegs ; the distinctive feature of 
the former is the white plaited linen fustanella or jjetti- 
coat, which has also been adopted by the Greeks; the 
Ghegs wear trews of white or crimson native cloth 
adorned with black braid, and a 8hf>rt, clost'-titting jacket, 
which in the case of wealthy persons is embellished with 
gold lace. The fez is worn by both races, and in the 
northern highlands yataghans and firearms are almost 
invariably carried. The costume of the Mirdite and Mat 
tribes is jieculiar. It consists of a sheepskin cap, a long 
white tunic bound with a red girdle, white linen trousers, 
and opinki, or sandals. 

The tribal organization in Northern Albania is an 
interesting survival of the earliest form of social combina- 
tion; it may be compared in many respects 
with that which existed in the Scottish highlands 
in the time of the Stuart kings. The practical 
autonomy which the Gheg mountaineers enjoy has been 
won by a prolonged and successful resistance to Turkish 
domination ; as a rule they pay no taxes, they are exempt 
from the conscription, they know nothing of the Ottoman 
law, and the few Turkish officials established amongst 
them possess no real authority. Their only obligation to 
the Turkish government is to furnish a contingent in 
time of war; the only law they recognize is either 
traditional custom (odH) or the unwritten Kaimn-i Leka 
DuJeajinity a civil and criminal code, so called from its 
author, Leka Dukajini, who is supposed to have lived in 
the 13th or 14th century. The tribe or inal (“mountain”) 
is often composed of several clans (^his phdrea) or 
Itaryaka (literally “standards”) each under a chief or 
baryaktar (standard-bearer), who is, strictly speaking, a 
military leader ; there are in each clan a certain number 
of ciders or voivodes (Albanian km-ye, pi. krene-te) who 
form a council and, like the baryaktar, hold their office by 
hereditary right ; they preside over the assemblies of the 
tribesmen, which exercise the su])reme legislative jxiwcr. 
The clan is generally subdivided into smaller communities 
{'nuikale)^ each administered by a local notable or gyobar. 
The gyol^rs superintend the execution of the laws, collect 
fines, and administer capital punishment ; they arc in 
contact with the buluk-paahiy or resident representative of 
the tribe at Scutari, who forms the only link between the 
mountaineers and the Turkish government. He com- 
municates to the tribesmen the orders of the Vali, which 
must be framed in accordance with their customs and 
institutions. The tribes of Northern Albania, or Ghegerfa, 
may be classified in seven groups as follows: — (1) The 
Mirdites, who inhabit the alpine region around Orosh to 
the south-east of Scutari — the most important of all in 
respect of numbers (about 26,000) and political inde- 
pendence. A Catholic tribe, occupying an inaccessible 
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district, they have hitherto defeated every effort of the 
Turks to encroach on their autonomy. Their hereditary 
chiefs, or capidam^ belong to the family knoum as Dera e 
Gyofn, Mwrl^ (the house of John Marco) which is said to 
be descended from Skanderbeg. In 1868 the reigning 
chief, Bib Doda, died, and his son and successor IV.nk 
was detained as a hostage by the Turks. The Mirdites 
consequently refused to contribute tlieir customary con- 
tingent to the Turkish army, and eventually Prenk was 
restored. His ambiguous conduct, however, led to the 
despatch of two expi^ditions against the Mirdites and the 
devastation of their territory. In 1880 Prenk was kid- 
iiap{>ed by the Turkish authorities and exiled to Jinatolia; 
another member of the ruling family was appointed 
kaimakan, but the Mirdites refused to olH.‘y him, and 
their district has ever since been in a state of anarchy. 
No Moslem is allowed to remain in Mirdite territory. 
(2) The Mi-shkodrak (Upper Scutari) group or confedera- 
tion, also known as the Malsia-Madhe (Great Highlands) 
is composed of the Klement, Grud-a, Hot, Kastrat, and 
Shkrel tribes, which occupy the mountainous district 
north-east of Scutari. Owing to the proximity of the 
capital this group is comparativ(^ly subject to the Turkish 
power, and pays a small annual tribute ; the chiefs, who 
assess and collect the tribute, form a kind of adminis- 
trative council ; the confederation has also an official 
representative council at Scutari, called the Jihal^ under 
the presidency of a Serkarde or Moblom official. (3) The 
Dukiijiu, wlioso territm'y lies between tlmt of the last- 
named group and the Mirdit(» country, include the Pulati, 
ShalJa, Shoshi, and other tiibes j tJicy are more independent 
and more savage than the Mi-shkodrak, and liave never 
paid tribute from time immemorial. (4) The l^ka group, 
known as “ the Seven Baryaks of dwell farther to 

the east ; they are nominally administered by a Turkish 
kaimakam, who is a mere speeUitor of their iiroceedings. 
(5) The Miilsia Gyakovs, a group of two Catholic and 
three Moslem trilws, extend in the direction of Gyukovo, 
where they maintain an official rt'presentative ; they are 
entirely exempt from taxation, (G, 7) The Malsia-Lezhs, 
who occupy the Alessio highlands, and the Malsia Krues, 
who inhabit the region luirth of Kroia, Jive in a state of 
extreme jiovorty and pay no tribute ; the latter are much 
addicted to brigandage. To these seven groups, which 
are included under tlm gcmeral a])])(dlatioTi of Malissori, or 
“highlanders,” iri.iy be added tJie Malsia of Dibra, who 
extend to the wo.st and north of that town, and form a 
Lirgo sejMirate group ; they are noloiious for their fierce 
lawless character, and maintain themselves by plunder- 
ing the Bulgarian p(*a.siintH in their neighbourhood. In 
general the attitude of the Albanians in the north-western 
districts towards the Slavonic ]>easaiitry may be compared 
with that of the Kurds towards the Armenians. In 
Central Albania the Mat tribe, Avhich occupies the upjKjr 
valley of the Matia, jircseiits an entirely different organ- 
ization ; their district is governed by four wealthy families 
jKissessing hereditary r.ink and influence. Towards the 
south the tribal organization iK'comes looser and is 
gradually sufiplanted by a kind of feudal system ; among 
the powerful aristocratic houses may be mentioned the 
Vliores at Avlona, who are stated to own 400 square 
kilometres of land, and the I\)ptans at Tirana. The 
principal landownm's, who reside in fortified houses, are 
all Moslems ; their estates are cultivated on the TtveAayer 
system. Since the time of All l^isha, who broke the 
power of the local chieftains, Southern Albania has been 
subject to the central Turkish jiower; before that period 
the mountaineers of Suli and Khitriara enjoyed an inde- 
pjndence similar to that of the Gheg tribes. 

The great majority of the Albanians, probably more 


than three-fifths, are Moslems. The conversion of the 
Christian population to Islam appears to have 
taken place during the 16th and 17th centuries. 

Like the Cretan Moslems and the Bulgarmn Pomaks, the 
Albaziian Mahommedans retain many Christian traditions 
and customs; it is said that many thousands of them 
secretly adhere to their original faith. In the vilayet of 
Scutari they form more than 60 per cent, of the popu- 
lation ; Central Albania is almost entirely Moslem ; in 
Southern Albania, however, there is a considerable Christian 
population, whose limits practically coincide with those of 
the Greek-sjieaking districts. Of the Christian Albanians 
(about 480,000) some 100,000 are Catholics, almost all 
belonging to the Gheg tribes of the north ; the remainder, 
including a small proportion of the Tosks, and nearly all 
the Greeks, Slavs, and Vlakhs, are of the Orthodox Church. 
The Catholic Ghegs appear to have abandoned the Eastern 
for the Western Church in the middle of the 1 3th century. 
Their bishops and priests, who wear the moustache in 
deference to popular prejudice, are typical specimens of 
the church militant. Some of the Gheg trills, such as 
the Puka, Malsia, Gyakovs, and Malsia Krues, are partly 
Catholic, partly Moslem; among fellow -tribesmen the 
difference of religion counts for little. The Mirdites are 
exclusively Catholic, the Mat-i exclusively Moslem. At 
the head of the Catholic hierarchy are the archbishops of 
Scutari (with three suffragans), I^izren, and Durazzo ; the 
mitred abbot of St Alexander is the spiritual chief of 
the Mirdites. The Ortliodox Church has metropolitans 
at Prizren, Durazzo, Berat, lannina, and Kortcha; the 
Bulgarian exarcliate maintains a bishop at Dibra. Of 
the Albanians in Sicily the great majority (44,791) remain 
faithful to the Greek Church ; in Italy 116,482 follow the 
Latin ritual, and 38,192 the Greek. All the Albanians in 
Greece belong to the Orthodox Church. 

I Education is almost non-existent, and the vast majority 
of the jiopulation, l>oth Christian and Moslem, are totally 
illiterate. Instruction in the Albanian language 
is prohibited by the Turkish Government for ® 
political reasons ; a single exception has been made in .the 
case of an American school for girls at Kortcha. There 
are Turkish primary and secondary schools in some of the 
towns ; in the village mosques instruction in the Koran is 
given by the imams, but neither reading nor writing is 
tiiught. The aristocratic Moslem families send their sons 
to be educated in Constantinople or Vienna. At Scutari 
a college and a seminary are maintained by the Jesuits, 
with the aid of the Austrian Government ; the Franciscans 
have several primary schools, and three Jay schools are 
supported by the Italian Govermnent : in all these institu- 
tions Italian is the language of instruction. There are two 
Servian seminaries at IVizren. In Southern Albania there 
are Greek schools in the towns and a large Greek gymnasium 
at lannina. The priests of the Greek Church, on whom 
the rural iwpulation depend for instruction, are often 
deplorably ignorant. The merchant families of lannina 
are well educated ; the dialect spoken in that town is the 
purest si>ecimen of ^jolloquial Greek. 

Albania has never had a national history, owing to the 
want of unity and cohesion amongst its inhabitants ; even 
the heroic resistance of Skanderlxjg to the Turks ' 

(1443-67) can hardly be described as a great 
national effort. The surrender of Scutari in 
1478 marked the end of Venetian supremacy in Ujiper 
Albania ; many of the native Christian defenders of the 
town eventually took refuge in the mountains, and became, 
it is said, the ancestors of the Catholic Ghegs. Notwith- 
standing the ’abandonment of Christianity by a large 
section of the population, the authority of the sultans was 
never effectively established, and succeeding centuries 
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present a record of interminable conflicts between the 
tribesmen and the Turks, between the Christiana and the 
<:onvert8 to Islam, or between all combined and the tra- 
ditional Montenegrin enemy. The decline of the Ottoman 
power, which began towards the end of the 17th century, 
was marked by increasing anarchy and lawlesancsa in the 
outlying portions of the empire. A Moslem chieftain, 
Mehemet of Bushat, after obtaining the pashalik of Scutari 
from the Forte, succeeded in establishing an almost inde- 
pendent sovereignty in Upper Albania, which remained 
hereditary in his family for some generations. In Southern 
Albania Ali Pasha of Tepelen {b, about 1750), an able, 
cruel, and unscrupulous man, subdued the neighbouring 
pashas and chiefs, crushed the Suliotes and Khimarrhotcs, 
and exercised a practically independent sovereignty from 
the Adriatic to the ^jg(^n. He introduced com])arative 
civilization at lannina, his capital, and maintained direct 
relations with foreign powers. Eventually he renounced 
his allegiance to the Sultan, but was overthrown by a 
Turkish army in 1822. Shortly afterwards the dynasty 
of Scutari came to an end with the defeat of Mustafa 
Pasha, the last of the house of Bushat. The opposition of 
the Albanians, Christian as well as Moslem, to the reforms 
introduced by the Sultan Mahmfld II. led to the devasta- 
tion of the country and the exi)atriation of thousands of 
its inhabitants. During the next half-century several local 
revolts occurred, but no movement of a strictly political 
character took place till after the Berlin Treaty (13th .Inly 
1878), when some of the Moslems and Catholics combined 
to resist the stipulated transference of Albanian t(*rritory 
to Austria-Hungary, Servia, and Montenegro, and the 
Albanian Leaffue was formed by an assemblage of chiefs 
at Prizren. The movement, which was instigated by the 
I'orte with the object of evading the provisions of the 
treaty, was so far successful that the restoration of i’lava 
and Gusinye to Albania was sanctioned by the Powers, 
Montenegro receiving in exchange the town and district of 
Dulcigno. The Albanian leaders, however, soon displayi'd 
a spirit of indeiiendence, which proved embarrassing to 
Turkish diplomacy and caused alarm at Constantinople ; 
their forces came into conflict wdth a Turkish army under 
Dervish I’asha near Dulcigno (Novembiir 1880), and 
eventually the league was suppressed. A similar agitation 
oil a smaller scale was organized in Southern Albania to 
resist the territorial concessions awarded by the Powers 
to Greece. These movements, however, were far from 
displaying a genuinely national character. In recent years 
attempts have been made by Albanians resident abroad to 
propagate the national idea among their comjiatriots at 
home ; committees have been formed at Brussels, Bucharest, 
Athens, and elsewhere, and Ixioks, pamiihlets, and news- 
jiapers are surreptitiously sent into the country. Unity 
of aim and effort, however, seems foreign to the Allianians, 
except in defence of Iwal or trilial privileges. The growth 
of a wider jiatriotic sentiment will dejxmd on the spread 
of popular education : up to the present no niijireciable 
progress has been made in this direction. 

Albania abounds in ancient remains, which as yet have 
been little explored. Fragments of Cyclopean stnictures 
were discovered by Hahn at Kretzunista, Arinista, 
r/M. and other sites in the district of Argyrokastro ; 

the walls, partly Cyclojiean, of an ancient city 
(pThaps Bidlia) are visible at Gradista on the Viossa. 
The remains of the classical ei>och attest the influence of 
Roman rather than of Greek civilization. At Pollina, the 
ancient Apollonmy are the remnants of a Doric temple, of 
which a single column is still standing. A little north of 
Preveza are the considerable ruins of NikoiKilis, founded 
by Octavian to commemorate the victory of Actium. At 
JELhimara (ancient Chimasra) the remains of an old Greek 
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city may still be seen; at Santa Quaranta (andont 
Onchemos) the walls and towers of a later town are in 
good preservation. Few traces remain of the once cele- 
brated Dyrrhachium. The ruins of Pandoaia, Ephyra, 
Elatea, Fhoenik4, Buthrotum, Akrolissos, and other towns 
may be identified. The most important and interesting 
remains, however, are those of D(^ona, near lannina, the 
seat of the famous oracle of the Belgian Zeus. The 
ruins, which were excavated by Mr Constantine Carapanos 
of Athens in 1875, furnished a rich yield of inscriptions, 
statuettes, vases, and other objects. The temple of Zeus 
siocxl in the upjHT i»art of a temenos or sacred precinct, 
together with two other buildings, one of w^hich was 
probably a sanctuary of Ajihrodite; the inclosure was 
approached by jiropylsea. A remarl^bly largo theatre is 
situated in a neighbouring valley. For details see Mr 
(^arapanos’s work, Dodone et nes Buines (Paris, 1878). Of 
the modueval ruins those of Kroia, the stronghold of 
Skanderbeg, are the most interesting. 

Albanian is peculiarly interesting as the only sur- 
viving representative of the so-called Thraco-Illyrian 
group of languages which formed the primitive 
speech of the pcminsula. It has aflbrded an 
attractive study to philologists, amongst whom may bo 
mentioned Malte-Brmi, Leake, Xy lander, Hahn, Miklnsitcb, 
and G. Mc‘yer. The analysis of the language presents 
great difliciilties, as, owing to the absence of literary monu- 
ments, no certainty can be arrived at with regard to 
its earlier forms and later development. The groundwork, 
so far as it can be ascertained, and the grammar am 
Indo-European, but a large number of words have been 
borrowed from the Latin, or Italian, and Greek, and it is 
not always easy to decide whether the mutilated and 
curtailed forms now in use represent adopted words or 
belong to the original vocabulary. There is also a con- 
siderable admixture of Turkish and Slavonic words. Not- 
withstanding certain points of resemblance in structure 
and phonetics, Albanian is entirely distinct from the 
neighbouring languages ; in its relation to early Latin and 
Greek it may be regarded as a co-ordinate member of the 
Aryan stock. It possesses seven vowels ; among the con 
sonants are the aspirated d and t, as in Greek, and many 
other sounds, such as d, sA, cA (French j), and hard y, 
which are wanting in Greek, but exist in the Slavonic 
languages. There are three declensions, each with a 
definite and indefinite form; the genitive, dative, and 
ablative are usually represent^ by a single termination : 
the vocative is formed by a final o, as memmo from mammty 
** mother.” The neuter gender is absent There are two 
conjugations ; the {lassive formation, now wanting in most 
Indo-European languages, has been retained, as in Greek : 
thus kerko-iyy “ I seek,” forms kerko^n-emy “ I am sought*’ 
The infinitive is not found ; as in Greek, Rumanian, and 
Bulgarian it is replaced by the subjunctive with a particle. 
The two auxiliary verbs are Adm, “ 1 have,” and ydwi, “ I 
am.” An interesting and characteristic feature of the 
hiiiguage is the definitive article, ^\hIch is attached to 
the end of the word : mik (“friend,” annvus)y mth^ 

(“the friend”); kien (“dog”), keinn; i:shhimhy ShkumJlhi, 
The suffix -article likewise ajuiears in Rumanian and 
Bulgarian, but in no other Latin or Slavonic language. 
Another remarkable analogy between the Allianian and 
the neighbouring languages is found in the formation of 
the future ; the Albanian do (3rd pers. sing, of dovOy “ I 
will,”) like the Greek Ba^ is prefixed without change to all 
jierHons of the verb: a similar usage in Servian and 
Bulgarian, as well as in Rumanian (esixscially the Mace- 
donian dialect), is peculiar to these languages in the 
Slavonic and Ijatin groups. These and other pointa 
of similarity have led to the conjecture that the primitive 
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Illyrian language may have exerted some kind of influence the Dietionarkm LatmfhEpirotieum of Bianchi, printed in 
on the other idioms of the peninsula. In the absence of 1635. The literature of the last two centuries consists 
literary culture the AllMinian dialects, as might be expected, mainly of translations and religious works written by 
are widely divergent ; the limits of the two principal ecclesiastics, some of whom Were natives of the Albanian 
dialects correspond with the racial boundaries of t\w. Ght^gs colonies in Italy. The most noteworthy Albanian writer 
and Tosks, who understand each other with diiticulty : was Girolamo di Rada (6. 1815), a poet, philologist, and 
the Albanians in Greece and Italy have also separate collector of national folklore. Among his successors may 
dialects. In writing Albanian the I^atin cbiracter is be mentioned Vincenzo Dorsa and Demetrio Camarda. 
employed by the Ghegs, the Greek by the Tosks ; neither 
alphal^t suffices to represent the manifold sounds of the 
language, and various 8Ui>plemt5ntary letters or distinguish- 
ing signs lire necessary. In the use of these no uniform 
systtsm lias yet been adopted. An alphalx^t of fifty-two 
letters, some presenting ancient I*hoi3nician and Cretan 
forms, was found by Hahn in jiartial use at Elbassan and 
Tirana ; its anticpiity, however, has not been established. 

The Tosks generally use the Greek language for written 
coiunuinicatioijs. The native folklore and poetry of the 
Albanians can hardly coin{)are with that of the neighbour- 
ing nations in originality and beauty. The earliest printed 
works in Albanian are those of the Catholic missionaries ; 
the first book containing specimens of the language was 
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Albany, a river of Cfinada, forming part of the 
boundary between Ontario and Kt‘ewatiii, rist\s in Lake 
St Joseph in (head of lake) long. 91" 25' W. and lat. 
50“ 55' N., and falls into James Bay, its total length 
lieing upwards of 500 miles. Then) are four Hudson’s 
Hay Company’s posts on its banks. The Ogoki and 
Konogami rivers are the principal tributaries. 

Albftnyi the capiUl of New Yoik statt*, and of 
AIlMiny county, U.S.A., situated in 42' 4(V N. lat. and 
73“ 45' W, long, ou Hudson river, just below the mouth 
of Mohawk riviT. The mean annual tiunperature is 49", 
and the annual rainfall is 40 inehes. Tin* di'ath-rate, 20'9() 
per thousand in 1900, is more than tliat of the* country 
at largo and the average of largi* cities. The plan of 
the city firosents considerabh' regularity, although its 
site, rising sharply from the river in bluffs, is by no 
means level. The city is ilivided into nineteen wards, 
and is sujiplied with wati‘r ])y pumping from Hudson 
river and smaller stn’ams, tin* water- works being owned 
by the city. The streets are broad, about lialf of them 
jiaved, mainly with gniiiite blocks and cobble stones, and 
the draiuagt* is fairly good. The fire and jioliee equip- 
ment are good. The finest of the many jmblic buildings 
is the magnificent new state Ca])itol, situated at the 
summit of State Street Hill. It is built of granite, enclos- 
ing a court, and is 300 by 400 feet on its ground plan. 
It is not yet entirely comjjleted, but its estimated cost is 
$25,000,000 dollars. Tin* city contains many educa- 
tional and scientific institutions. It is ent<*red by four 
luilways — the Boston and Albany, the New York Central 
and Hudson River, the Delaw^are and Hudson, and the 
West Shore. It is also the terminus of the Erie and 
Champlain canals, and is near the head of navigation on 
the Hudson river. These* varioiLs avenues of communica- 
tion give it a large commerce by rail, canal, and river. 
Numerous steamboat lines eounect it with New York and 
other river points. It is a manufacturing city of imiiort- 
ance, having in 1890 $17,270,000 invested cajntal, 
employing 15,041 jMirsons, and its products were valued 
at $25,531,000. The assessed valuation of property, real 
and personal^ in 1898 was $66,685,000, and the debt of 
the municipality $3,294,000. The tax-rate, city, county, 
and state, was $20.60 per thousand dollars. The popula- 


tion in 1880 was 90,758 ; in 1890 it was 94,923, and in 
1900 it was 94,151. 

Albanyi a city of Georgia, C.S.A., the capital of 
Dougherty county, situated in the south-western part 
of the state, on Flint river, at an altitude of 232 feet. 
It is in the midst of an agricultural region producing 
cotton and corn, for which this city serves as a supply 
|ioint. It is a raiKvay centre of importance, being entered 
by the Plant System, the Georgia and Alabama, the 
(Central of Georgia, and the Albany and Northern railways. 
The population in 1880 was 3210, in 1890 it was 4008, 
and in 1900 it w^as 400G. 

AlbStnyp a municipality in West Australia; on 
King George Sound, 352 miles by rail, and 254 miles 
by road S.S.E. of Perth, in the county of Plan- 
tagenet. It is a port of call for the Peninsular and 
Oriental (company’s and the Orient Company’s steamers 
carrying the Australian mails, and also tor those of the 
MuasagiTies Maritimes and N. G. Lloyd steamers. This 
towni is the health resort of the state. Its liarbour is one 
of the finest on the Australian coast, and is well protected 
from winds. Defence works have lieen carried out at 
King George Sound and Princess Royal Harbour. The 
! climate is very fine, and a scheme for a pure w^ater supply 
I is being devised. The Marine Drive, 54 miles in circuit, 

I was completed in 1898. Mean temperature (six years) 
for the year 58*6“ F. ; for February, 66*1“ F. ; for July, 
52*6“ F. ; rainfall, 35*55 inches. The population in 1881 
was 1024; in 1891, 2665; in 1900 about 3250. 

Albany, Laopold George Duncan 

Albert, Duke of, eighth child and youngest son of 
Queen Victoria, was born 7 th April 1853. The delicacy 
of his health seemed to mark him out for a life of retire- 
ment, and as he grew older he evinced much of the love of 
knowledge, the capacity for study, and the interest in 
philanthropic and ecclesiastical movements which had 
characterize his father, the Prince Consort. Ho 
matriculated at Clirist Church, Oxford, in November 1872, 
living with his tutor at Wykeham House, St. Giles’s^ and 
diligently pursued his favourite studies of science, art, and 
the modem languages. In 1876, he left the University 
with the honorary degree of D.C.L., and resided at Boyton 
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House, Wiltshire, and afterwards at Claremont. On 
coming of age in 1874, he had been made a Privy 
Counc^or, and granted an annuity of £15,000. He 
travelled on the Continent^ and in 1880 visited the United 
States and Canada. He was a trustee of the British 
Museum, a bencher of Lincoln’s Inn, and continued to 
take an active part in the promotion of education and 
knowledge generally. Like his father and other members 
of his family, he was an oxcolleut public speaker, On 
24th May 1881 he was created Duke of Albany, Karl of 
Clarence, and Baron Arklow. On 27th April 1882, ho 
married H41fene Frederica Augusta, princoss of Waldeck- 
I^rmont, and his income was raised by Parliament to 
£25,000. Having gone to the south of France for his 
health in the spring of 1884, he was attacked by a fit, 
the cause or the consequence of a fall in a club house 
at Cannes, on 27th March, and died very unexpectedly 
on the following morning. His death was universally 
regretted, from the gentleness and graciousness of his 
character, and the desire and ability ho had shown to 
promote intellectual interests of every kind. lie left a 
daughter, born in February 1883, and a posthumous son, 
born 19th July 1884, who succeeded to the dukedom of 
Albany, and who on 30th July 1900 became duke of Saxe- 
Coburg on the death of his uncle. (n. g.) 

AlbftVf a town of 34,000 inhabitants, on the eastern 
coast of Luzon, Phili])])ine Islands, and ca})ital of the 
province of Albay. Well built, with good government and 
public buildings, it was badly injured by fire in 1900. It 
is at the centre of one of the most important hemp-pro> 
ducing districts, and ships large quantities of this product to 
Manila. Other exports are rice, Indian corn, sugar, copra, 
and cloth made from hemp or from sinamay. It is near the 
foot of Mayon volcano, and in the year 1714 was completely 
destroyed during a violent eruption. The language is BicoL 

Albemarle, George Thomas Keppel, 

SIXTH Eakl of (1799-189J), British general, second son 
of the fourth earl, was born on 13th June 1799. Educated 
at Westminster School, he entered the army as ensign, 1 1th 
Foot, in 1 8 1 5. He joined his regiment in Belgium, and took 
part in the Waterloo campaign and the march to Pans, joined 
the second battalion in Corfu and was transferred to the 22nd 
Foot, with which he served in Mauritius and at the Cajie, 
returning home in 1819, when he was appoinbid equerry 
to the duke of Bussex. Promoted to a lieutenaney in the 
24th Foot, he was transferred to the 2()th Foot, and went 
to India, where he was aide-de-camp to the marquis of 
Hastings until his resignation in 1823, when Keppel 
returned to England, travelling overland through Persia, 
Moscow, and St Petersburg. He published in 1825 an 
account of his travels, entitled Jourmy from India to 
England, Ho was aide-^e-camp to the Marquess Wellesley, 
lord-lieutenant of Ireland, for two years, was promoted 
captain in the 62nd Foot, studied in the senior department 
of the Boyal Military College at Sandhurst, and in 1827 
obtained a half- pay unattached majority. Hcj did not 
again serve on full piy, but rose to be a general. In 
1829 he visited the seat of the Russo-Turkish war and 
was with the British fleet in Turkish waters. In 1832 he 
was returned in the Whig interest to the first reformed 
parliament as member for East Norfolk, and sat until 
1835. He was private secretary to the premier, Lord 
John Russell, in 1846, and M.P. for Lymington from 1847 
to 1849. He succeeded to the title on the death of his 
brother in 1851. He died in 1891, and was buried at 
Quiddenham, Norfolk. He wrote an account of a Journey 
across the Balkans, Memoirs of the Marquis of Rocking- 
ham, and ail autobiography entitled Fifty Years of My 
Life. (r. h. V.) 
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Albsrtf formerly Anore, a town of France, arron- 
dissement of Peronue, department of Somme, 16 miles 
N.E. by E. of Amiens, on railway from I’aris to Amiens. 
The town stands on a branch of the Ancre, which here 
forms a pretty cascade. There are large and important 
engineering establishments of every kind. Poinilation 
(1881), 5374 j (1891), 5941 ; (1896), 6433, (comm.) 6651. 

Albert, Frederick Auiruetue, Kin(} of 
Saxony (1828-1902), was born 23rd April 1828, bc*iijg the 
oldest son of IMnce Johann, who succeeded to the throne in 
1 854. His education was, as is usual with German jirinces, 
to a great extent military, but he attended lectures at the 
university of Bonn. Ilis first experience of warfare was 
in 1849, when he served as a captain in the campaign of 
Schleswig-Holstein against the Danes. When the war of 
1866 broke out, Saxony, which had for many years under 
the ministry of Beust ado])ted an anti -Prussian policy, 
was the most active ally of Austria. The crown prince 
was given the command over the army ; no attempt was 
nuide to defend Saxony, but the Saxons fell back into 
Bohemia and eftectc‘d a junction with the Ist Austrian 
army cori)8 under Glam-Gallas. Thc^y took a prominent 
part in the battles by which the IVussians forced the line 
of the Iser and in the disastrous battle of Gitschin. The 
crown prince, however, succeeded in effecting the retreat 
in good order, and in the decisive battle of Koiiiggratz he 
held the extreme left of the Austrian ]>osition. The 
»Saxons maintained their ])Ost with great tenacity, but were 
driven back after many hours’ fighting. I luring these opera- 
tions the crown prince won the rci>utation of a thorough 
soldier ; after jieace was made and hiaxony had entered the 
North German Confederation, ho was placed in command 
of the Saxon army, w'hich had now be(*ome the 12th army 
corps of the North German army, and in this position 
carried out the necessary reorganization. He was a firm 
adherent of the Prussian alliance*. On the outbreak of war 
in 1870 he again commanded the Saxons, who were in- 
cluded in the 2nd army under Prince Frederick Charles, his 
old opponent. At the liattle of Gravolotte they formed the 
extreme left of the German army, and w'lth the Pimssian 
guard carried out the attack on St I’rivat, the final and 
decisive action in the battle. In the reorganization of 
the army which accompanied the march towards Paris 
the crown prince w^as given a sej>arate command over the 
4th or army of the Meuse, consisting of the Siixons, 
the guards, and the 4th army corps ; he was succeeded 
in his former post by his brother Piince George, who had 
served under him in Bohemia. He took a leading part 
in the operations w^hich preceded the battle of Sedan, the 
4th army being the pivot on w'hich the whole army 
wheeled round in pursuit of MacMahon ; and the actions of 
Busancy and Beaumont on 29th and 3()th August were 
fought under his directions ; in the battle of Sedan itself, 
wdth the troops under his orders, he carried out the cir- 
cumvention of the French on the east and north. His 
conduct in these engagements won for him the complete 
confiden(‘,e of the army, and during the siege of Paris his 
troops formed the north-east section ol the investing force. 
After the conclusion of the armistice he was left in com- 
mand of the German army of occupation, a jiosition which 
ho held till the fall of the Commune. On the conclusion 
of {leace he was made an inspector-general of the army and 
field-marshal. On the death of his father on 29th October 
1873 he succeeded to the throne. His reign was unevent- 
ful, and he took little public part in political afTains, but 
his advice and ex|ierience were constantly used in military 
matters. In 1897 he was appointed arbitrator between 
the claimants for tlie principality of Lippe. King Albert 
married in 1853 Carola, daughter of Prince Qustavus of 
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Vasa, and grand-daughter of the last king of Sweden of the 
house of Holstein. He died 1 9th J une 1 902. (j. w. hk ) 

Albert Nyanza and Albert Edward 

Nyanxaf the two westtsrn reservoirs of the White Nile, 
lying north and south in the great Central African rift- 
valley, near its north end. When the northern lake, 
Albert Nyanza, was first reached by Sir Samuel Baker, it 
was thought to extend southwards far beyond the equator 
— farther, in fact, than the southern end of All)ert 
Edward Lake, which does not reach to 1" S. In 1875 
Stanley reached the arm of a Jake, situated on the equator, 
which ho thought to bo Albert Nyanza, but which the 
voyages of Qessi and Mason on the latter lake in 1876 and 
1877 proved to Iks distinct. 

The true position and form of Albert Edward Nyanza 
were made known ]»y Stanley’s journey of 1888-89, while 
its contours have since been determined with greater 
(jxactness by Stuhlinann (1891) and Grogan and Moore 
(1899). The lake, which lies at an altitude of about 
3200 feet, is roughly elliptical in outline, with a length of 
50 miles and maximum br<‘adth of about 30 miles, the 
area approximating to 1000 square miles. The arm above 
alluded to is practically an inde[)end(mt lake (Ruisamlm) 
running to the north-east and connected by a narrow 
channel with the main lake. A hwamjiy plain, traversed 
by the Ruchuru and other streams, extends to tlie south 
of the lake, and must f>nce have Ixieu covered by its waters. 
On the east a wide H])ace intorveiKis between the eastern 
wall of the rift- valley and the present shore of the lake, 
two distinct terraces lM?ing clearly defined. The vegeta- 
tion (Eujihorbias, <fec ) on f lie lower of these is of small 
size and seems to be of recent origin. Near the lake, pits 
of fire and huge jets of smoko still testify to the presence 
of volwiiiic activity. Ou the west the wall of the rift- 
valley runs elose to the lake, but on the north a barren 
level plain comes between the lake and the southern sjmrs 
of the Ituwenzori nmge. On this plain, separated by a 
narrow nock of laud from Laki^ Allwrt l^Mward, is a crater- 
like depression occujwed by a shallow salt- lake. The salt, 1 
which lias a reddish tint, is exported t(» great distances. 
The main feeder of Lake Albt^rt Edward, the Ruchuru, 
rises on the north side of the volcanoes north of Lake Kivu 
(y.v.). Ou reaching the level plain 15 miles from the 
lake its waters become brackish, and the vegetation on 
its banks is scanty. The reedy marshes near its mouth 
form a retieat for a primitive race of fishermen. Lake 
Ruisamlm, Iht^ shores of wdiich are generally high, is fed 
by streams from the oast of Mount Ruweuzori. At the 
north-west corner of the larger lake issues the Isaugo or 
tSemliki, at first a small stream, but gradually increased 
to a large river by streams from the Ruwenzori range 
on the eastern side of the rift-valley. lieforo entering 
Albert Nyanza, in 1“ 5' M., it traverses a jdain once 
covered by the latter lake, foi-ming marshes inhabited by 
another tribe of fishermen, the Wanyabuga. The shores of 
Lake Albert Edward are partitioned between British East 
Africa and the (Jongo Free Stab*, the dividing line being 
here the 30th meridian of east longitude. Just east of 
that line the British jiost of Fort George was established 
on the north shore by Lugard in 1891. 

Ijake Alliert lies at an altitmh; of about 2100 feet. Its 
extreme length is about 100 miles, and its general breadth 
somewhat over 20, the area being approximately 2000 
square miles. It is shut in both ou the east and west by 
plateau escarpments, which for the most ]»art a])proach 
the shores closely. Near the south end a jilain, saline in 
] daces, with a width of some 7 miles, intervenes on the 
west lietween the plateau and the lake. At this part 
there are signs that the lake is shrinking, Nyamsasi, 


which was on island at the time of Stanley’s visit in 1889| 
liaving since become a peninsula. Farther north, from 
Kahoma to Mahagi, the hills descend abruptly to the 
water, rocky headlands alternating with semicircular 
lieaches. Near the coast the water is in places very 
sliallow, owing to the sediment brought down by mountain 
torrents, and reeds have been seen growing 2 miles from 
the shore. The gorges cut in the plateau escarpment 
produce magnificent timber. This plateau — a sparsely- 
inhabited rolling upland 2000 to 3000 feet above the 
lake (the Blue Mountains of Baker) — falls again steeply 
on the west to the Congo Basin, its maximum width being 
about 20 miles. The greater {lart of the shores of Lake 
Albert fall to British blast Africa (Uganda Protectorate), 
but the stations established at Kibero on the cast and Ms^va 
on the west have been abandoned, owing to their unhealthi- 
ness. The extreme north-west |)ortion has been leased to 
the Congo Free State during King Leojicld’s lifetime, and 
of this a strip 1 5 miles wide, reaching the lake at Mahagi, 
will eventually revert to the state. (e. hk ) 

Alberta. See North-West Territories. 

Albertina. See Oranoe River Colony. 

AIbi, chief town of department Tarn, France, 423 
miles S. of Paris, on railway from Carmaux to Castol- 
iiaudary. The Park of Rochegude, gift of the admiral of 
that name, contains a fountain adorned with 13th-centiiry 
carvings. On the Vigan, a fine promeiiarle, is a statue of 
the navigator La Perouse, who was born here. Manufac- 
tures of iimbrollas and hats, tho latter forming a ern- 
siderable branch of industry, have become important. 
I’opulation (1881), 14,729; (1891), 14,219 ; (1896), 14,983, 
(comm.) 18,750. 

Albina, formerly a city of Multnomah county, 
Oregon, IJ.S.A., annexed to Portland in 1891. It is on 
tho east bank of the Willamette river, not far from 
its mouth, in the north-western part of tho state. The 
population in 1880 was 123; in 1890 it was 5129; in 
1900 (see 1*ortland). 

Albox, a town of Spain, in the province of Almcria, 
42 miles N.N.E of Almeria. It owes its prosperity to 
woollen, spart, and flour industries, the wine, olive 

oil, and spart produced in the surrouni country, 

where also live stock is abundant, csjA goats, 

and mules. Population (1897), 10r;^5! All^x was 
originally an Arab town. Box. An earthquake almost 
entirely destroyed it in 1563, and it had to be rebuilt in 
great part. 

Albrecht, Frederick Rudolph, Archduke 
of Austria (1817-1895), eldest sou of the Archduke Charles 
who defeated Napoleon at Aspern, was born on 3rd August 
1817 at Vienna. Ho began his military career at the ago 
of twenty, and after holding several minor j)ostfl, was in 
1844 ai>jK)inted cominauder of the forces in Upper and 
Lower Austria. It was his duty therefore to maintain 
order during the disturbances of 1848, and at tho out- 
break of revolution in Viemna during the mouth of March 
he was in command of the troops who came into collision 
with tho rioters. Owing to the collapse of the Govern- 
ment it was impossible to repress tho disturbancjes, and lie 
was relieved from a post which brought much unpopularity 
and was not suitable to be held by a mem^r of the 
imperial family. Like so many others of the Austrian 
military ho spent the summer of 1848 in tho army of 
Italy, under Radetzky, and though he was given no com- 
mand ho fought <with distinction as a volunteer in the 
battles of Siuita Lucia and Pastrengo. In the campaign 
of 1849 he was placed in command of the second division, 
which was in the vanguard of the army, and he gained 
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great credit for the resolution with which, at the battle of I 
Novara, he held his ground against the superior forces ' 
of the enemy. From 1851 to 1860 he commanded ^e 
forces in Hungary, a iK>st of groat political difficulty! 
In 1859 and 1864 he was sent on important military 
and diplomatic missions to Berlin. When war became 
imminent in 1866 the archduke, who had now been made 
field-marshal, was placed in command of the Austrian 
army in Italy. With an army of about 130,000 ho had 
to keep in check the Italian forces of nearly double the 
number. In the short campaign which followed ho dis- 
played tho highest military qualities; leaving only a 
small force to watch the army which was advancing from 
the Po, with 75,000 men he attacked 130,000 Italians, 
who under the command of tho king had crossed tho 
Mincio, and at the battle of Custozza (23rd June) defeated 
them with the loss of 8000 men and fourteen cannon. The 
result of this battle was that both the Italian armies had 
to retreat, and tho archduke was able to send 50,000 men 
to reinforce the northern army, when, after being defeated 
by tho Prussians, it fell back on Vicuna. Tho Italians, 
moreover, had to give up the hope of obtaining from 
Austria any territory except Venetia, On 10th July tho 
archduke was summoned to Vienna to take command of 
the combined forces which were being collected to defend 
tho capital, but |)eace was made before further hostilities 
took iJaco. From this time he was chiefly occupied with 
tho reform and reorganization of the Austrian army ; he 
was made inspector -general of the forces in 1868. lii 
1870 he conducted the military negotiations preparatory 
to an alliance with France, which, however, was not con- 
cluded. He married, in 184-1, Hildegarde, daughter of 
Ludwig, first king of Bavaria, who died in 1864. He died 
himself 1 8th February 1 895, leaving two daughters. His 
only son died in childhood, and his nephew, Archduke 
Frederick (bom 1856), inherited his great possessions. 

(j. w\ hk) 

AlbuquerC|U0| a city of New Mexico, U.S.A., 
the capital of Bernalillo county, situated in the central 
jiart of tho territory, on the east b«.nk of tho Rio Grande, 
in 35” 05' N. lat. and 1 06” 38' W. long., at an altitude 
of 4950 feet. The streets extend in a regular plan over 
a ]>laiu slo])ing gently to the river. It is the connecting 
]»oint of two main lines of the Atchison, Topeka, and 
Santa Fe railway system. Tho old Mexican town of 
Albuquerque, which antethites American jurisdiction over 
the region, lies about two miles north-west of the modern 
town, with which it is connected by a street railway. 
The population of the new town in 1890 was 3785, and 
in 1900 it was 6238 ; of the old Mexican town, 1733 in 
1890, and 1191 in 1900. 

Aibury, a town in Australia, New South Wales, in 
the county of Goulburn; it stands on the border of 
Victoria and on the right bank of the Murray river, here 
spanned by two bridges, one carrying the roadway, tho 
other the double railway ; 386 miles by rail from Sydney. 
The Murray is navigable for small steamers from this 
town to its mouth, a distance of 1800 miles. Altitude 
572 feet. Mean rainfall (23 years) 26 '39 inches. Popu- 
lation (1881), 5715; (1891), 5447 ; (1901), 5820. 

Alcala de HenareSp a city of 8i>ain, 17 miles 
E.N.E. of Madrid. Population, 87 45. After the transfer 
of the university to Madrid the Government turned most 
of the principal buildings erected by Cardinal Cisneros in 
the 16th century into a dep6t for the archives of various 
state departments. Here, too, are kept very complete 
and curious documents of the Imjuisition, showing all its 
workings from the 15th to the 19 th century. 
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Alcala dc Los QaCUlSSf a town of Spain, 
province of Cadiz, 32 miles E. by S. of Cadiz. It has a 
splendid climate, and the soil in the surrounding districts 
is very fertile. There is a prosperous cork industiy. It 
was originally a Moorish town, as its name indicates 
Population (1897), 10,027. 

AlCamOp a town of Sicily, Italy, in the province of 
Trapani, 24 miles S.W. from Palermo. It stands 837 feet 
above sea-level, and produces wine. It was originally a 
Saracenic town, and was made Christian by tlie Emiieror 
Frederick 11. in 1 233. Population (1881), 37,697 ; (190 1 ), 
51,81 1. 

AlCSStetp a market -town and railway station, 
under a rural district council, in tho south-western 
parliamentary division of Warwicksliire, England, on 
the Alue, 15 miles W.S.W. of Warwick. A Homan 
Catholic school chapel, a hospital for infectious diseases, 
and a reading room have been erected. The manufacture 
of needles has dcchncd ; in tbe town there are implement 
works, cycle works, and a brewery. Area, 1626 acres. 
Population of rural district (1901), 11,392. 

Alcesterp Frederick Beauchamp 
Paprat Seymourp Bakon (1821-1895), British 
admiral, son of Colonel Sir Horace Beauchamp Seymour, 
and cousin of Francis George Hugh Seymouj*, 5th Marquis 
of Hertford, was born on 12th April 1821. Entering the 
navy in 1834, he served in the Mediterranean and the 
Pacific, was for three years flag-lieutenant to his uncle Sir 
George Seymour, and was promoted to be commander in 
1847. He served in Burma us a volunteer in 1852; was 
made a captain in 1851 ; took the Meiectr ironclad battery 
out to the Black Sea and home again in 1856; was captain 
of the Felorm on the Australian station from 1857 to 
1863, and commanded the naval brigade in New Zealand 
during the Maori war, 1860-61, for which he vras madt* a 
C.B. He became a rear-admiral in 1870; in 1871-72 he 
commanded the flying s(|uadrou, was a lord of the Admiralty 
in 1872-74, and commanded the Channel fleet, 1874-76. 
On 3l8t December 1876 he was made tv vice-admiral; a 
K.C.B. on 2nd June 1877. In 1 880-83 he was commander- 
in-chief of the fleet in the Mediterranean, and in 1880 had 
also the chief command of the European squadron sent to 
the coast of Albania as a demonstration to compel the Porte 
to cede Dulciguo to Montenegio. On 24th May 1881 he 
was made a G.C.B., and on 6th May 1882 was promoted 
to the rank of admiral. In July 1882 he commanded at 
the bombardment of Alexandria and in the subsequent 
ojierations on the coast of I-!gy]>t, for which service he was 
raised to the peerage as Baron Alcester of Alcester in the 
county of Warwick, receixed a parliamentary grant of 
£25,000, the freedom of the city of London, and a sword 
of honour. On hi.s return from the Mediterranean ho 
was for a couple of years again at tho Admiralty, and in 
1886 he was placed on tho retired list. For the next 
nine years he lived chiefly in London, but latterly his 
health was much broken, and he died on 30th March 
1895. He was unmarried, and the peerage became 
extinct. (j. k. l.) 

Alcockp Sir Rutherford (1809-1897), British 
consul and diplomatist, w^as the son of Dr Thomas Alcock, 
who practised at Ealing, near London, and himself followed 
the medical profession. In 1836 ho became a surgeon in 
the marine brigade which took jiart in the Carlist war, 
and gaining distinction by his services was inatle deputy 
inspector-general of hospitals. He retired from this 
service in 1837, and seven years later was appointed consul 
at Foochow in China, where, after a short official stay at 
Amoy, he performed the functions, as he himself expressed 
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it, “of everything from a lord chancellor to a sheriflTs officer.” 
Foochow was one of the forts opened to trade by the 
treaty of 1842, and Mr Alcock, as ho then was, had to 
maintain an entirely new position with the Chinese 
authorities. In so doing he was eminently successful, 
and earned for himself promotion to the consulate at 
Shanghai. Thither he went in 1846, and made it an 
especial part of his duties to superintend the establish- 
ment and laying out of the British settlement, which has 
develojied into such an important feature of British com- 
mercial life in China. In 1858 he was a])pointctl consul- 
general in the newly-opened empire of Ja]>an, and in the 
following year was promoted to be minister ]>lenipoten- 
tiary. In those days residence in Japan was surrounded 
with many dangers, and the iDooplc were intensely hostile 
to foreigners. In 1860 Mr Alcock’s native interpreter was 
murdered at the gate of the Legation, and in the following 
year the Ltsgation was stornujd by a bo<ly of lionins, 
whose athick was repulsed by Mr Alcock and his staff. 
Shortly after this event he returned to England on leave. 
Already he had been ma<le a C.B. (1^60), and in 1862 he 
was made a knight commander of the order. IVo years 
later he returned to Jaiian, and after a year’s further 
residence hcj was transferred to Beking, wIhto he repre- 
sented the British Government until 1871, when he 
retired. But though no longer in official life liis leisure 
was fully occu]>iod. He was for somo yt*ars president of 
the Royal Geograi>hical Society, and he serviid on many 
commissions. Ht» was t^vl(•e iiMiried, first m May 1841 
to Henrietta Mary, daughter of (Miarles Bacon, Esq., who 
died in 1853, and 8ec(mdl> (8th July 1862) to the wridow 
of the Rev. John Lowder, who died on 13tii March 1890. 
Ho was the authoi of seveial works, but tlie one by which 
he will bo known is Th^ (>ajnial a/ (he which 

Appeared in 1803. Ho died in London on 2nd November 
1897. (it. K. D.) 

Alcott, Amos Bronson (1799-1888), Ameri- 
can educAtionalist and w'riter, was born in Wolcott, 
Connecticut, 29tli November 1799. His father was a 
farmer and mechanic, Jose]»h (’liattudd Alcox, whose 
ancestors, then bearing tin' name of Alcocke, had settled 
in eastern Massachusetts in early colonial days. The 
external events in Amos Bronson Alcott’s long life WTre, 
for the most part, siiiijile and unimportant. S(df-educated 
in youth, and early tlirowui iijion his own resources, he 
began to earn his living by jieddliiig books and merchan- 
dise in Virginia, afterward teaching in that state and in 
other southern states. J )c’termined to devott* himself to 
educational w'ork, in 1828 he oijeiied, in Boston, a school 
which became locally famous bcwiusi* of his original 
methods ; his ]>lan being b) develop self-instriictiou on 
the basis of sell -analysis, with an ever-present desire oil his j 
own jiart to stimulate tin? chi hi ’s j)ers()naht >. The feature 
of his school which attracted most attention, perhajjs, , 
was his scheme for the teacher recei^ ing punishment, in j 
certain circumstanct's, itt tJie han<ls of an offending pujul, 
whereby the sense of shame might be quickened in the 
mind of the errant child. The seliool was not pecuniarily j 
nuccessful, although Alcott had won the affection of some 
of his pujiils, and liis educational exj)eriiiieiits had 
challenged the attention of studimts of jHidagogy. After a 
visit to England, in 1842, he founded, with two English 
associates, at “ Fruitlands,” in the towui of Harvard, 
Massachusetts, a communisth* experiment at farm-living 
and nature-meditation, as tending to develop the best 
jKiwers of body and soul. This speedily came to naught, 
and Alcott sul^equeiitly took up his home near Emerson, 
ill Concord, Massachusetts, and sjioke, as oi»purtunity 
offered, before the “lyceums” then common in various i 
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parts of the United States, or addressed groups of hearers 
as they invited him. These “ conversations,” as he called 
them, were more or less informal talks on a gimt range 
of topics, spiritual, aesthetic, and practical, in which 
he emphasized the ideas of the school of American 
Transcondentalists led by Emerson, who was always his 
supjxirter and discreet admirer. He dwelt upon the 
illumination of the mind and soul by direct communion 
with the Creative Spirit; upon the spiritual and poetic 
monitions of external nature; and upon the benefit to 
man of a serene mood and a simple way of life. As 
regards the trend and re^sults of Alcott’s philosophic 
teaching, it must be said that, like Emerson, he was some- 
times inconsistent, hazy, or abrupt. But though he 
formulated no system of philosophy, and seemed to show 
the influence now of Plato, now of Kant, or of German 
thought as filtered through the brain of Coleridge, he was, 
like his American master, associate, and friend, steadily 
optimistio, idealistic, individualistic. The teachings of 
William Ellery Clianning, a little before, as to the sacred 
inviolability of the hmnan conscience — anticijiatiug the 
later conclusions of Martineau — really lay at the basis of 
the work of most of the Concord Transcondentalists and 
contributors to The Dialy of whom Alcott w'as one. In 
his last years, living in a serene and beautiful old ago in 
his Concord home, where every comfort was provided by 
his daughter Louisa (</.v.), Alcott was gratified at being 
able to become the nominal, and at times the actual, head 
of a Concfird summer school of philosophy, in which — in 
a rudely -fashioned building next his house — thoughtful 
listeners were addressed, during a part of several succes- 
sive summer seasons, on many themes in philosophy, 
religion, and letters. Of Alcott’s published works the 
most important is TahleU (1868) ; next in order of merit 
is Voimord Dat/s (1872). His JSonMets aful CamoiietSy 
1882, are chiefly interesting as an old man’s experiments 
in verse. He left a great and symmetri(‘al collection of 
personal jottings and memorabilia, most of which remain 
unpublished. He died in Boston, 4th March 1888. 

(c. F. II.) 

Alcott, Louisa May (1832-1888), during the 
last quarter of the 19th century the favourite American 
author of juvenile stories (esi)ecially for girls), was the 
daughter of Amos Bronson Alcott, and though of New 
England jMirentage and residence, was bom in German- 
town, Pennsylvania, 29th November 1832. She began 
work at an early age as teacher and writer, and was an 
amateur nurse in army hospitals during the civil war of 
1861-65. Her newspaper letters, collected as Hospital 
SJeeirhes (1863), displayed some power of observation and 
record; while MoodSy a novel (1864), desjute its uncer- 
tainty of method and of touch, indicated the possibility 
that Miss Alcott might develop into a strong novelist of 
character, with a symjiathetic insight into the decqier 
springs of vital a(;tion. She soon turned, however, 
to the rapid production of stories for girls, and, with 
the exception of the cheerj^ tale entitled Work (1873), 
and the anonymous novelette A Modem Mephistopheles 
(1877), which attracted little notice, she did not return 
to the more ambitious fields of the novelist. Her success 
dated from the appearance of the first series of Little 
Women: or, Megy Joy Bethy and Amy (1868), in which, 
with unfailing humour, freshness, and lifelikeness, she 
put into story form many of the sayings and doings of 
herself and her sisters. Little Men (1871) similarly 
treated the cliaraftter and ways of her nephews, in that 
house in Concord, Massachusetts, in which Miss Alcott’s 
industry had now established her parents and other mem- 
bers of the Alcott family ; but most of her later volumes^ 
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An Old FaMofMd OMy Aunt Jo^s Scrap Bag (6 yolumesX 
Boh in Bloom^ followed in the line of Little 
Women, of which the author's large and loyal public 
never wearied. Her natural love of labour, her wide- 
reaching generosity, her quick perception, and her fond- 
ness for sharing with her many readers that cheery humour 
which radiated from her personality and her books, led 
her to produce stories of a diminishing value, and at 
length she succumbed to overwork, dying in Boston 6th 
March 1888, two days after the death of her father in the 
same city. Miss Alcott's early education had i^artly been 
given by the naturalist Thoroau, but had chiefly iKjen in 
the hands of her father; and in her girlhood and early 
womanhood she had fully shared the trials and poverty 
incident to the life of a peripatetic idealist. In a news- 
paper sketch entitled Transcendental Wild Oats,” after- 
wards reprinted in the volume Silver Pitrliere^ she narrated, 
with a delicate humour, which shows what her literary 
powers might have been if freed from drudgery, the 
experiences of her family during an experiment towards 
communistic “plain living and high thinking” in the 
town of Harvard, Massachusetts, in 1843. The story of 
her career has been fully and frankly told in Mrs Ednah 
1). Cheney's Louisa May Alcott: her Life^ Letters^ and 
Jownuile (1889), one of the most noteworthy of American 
biographies, considered as an unconsciously pathetic record 
of a cheery woman’s life -sacrifice for the support and 
comfort of her relatives. (c. f. r.) 

AIcOYi a town of the province of Alicante, Spain. 
It has much grown in importance owing to its manu- 
factures, in which that of linen must be included. New 
private and public schools, a chamber of commerce, town 
hall, barracks, hospital, institute, and casinos have been 
built and the churches repaired. It has been frequently 
the scene of strikes and popular disturbances. Popu- 
lation (1897), 30,118. 

Aicyonaria. See Anthozoa. 

Aldan, a river of Asiatic Kussia, East Siberia, a right 
bank tributary of the Lena, rises in the southern parts 
of the high i)lateau of East Siberia, flows mostly over 
desert highlands for 11 GO miles N.E., N., and N.W., and 
joins the T^ena 120 miles below Yakutsk. There are a 
few settlements in its lower course. The Aldan Range is 
the name given to the part of the Stanovoi border range 
which faces the Sea of Okhotsk. 

AldoburSfh, or AiumoRonoH, a muuici])al borough 
(1885), market-town, and railway station in the Wood- 
bridge parliamentary division of Sullblk, England, on the 
coast, 24 miles E.N.E. of Ipswich. A small IGth-century 
moot-hall, restored in 1 855, is used for corporation meet- 
ings. The church of St Peter and St I'aul was restored in 
1882 and 1891. A jubilee hall has been erected. There 
is an excellent golf course. Area, 1972 acres. Popula- 
tion (1881), 210G; (1891), 2159; (1901), 2405. 

Aldorshot, a town and ])arish of England, 35 miles 
S.W. of London by rail, in the Basingstoke i)arliamcntary 
division of Hampshire, situated one mile from the 
Basingstoke Canal. A mere village till 1855, when 
Aldershot Camp was established, the town was in 1857 
erected into a local government district, and in 1894 was 
created an urban district. The ancient parish church was 
restored in 1891. There are a theatre and a cottage 
hospital (1897). Area of urban district, 4178 acres. 
Population (1881), 20,155; (1891), 25,595; (1901), 30,974. 

Military Depot , — “ Camp ” is no longer a suitable name 
for the milittiry buildings at Aldershot. The wooden 
huts erected in 1855, which formed the North and South 
Camps, were not cahulated to last many years, and it 
became necessary to replace them with permanent build- 
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ings. A commencement was made in 1881, and under 
the Barracks Act, 1890, and the Military Works Acts of 
1897 and 1899, large sums were provided for completing 
the work. Although a few wooden buildings remain for a 
time, the expenditure of nearly £1,800,000 thus provided 
has made Aldershot, at the commencement of the 20th 
century, by far the largest assemblage of permanent bar- 
racks, as well as the greatest training station for troops, 
in the British Empire. 

Tho Old North Camp is now named Afarlborougli Lines, with a 
three>battory field artillery barrack and five infantry battalion 
barracks called after Marlborough's victories — Blenheim, Mab 
plaquot, Oudenarde, Raimllies, and I'ournay. South Camp is 
now named Stanhope Linos, after Mr. Stanhope, secretary of 
state for war when the Barracks Act, 1890, was passed and the 
reconstruction commenced in earnest. They contain barracks for 
tho Royal Engineers and Army Service Cori)s north of the General 
Parade, which stretches east and west, and four infantry battalion 
barracks south of it, with a fifth at the east, called Albuera, 
Barossa, Corunna, Maida (Sicily), and Mandora (Egypt), after 
battles of the wars with Franco, 179IM8ir>, in whieli Wellington 
did not command. There are also barracks for tlio lioyal Army 
Medical Cor))S. The old peimancnt barracks have been renamed 
Wellington Linos, with narraiiks for thiec cavalry regimonts, 
west, cast, and south ; for three batteries oi horse and three 
batteries of field artillery ; and for tlirco iiilantry battalions called 
Badsjos, Salamanca, ana Talavera, after Wellington’s victories in 
the Peninsula. For tho sick tlicre are tho Connaught Hospital 
ill Marlborough Lines, tlio Cambridge Hospital m Stanhope 
Lines, and ilie Union Hospital in Wellington Lines, besides the 
Louise Margaret Hospital for women and children alongside Cam- 
bridge Hospital, and tho infection liospital on the isolated Thorn- 
hill, half for men ami half for women and children The biitld- 
iiigs in Wellington Lines, for the most part completed about 
1857, arc in some rrsj)ccts not up to the modern standard, but 
those in Stanhope and Marlborough Lines may be regal ded as 
typical examples of modern barrat*k8 and liospitals. 

The drainage of the station is all modern and of the best 
description, and the sewage is dis[)o.scd of on a sewage farm 
worked by an expert, under the direction of tho War D»q>artment, 
w’ltli the primary object of meeting all sanitary requirements, not 
of making a profit. The w ator-8up]>ly is partly from the Aldershot 
Water Comjjany, and partly from sjmng^ and icscrvoirs collecting 
water from a reserved area of War l>i]*aitnu'nt property. The 
lighting of Wellington Lines is by gas, and Slanno}>c and Marl- 
borough Lines are Jiglited by clectncify. 

Most of tho barracks are large enough to accommodate not 
only the units they arc constructed for. Init also detachments of 
soldiers from other stations wlio are going through courses of 
instruction. Including these detachments and tlie largo number 
of soldiers’ wi\es and children for wdioni qiiarteis an* provided, 
the population of the station may at times reach a total of 24,000, 
with 4000 or more horses. 

Besides tho regimental buildings there are a large number of 
buildings for garrison purposes, in addition to the hospitals 
already mentioned ; such as (luartcrs and offices for general, staff, 
and dcjiartmeiital officers, witii the warrant and iiou-commissionod 
officers employed under them ; the supnly depot with abattoir and 
bakery, wliencc the garrison is supplicti with rations both of food 
and forage ; the oranaiice stores, where are kept all kinds of 
military stores and mobilization equipment, barrack stores for 
furniture and bedding, engineer shops and stores for 8er\ice8 
performed by the Roy.il Engineers, the balloon establishment 
for the manufacture of militiiy balloons, tho \tU*cine establish- 
ment for the production of calf-lymph lor the army, the military 
piison, fire brigade stations, five churches, recreation gi’oundsfor 
officers and men, schools foi the literary instruction of ailults and 
children, and especially tho«.o military technical schools which 
form one of the chief features of Aldeihliot as a training station. 
These technical schools are as fiillow’s : army cookery school, for 
training cooks who shall not only cook for soldiers, but also teach 
tiicm to cook for themselves ; aniiy gymnastic school, for the 
gymnastic instruction of the troops at Aldershot, and especially 
for training instructors for other stations ; Army Service Corps 
school, for instruction of Army Service Corjis officers in their 
duties ; army signalling school, for training signallers ; army 
veterinary school, for training of officers and men, the latter as 
farriers ; ballooning school, for instruction and training of officers 
and men in the management of balloons ; mounted^ infantiy 
school, for instruction of officers and men in the duties of mounted 
infantry, the whole tr.uniug of winch force is earned out at 
Aldershot ; training school for Royal Arriiy Medical Corps, for 
tiaining officers ana men for their duties in liosjntal and field. 

Tlio work of these schools is, however, only a small part of tha 
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miliUry training afforded at Aldershot : there still remain those 
very important brauohes for which Aldershot was originally 
started, and for the carrying out of which a considerable extent 
of land is essential, viz., musketry, company training, reoon* 
naiseanoe, and field days. For these purposes a large tract of 
land was purohased between 1854 and 1860, and since then 
additional property has been acquired fi-om time to time, so 
that at present it extends, though with many interruptions, 
over an area about 9^ miles in extreme length by 74 miles in 
extreme width. In addition to tliis there is the land at Sand- 
liurst and the Staff College, about 6^ miles distant, and at 
Wobner Forest, 12 miles distant. Tlie musketry practice of the 
troops at Aldershot is carried out at the Ash ranges, 2 miles east 
of the barracks, while the Pirbright ranges, alongside those of the 
National Rifle Association at Bisley, are utilized by the house- 
hold cavalry and guards, who are encamped there in succession. 
Huitable land, within an easy marcli of the barracks, is utilized 
for company, battalion, and brigade training of infantry, while 
the mounted branches work over a wider area, and the engineers 
oarrv out thoir practices where most convenient. For field days 
of the three arms — cavalry, artillery, and infantry-— the wliole of 
the War Department pro|>orty is available. 

Besides the troo^is in barracks, during tlie drill season there is 
often a oousiderable force in camp, both regular troops from other 
stations, and militia and volunteers. Some si^ty camping grounds 
have been specially prepared for them, so that, including the 
regular garnson, sometimes as many as 40,000 troops have been 
concentrated at the station for training and manoiuvres. 

(h. Ix)) 

Aldrich. Thomas Bailey ( 1 S 36 ), 

American author, was born in Portsmouth, Now Ilanip- 
shire, on the 11th Novombor 1836 ; his birthplace being 
the “Bivermouth” of several of his longer and shorter 
stories, while the Fiscataqua river, the Isles of Shoals, 
and other scenes familiar to his boyhood, are frequently 
commemorated in his prose and verst). His early life — 
partly described in bis tStf/ry of a Bmi Bo// (1869), in 
which “ Tom Bailey ** is the juvenile hero — was spent in 
business offices in New Orleans and New York, until his 
literary tastes led him to become a contributor to various 
newspapers in the latter city. Between 1856 and 1859 
ho was on the staff of the New York Ilonie Journal, then 
edited by the once jKipular jKiet N. P. Willis ; while during 
a jiart of the civil war he was culitor-in-chief of the 
York lllmtrated Mewn, the most grajihic of the jdetorial 
recorders of tluit conflict. These journalistic experiences 
brought him into close relations with Stedmaii, Stoddard, 
Taylor, Whitman, the sculptor Lauiit Thompson, ami 
many others of the younger writers and artists of the 
“ sixties,’’ some of whom essayed to set up a mild Bohemia 
in the American metropolis. In later years he edited the 
eclectic (and, for a time, illustrated) weekly Every Saturday, 
Boston, between 1870 and 1 874, and The Atlantic Monthly 
for nine years, beginning with 1881, Aldrich’s successive 
books of verse, chiefly The Ballad of Bahie Bell (1856), 
Bampiivea, awl Oiluar Poevns (1861), Flower and Thorn 
(1876), Friar Jeron^^ 8 Beaut if al Book (1881), Thiriy-tdx 
Lyrics and Twelve Sonnets (1881), Mercedes and Later 
Lyrics (1883), Wywihatn Towers (1889), and the collected 
editions of J 865 and 1 882, showed him to be a poet of 
lyrical skill, dainty touch, and felicitous conceit, the 
influence of Herrick lieing constantly apparent. He has 
repeatedly essayed the long narrative or dramatic poem, 
but seldom with success, save in such earlier work as 
Cramawt Hall in the 1865 collection. But no American 
poet has shown more skill in describing some single 
picture^ mood, conceit, or episode. The liest things he 
has written are such lyrics as “ Hes^ierides,” “ When the 
Sultan goes to Ispahan, “ IWfore the Bain,” “ Nameless 
1^” “The Tragedy,” “Seadnft,” “Tiger-Lilies,” “The 
One White Rose,” “ Palabras Oarifiosas,” “ Destiny,” or 
the eight-line poem “ Identity,” whieh did more to spread 
Aldrich’s reputation than any of his writing after the 
“Babie Bell” of 1856. Beginning with the collection of 
stories entitled Marjorie Daw and Other People (1873), 


Aldrich applied to his later prose work that minute ease 
in composition which had previously characterized his 
verse— taking a neat, new, or salient situation, and setting 
it before the reader in a pretty combination of kindly 
realism and reticent humour. In the novels of Pfudence 
Palfrey (1874^ The Queen of Sheba (1877), and The 
Stillwater Tragedy (1880), there is more rapid action; 
but the Portsmouth pictures in the first-named are elabor- 
ated with the affectionate touch shown in the shorter 
humorous talc, A Biuermouth Romance, In An Old Town 
by the Sea (1893), the author’s birthplace was once more 
commemorated in plainer colours, while travel and descrip- 
tion are the theme of the chapters entitled From Ponka* 
pog to Pesth (1883), though the portrayals are still those 
of a poet and humorist. 

Aleardi, Aleardo, Count (1812-1878), Italian 
poet, was born at Verona, 4th November 1812, and thus 
BOOH after his birth became an Austrian subject. Inspired 
from his cradle with a hatred of the foreigner, he found 
himself disqualified for the position in the public service 
to which his rank would have entitled him, and unable 
to publish his patriotic verses. Arnaldo da Rocca, a 
narrative poem, nevertheless appeared in 1842, and the 
revolutionary year 1848 made an opening for his Lettere a 
Maria. He took an active part in the popular uprising, 
and was for some time imprisoned. In 1856 he produced 
the finest of his {lieces, an ode to the maritime cities of 
Italy, and in 1858 a ])oem on his own misfortunes. After 
the expulsion of the Austrians from Lombardy ho returned 
to Verona, published his poems in a collected edition, 
became professor at the Academy of Fine Art, memlier of 
the Italian Parliament, and eventually senator. He died 
on 17th July 1878. Aleardi’s warmth of patriotic feeling 
hardly finds ade(|uate expression in his poetry ; it is his 
merit to excel iii description, but his fault to substitute 
description for action. 

Alefi. See Nkw Caledonia. 

AlomteJOy a southern jirovince of Portugal, meas- 
uring 155 miles long from N. to S., and 60 miles in mean 
breadth, with an area of 9425 sijuare miles, and population 
393,054 ; density, 41 ‘7 inhabitants to the square mile. The 
horses in this province embrace the Alter breed, the finest in 
the kingiloin. Marble is found, and there are copfier and 
iron mines. Mineral waters exist at Aljustrel, Cabeqo de 
Vide, Mertola, Ouguella, Portalegre, Souzel, and Vimieiro, 
Cloth is manufactured at Portalegre and pottery at 
Estremoz. The only port is Villa Nova de Milfontes. 
There are meteorological stations at Evora, Beja, and 
Campo Maior. 

AlsppOf (1) a vildyet of Asiatic Turkey, in Northern 
Syria. The mountain districts, which occupy nearly half 
the area, are rich in iiuneral wealth, and the large inland 
plains are fertile but uncultivated. Mineral springs are 
numerous. Nearly all the external trade passes through 
Alexaudretta ; the average annual value of the exports for 
1896-98 was £1,075,453, and of import8£2,014,012. Popu- 
lation, 995,800 (Moslems and Ansarieh, 792,400 ; Chris- 
tians, 183,400 ; Jews, 20,000). (2) The chief town of the 
vilayet, situated near the edge of the Syrian desert, in a 
fertile valley, almost enclosed by limestone hills, through 
which runs the Koweik (Chains). Its former importance 
and rapid recovery from repeated disaster were due to its 
position on the caravan route to Baghdad, Persia, and 
India. Its large trade led to the establishment of a 
British consulate and factory in the reign of Elizabeth. 
The opening of the sea route to India affected its prosperity, 
but it is still the enqiorium of Northern Syria, and con- 
nected with its port Alexandretta by a carriage road (96 
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miles). Aleppo was a place of importance 2000 years b.o., 
and is mentioned in Egyptian and Assyrian inscriptions. 
It was enlarged and called Bertm by Seleucus Nicator, but 
the old name afterwards reasserted itself under the form 
HcjUh. It was rebuilt after an earthquake in the 12th 
century by the famous Niir ed-Din, and was closely con- 
nected with the history of Saladin and his successors. The 
town has always retained its Arab character, and the 
Christians and Jews have their own quarters. Population, 
129,000 (Moslems, 98,000; Christians, 23,000; Jews, 
8,000). It is the seat of a British consulate. 

AISSSAndria^ chief town of the Italian province 
of the same name, situated almost entirely upon the 
right bank of the river Tanaro, slightly to the west of its 
confluence with the Bormida. It is distant 57 miles from 
Turin by rail. The population numbers 70,000, half 
living in the city proper and half in the suburbs. Ales- 
sandria is therefore divided into two municipal districts, 
the one within, the other outside the walls. It is the 
headquarters of the second army corps. From a military 
point of view its importance is great, its citadel being 
considered one of the principal bulwarks of Italy and 
the strategic key of Piedmont. The interior of the 
cathedral was recently restored in Bramantcs(][ue style, ac- 
cording to designs by Count Mclla. Among public buildings 
are the provincial and municipal palaces, the civil hospital, 
lately remodelled in accordance with modern hygienic 
exigencies, the synagogue, the lunatic asylum, the episco|nil 
seminary, the library, and the munici|)al theatre. The 
cattle market with its vast roofing and pens is the most 
important in Italy. Education is provided for by a royal 
lyceum-gymnasium, by a technical school and an institute, 
and by a normal female school. In regard to charitable 
institutions Alessandria is provided with a foundling 
hospital, a refuge for mendicants, and several asylums and 
hospitiils. More than 50 mutual benefit associations pro- 
vide for the insurance of the working classes, while an im- 
portant savings Ixink testifies to the thrift of the population. 
The princijial monuments are statues to the liberal states- 
man Urbano liattazzi, to Andrea Vochieri, and to the 
Alessandrians who fell during the Ilisorgiinento. The 
chief manufactures are furniture-making, liat-making, and 
iron-smelting. Trade is favcjured by the circumstance that 
the town stands at the converging point of several valleys, 
rich both in industrial and agricultural products, (a, fk.) 

Aleutian Islands. See Alaska. 

Alexander II. (I8I8-I88I), emperor of Eussia, 
eldest son of Nicholas L, was born on 29th April 1818. 
His early life gave little indication of his subseipient activity, 
and up to the moment of his accession in 1855 no one ever 
imagined that ho would be known to posterity as a great 
reformer. In so far as he had any decided political con- 
victions, he seemed to be animated with that reactionary 
spirit which was predominant in Europe at the time of his 
birth, and continued in Eussia to the end of his father’s 
reign. In the period of thirty years during which he was 
heir-apparent, the moral atmosphere of St Petersburg was 
very unfavourable to the development of any originality of 
thought or character. It was a time of government on 
martinet principles, under which all freedom of thought 
and all private initiative were as far as possible suppressed 
vigorously by the administration. Political topics were 
Btudiouwsly avoided in general conversation, and books or 
newspapers in which the most keen-scented press-censor 
could detect the least odour of political or religious free- 
thinking were strictly prohibited. Criticism of existing 
authorities was regarded as a serious offence. Tlie common 
policeman, the insignificant scribe in a public office, and 
even the actors in the “ imperial ” theatres, were protected 
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gainst public censure as effectually as the Government 
itself ; for the whole administration was considered as one 
and indivisible, and an attack on the humblest reiiresento- 
tive of the imperial authority was looked on as an indirect 
attack on the fountain from which tliat authority flowed. 
Such was the moral atmosphere in which young Alexander 
Nicolaevitch grew up to manhood. He received the educa- 
tion commonly given to young llussians of good family at 
that time — ^a smattering of a great many sulyects, and a 
good practical ^quaintance with the chief modern Euro|)ean 
languages. Like so many of his countrymen he displayed 
great linj^istic ability, and his quick ear caught up even 
Iieculiarities of dialect. His ordinary life was that of an 
oflSicer of the Guards, modified by the ceremonial duties 
incumbent on him as heir to the throne. Nominally he 
held the post of director of the military schools, but he 
took little i)ersonal interest in military affairs. To the 
disappointment of his father, in whom the military instinct 
was ever predominant, he showed no love of soldiering. 



Alkxanofh II. 

(From o photograph by tt IK Dovtnry^ London.) 


and gave evidence of a kindliness of disposition and a 
tender-heartedness which wtfc considered out of place 
in one destined to become a military autocrat. These 
tondeucios had been fostered by his tutor Zhukovski, the 
amiable, humanitarian poet, who had made the Eussiari 
jmblic acquainted with the literature of the German 
romantic school, and they remained with him all through 
life, though they did not prevent him from being severe 
in his official position when he l^elieved severity to be 
necessary. In 1841 he married th(» daughter of the Grand 
Duke Ludwig II. of Hesse, Maximilieniie 'Wilhelinine 
Marie, thenceforward knoAvii as Maria Alcxandroviia, vho 
boro him six sons and two daughters. He did not travel 
much abroad, for his father, in his desire to exclude from 
Holy Eussia the subversive ideas current in Western 
Europe, dis:approved foreign tours, and could not con- 
sistently encourage in his own family wliat he tried to 
revent among the rest of his subject". In the ycais, 
owever, immediately preceding his accc.ssioii, he was 
entrusted with several missions to the courts of Berlin and 
Vienna. On 2nd March 1855, during the Crimean war, 
he succeeded to the throne on the death f)f his father. 

S. L — 33 
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The first year of the new reign was devoted to the 
prosecution of the war, and, after the fall of Sebastopol, 
to negotiations for peace. Then began a iieriod of radical 
reforms, recommended by public opinion and carried out 
by the autocratic power. The rule of Nicholas, which 
hi^ sacrificed all other interests to that of making Russia 
an irresistibly strong military i>ower, had been tried by 
the Crimean war and found wanting. A new system 
must, therefore, be adoi>ted. All who had any pretensions 
to enlightenment declared loudly that the country had 
been exliausted and humiliated by the war, and that the 
only way of restoring it to its projKjr jiosition in Europe 
was to develop its natural resources and to reform 
thoroughly all branches of the administration. The 
Government found, therefore, in the educated classes a 
new-born public spirit, anxious to assist it in any work of 
reform that it might think fit to undertake. Fortunately 
for Russia the autocratic power was now in the hands of 
a man who was imjiressionable enough to be deei)ly influ- 
enced by the spirit of the time, and who had sufficient 
jirudence and })ractical common-sense to ] prevent his being 
carried away by the i>revailing excitement into the dangerous 
region of Utopian dreaming. TTnlike some of his prede- 
cessors, he had no grand, original schemes of his own to 
impose by force on unwilling subjects, and no pot crotchets 
to lead his judgment astray , and he instinctively looked 
with a susjuciouH, critical t^ye on the panaceas which more 
imaginative and less cautious iieojde recommended. These 
traits of character, together with the {Kjcnliar circumstances 
in w’hich he was placed, deteniimod the jwirt which he was 
to play. He moderated, guided, and in great measure 
realized the reform aspirations of the educated classes. 
Though he carefully guarded his autocratic rights and 
jiriviloges, and obstinately resisted all efforts to push him 
farther than ho felt inclined to go, he acted for several 
years somewhat like a constitutional sovereign of the Con- 
tinental type. At first he moved so slowly that many of 
the iini*atient, w^ould-be reformers began to murmur at the 
unnecessary delay. In reality not much time was lost. 
Soon after the conclusion of peace important changes were 
made in the legislation con(»erning imlustry and commerce, 
and the new freedom thus accorded jiroduced a large 
numlnsr of limited liability com])anies. At the same time 
plans were formed for c.oiist meting a great network of 
railways, jiartly for the purpose of develo])ing the natural 
resources of the country, and i>artly for the jmrjKJse of 
increasing its jiowers of defence and attack. Then it w’tis 
found that further progress was block(jd by a grtiat obstacle, 
Bmmndpa- existence of serfage , and Alexander 1 1. 
tioBofth 9 showed that, unlike his father, he meant to 
Mrte. grap))le l)oldly wdth the difficult and dangerous 
problem. Taking advantage of a })etition ])reseiited by 
the Polish landed proprietors of the? Lithuanian provinces, 
praying that their relations with the serfs might be 
regulated in a more satisfactory way- -meaning in a way 
more satisfactory fcjr the ]iro]»netors — he authorized the 
formation of committees “ for ameliorating the condition 
of the peasants,” and laid dow^ii the j)rinciple8 on which 
the amelioration was to be (‘ffected. This was a decided 
step, and it was follow^ed by one still more significant. 
Without consulting his onliiiary advisers, his Majesty 
ordered the minister of the interior to send a circular to 
the provincial governors of European Russia, containing a 
copy of the instructions forwarded to the governor-general 
of Lithuania, jiraising the sup]»osed generous, patriotic in- 
tentions of the Lithuanian landed ])roprietors, and suggest- 
ing that i^erhaps the landed proprietors of other provinces 
might express a similar desire. The hint was taken, of 
course, and in all provinces where serfage existed emanci- 
pation committees were fonued. The deliberations at once 


raised a host of important^ thorny questions. The eman- 
cipation was not merely a humanitarian question capable 
of being solved instantaneously by imperial ukaz. It 
contain^ very complicated problems affecting deeply 
the economic, social, and political future of the nation, 
Alexander II. had little of the special knowledge required 
for dealing successfully with such problems, and he had 
to restrict himself to choosing between the different 
measures recommended to him. The main point at 
issue was whether the serfs should become agricultural 
labourers dependent economically and administratively on 
the landlords, or should be transformed into a class of 
independent communal proprietors. The emperor gave 
his support to the latter project, and the Russian peasantry 
accordingly acquired rights and privileges such as are 
enjoyed by no other peasantry in Europe. In the numerous 
other (|ueRtions submitted to him be began by consulting 
carefully the conflicting authorities, and while leaning as 
a rule rather to the side of those who were known as 
“Liberals,” he never went so far as they desired, and 
always sought some middle course by which conflicting 
interests might be reconciled. On the 3rd of March 1861, 
the sixth anniversary of his accession, the emancipation 
law was signed and imblished. Other reforms followed 
in quick succession during the next five or six years : 
army and navy organization, a new judicial administration 
on the French model, a new penal code and a greatly 
simplified system of civil and criminal procedure, an 
elaborate scheme of local self-government for the rural 
districts and the large towns, with elective assemblies 
possessing a restricted right of taxation, and a new rural 
and municipal police under the direction of the minister 
of the interior. These new institutions were incomparably 
better than the old ones which they replaced, but they 
did not work such miracles as inexperienced enthusiasts 
expected. Comparisons wore made, not with the past, but 
with an ideal state of things which never existed in Russia 
or elsewhere. Hence arose a general feeling of disappoint- 
ment, which acted on different natures in different ways. 
Some of the enthusiasts sank into a sceptical, reactionary 
frame of mind ; while others, with deej)er convictions or 
capable of more lasting excitement, attributed the failure 
to the fact that only half-measures and comj^romises had 
Ixsen adopted by the Government. Thus appeared in the 
educated classes two extrenie groups : on the one hand, 
the discontented Conservatives, who recommended a return 
to a more severe disciplinarian rhjime ; and on the other, 
the discontented Radicals, who would have been satisfied 
with nothing less than the adoption of a thoroughgoing 
socialistic j)rogramme. Between the two extremes stood the 
discontented Moderates, who indulged freely in grumbling 
without knowing how the unsatisfactory state of things 
was to be remedied. For some years the emi)eror, with 
his sound common-sense and dislike of exaggeration, held 
the balance fairly between the two extremes; but long 
years of uninterrupted labour, anxiety, and disa)>i)oint- 
ment weakened his zeal for reform, and when radicalism 
assumed more and more the form of secret societies and 
revolutionary agitation, he felt constrained to adopt severe 
repressive measures. 

The revolutionary agitation was of a very peculiar kind. 
It was confined to a section of the educated classes, and 
emanated from the universities and higher technical schools. 
At the beginning of the reform period there had been much 
enthusiasm for scientific as opposed to classical education. 
Russia required, it was said, not classical scholars, but 
practical,* scientific men, ca]>able of developing her natural 
resources. The Government, in accordance with 
this view, had encouraged scientific studies 
until it discovered to its astonishment that there was some 
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mysterious connexion between natural science and lovolu- 
tionary tendencies. Many of the young men and women^ 
who were supposed to be qualifying as specialists in the 
various spheres of industrial and commercial enterprise, 
were in reality devoting their time to considering how 
human society in general, and Russian society in x^articular, 
could be reconstructed in accordance with the latest physio- 
logical, biological, and sociological principles. Some of 
these young people wished to put their crude notions 
immediately into practice, and as their desire to make 
gigantic socialist experiments naturally alarmed the Govern- 
ment, their activity was opiK>sed by the police. Many of 
them were arrested and imprisoned or exiled to distant 
provinces, but the revolutionary work was continued with 
unabated zeal. Thus arose a struggle between the youth- 
ful, hot-headed partisans of revolutionary physical science 
and the zealous official guardians of political order — a 
struggle which has made the strange term Nihilism a 
familiar word not only in Russia but also in Western 
Europe. The movement gradually assumed the form of 
terrorism, and aimed at the assassination of prominent 
officials, and even of the emperor himself, and the natural 
result was that the reactionary tendencies of the Govern- 
ment were strengthened. 

In foreign policy Alexander II. showed the same qualities 
of character as in internal affairs, ever trying prudently to 
steer a middle course. When he came to the 
pQ^ga throne, a peace policy was imf)o&ed on him by 
circumstances. The Crimean war was still going 
on, but as there was no doubt as to the final issue, and 
the country was showing symptoms of exhaustion, he con- 
cluded jjeaco with the Allies as soon as he thought the 
national honour had been satisfied. Prince Gortchakoff 
could then declare to Europe, ** La Ruasie m houde 2 m ; 
die se reciieille ” ; and for fifteen years he avoided foreign 
complications, so that the internal strength of the country 
might be developed, while the national pride and ambition 
received a certain satisfaction by the exjiansiou of Russian 
influence and domination in Asia, Twice, indeed, during 
that period the chancellor ran the risk of provoking w’ar. 
The first occasion was in 18G3, when the Western Powers 
seemed inclined to interfere in the IVjlish question, and 
the Russian chancery declared categorically that no inter- 
ference w'ould be tolerated. The second occasion was 
during the Franco -German war of 1870-71, when the 
Cabinet of St Petersburg boldly declared that it considered 
itself no longer bound by the Black Sea clause of the 
iVeaty of Paris. On both these occasions hostilities were 
averted. Not so on the next occasion, when Russia aban- 
doned her attitude of reaieil lenient . Wheu the Eastern 
Question was raised in 1875 by the insurrection of Herze- 
govina, Alexander II. had no intention or wish to jirovoke 
a great European war. No doubt he was waiting for an 
opportunity of recovering the ]K>rtiou of Bessarabia which 
had been ceded by the Treaty of Paris, and he j)erceived 
in the disturbed state of Eastern Europe a possibility of 
obtaining the desired rectification of frontier, but he hoped 
to effect his purpose by diplomatic means in conjunction 
with Austria. At the some time he was anxious to obtain 
for the Christians of Turkey some amelioration of their 
condition, and to give thereby some satisfaction to his 
own subjects. As autocratic ruler of the nation which 
had long considered itself the defender of the Eastern 
Orthodox faith and the protector of the Slav nationalities, 
he could not remain inactive at such a crisis, and ho 
gradually allowed himself to drift into a position from 
which he could not retreat without obtaining some tangible 
result. Supposing that the Porte would yield to diplomatic 
pressure and menace so far as to make some reasonable 
concessions, he delivered his famous Moscow speech, in 
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which he declared that if Europe would not secure a bettor 
position for the oppressed Slavs he would act alone. The 
diplomatic pressure failed, and war l:>ecame inevitable. 
Daring the campaign he displayed the same perseverance 
and the same moderation that he had shown in the emanci- 
pation of the serfs. To those who began to despair of 
success, and advised him to conclude peace on almost any 
terms so as to avoid greater disasters, he turned a deaf 
oar, and brought the campaign to a successful conclusion , 
but when his more headstrong advisers urged him to insist 
on terms which would probably have produced a conflict 
with Great Britain and Austria, he resolved, after some 
hesitation, to make the requisite concessions. In this reso- 
lution he was influenced by the discovery that he could not 
rely on the exi)ected support of Ciermany, and the discovery 
made him waver in his devotion to the German alliance, 
which had been the main pivot of his foreign policy ; but 
his personal attachment to the Emperor William prevented 
him from adopting a hostile attitude towards the empire 
he had helped to create. 

The patriotic excitement produced by the war did not 
weaken the revolutionary agitation. 'J’he struggle between 
the Terrorists and the jiolice authorities became more and 
more intense, and attempts at assassination became more 
and more frequent. Alexander II. succumbed by degrees 
to the mental depression produced originally by the 
disappointments which he experienced in his home and 
foreign jjolicy ; and in 1 880, when ho had reigned twenty- 
five years, ho entrusted to Count Loris -Melikof a large 
share of the executive jjower. In that year the empress 
died, and a few weeks afterwards he married secretly a 
Princess Dolgoruki, with whom ho had already entertained 
intimate relations for some years. Early in 1881, on the 
advice of Count Loris-Melikof, ho determined to try the 
effect of some moderate liberal refonns on the revolutionary 
agitation, and for this purpose he caused an ukaz to l>o 
prepared creating special commission.s, composed of high 
officials and private personages who should prepare reforms 
in various branches of the administration. On the very 
day on which this ukaz was signed — 1.3th March 1881 — 
he fell a victim to a Nihilist }>lot. When driving in one 
of the central streets of St Petersburg, near tlie Winter 
Palace, ho was mortally ■wounded by the explosion of some 
small bombs, and died a few hours afterwards. 

(d. m. \\\) 

AlOXandor III. (18-15-1894), emjieror of Russia, 
second son of Alexander II., was born on 10th ^larch 1845. 
In natural dis]x>8ition he bore little resemblance to his soft- 
hearted, liberal-minded father, and still less to his refined, 
philosophic, sentimental, chivalrous, yet cunning grand-uncle 
Alexander I., who coveted the title of “ the first gentleman 
of EurojH?.” With high culture, exquisite refinement, and 
studied elegance he had no sympathy, and ne\ er affected 
to have any. Indeed, he rather gloried in the idea of 
being of the same rough texture as the great majority of 
his subjects. His straightforward, al)rui)t manner savoured 
sometimes of gruffness, while Lis direct, unadorned 
I method of expressing himself harmonized well witli his 
I rough -hewn, immobile features and somewhat sluggish 
movements. His education was not fitted to soften tliese 
jieculiarities. During the first twenty years of liis life he 
liad no pros|)ect of succeeding to the throru*, l>ccaiise he 
had an elder brother, Nicholas, who seemed of a fairly 
robust constitution. Even when this elder brother showed 
symptoms of delicate health it was believed that his life 
might 1)6 indefinitely prolonged by proiier care and atten- 
tion, and precautions had l)een taken for the succession 
by his betrothal with the Princess Dagmar of Denmark. 
In these circumstances the greatest solicitude was devoted 
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to tho education of Nicholas as cesarevitch, whereas 
Alexander received only the perfunctory and inadequate 
training of an ordinary grand duke of that i>eriod, which 
did not go much beyond primary and secondary instruc- 
tion, practical acquaintance with French, English, and 
German, and a certain amount of drill. When he became 
heir-apparent by the death of his elder brother in 18G5, 
he l>egaii to study the principles of law and administration 
under Professor Podfidonostsef, who did not succeed in 
awakening in his pui)il a love of abstract studies or j)ro- 
longed intellectual exertion, but who influenced tho 
character of his reign by instilling into his mind the belief 
that zeal for Eastern Orthodoxy tJiight, as an essential 
factor of liussiaii ]>atriotisni, to be specially cultivated by 
every right-minded Tsar. His elder brother when on his 
deathbed had expressed a wish that his affianced bride, 
IMncess Dagriiar of Denmark, should marry his successor, 
and this wish was realized on 9th Novemlxjr 1866. The 
union iirovod a most happy one and remained unclouded 
to the end. During those years when lie was heir- 
apparent — 1865 to 1881 — he did not j»lay a prominent 
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|)art in publu; affairs, but he allowed it to become known 
that he had certain ideas of liis own which did not 
coincide with the prin<*iples of the existing Government. 
He deprecated what he considered undue foreign influence 
in general, and German influence iii particular, and he 
longed to see the adoption of genuine national principles 
in all spheres of odic'ial activity, with a view to realizing 
his ideal of a homogeneous llussia — homogeneous in 
language, udininistratioii, and religion. With such ideas 
and as]»iratioiis he could hardly remain jiermanently in 
cordial agreement with liis fatlier, who, though a good 
jiatriot according to his lights, had strong German 
symjiathies, often used the German language in his private 
relations, occasionally ridiculed the exaggerations and 
eccentricities of the Slavophils, and based bis foreign 
policy on the Prussian alliance. The antagonism first 
ap|)earod publicly during the Kranco-Gorinan war, when 
the Tsar supiiorted the Cabinet of llerlin and the cesare- 
vitch did not conceal his sym})athie8 with the French. It 
reappeared in an intormitteiit fashion during the years 
1876-79, when the Eastern Question produced so much 
excitement in all ranks of Russian society. At first the 
cesarevitcli was more Slavophil than the Government, but 
his phlegmatic nature preserved him from many of the 


exaggerations indulged in' by others, and any of the 
prevalent popular illusions ho may have imbibed were soon 
dispelled by personal observation in Bulgaria, where he 
commanded the left wing of tho invading army. The 
Bulgarians had been represented in St Petersburg and 
Moscow not only as martyrs but also as saints, and a very 
little |iersonal ex^jerience sufficed to correct the error. Like 
most of his brother ofiGteers he could not feel any very 
great affection for the little brothers,’’ as the Bulgarians 
were then commonly called, and he was constrained to 
admit that the Turks were by no means so black as they 
had been painted. Ho did not, however, scandalize the 
believers by any public expression of his opinions, and did 
not indeed make himself conspicuous in any way during 
tho camiiaign. Never consulted on political questions, he 
confined himself to his military duties, and fulfilled them 
in a conscientious and unobtrusive manner. After many 
mistakes and disappointments, the anny reached Constan- 
tinople and the treaty of San Stefano was signed, but 
much that had liecn obtained by that important document 
had to be sacrificed at the Congress of Berlin. Prince 
Bismarck failed to do what was confidently expected of him. 
In return for the Russian support, which had enabled him 
to create tho German enqiire, it was thought that he 
would help Russia to solve tho Eastern Question in 
accordance with her own interests, but to the surjirise and 
indignation of the Cabinet of St Petersbui'g he confined 
himself to acting the part of “honest broker” at tho 
Congress, and shortly afterwards he ostentatiously con- 
tracted an alliance with Austria for the express purjiGse of 
counteracting Russian designs in Eastern Europe. The 
cesarevitch could point to these results as confirming the 
views he had cx])imscd during the Franco-German war, 
and he drew from them the ]>ractical conclusion that for 
Russia the best tiling to do was to recover as quickly as 
{Kissible from her temiioraiy exhaustion and to jirepare for 
future contingencies by a radical scheme of military and 
naval reorganization. In accordance with this conviction, 
ho suggested that certain reforms should bo introduced. 
During tho campaign in Bulgaria he had found by painful 
ex|)erience that grave disorders and gross corruption 
existed in the military administration, and after his retuni 
to St Petersburg he had discovered that similar abuses 
existed in the naval dejiartnieiit. For these abuses, several 
high-placed ^lersoiiagcs- -among others t\io of the grand 
dukes — wore believed to be resiionsible, and he called his 
father’s attention to the subject. His rejircseutations were 
not favourably received. Alexander II. had lost much of 
the reforming zeal Mhich distinguished tlie first decade of 
his reign, and had no longer the energy required to under- 
take the task suggested to him. The consequence was that 
the relations between father and son became more 
strained. The latter must have felt that there would be 
no important reforms until ho himself succeeded to the 
direction of affairs. That change was much nearer at hand 
than was commonly supposed. On 13th March 1881, 
Alexander II. was assassinated by a band of Nihilists, and 
tho autocratic ])ower passed to the hands of his son. 

In the last years of liis reign, Alexander II. had been 
much exercised by the sjireod of Nihilist doctrines, and the 
increasing numljer of anarchist eons]>iracies, and for some 
time he had hesitated between strengthening the hands of 
the executive and making concessions to the widespread 
political aspirations of the educated classes. Finally he 
decided in favour of the latter course, and on the very day 
of his death he signed an ukaz, creating a number of 
consultative commissions which might have been easily 
transformed into ai| assembly of notables. Alexander III. 
determined to adopt the opposite policy. He at once 
cancelled the ukaz before it was published, and in the 
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manifesto announcing his accession to the throne he let it 
be very clearly understood that he had no intention of 
limiting or we^ening the autocratic power which he had 
inherited from his ancestors. Nor did he afterwards show 
any inclination to change his mind. All the internal 
reforms which he initiated were intended to correct what 
he considered as the too liberal tendencies of the previous 
reign, so that he left behind him the reputation of a 
sovereign of the retrograde type. In his opinion Russia 
was to be saved from anarchical disorders and revolution 
ary agitation, not by the parliamentary institutions and 
so-called liberalism of Western Europe, but by the three 
principles which the elder generation of the Slavophils 
systematically recommended — nationality. Eastern Ortho- 
doxy, and autocracy. His political ideal was a nation con- 
taining only one nationality, one language, one religion, 
and one form of administration ; and he did his utmost to 
prepare for the realization of this ideal by imposing the 
Russian language and Russian schools on his German, 
Polish, and Finnish subjects, by fostering Eastern Ortho- 
doxy at the expense of other confessions, by persecuting the 
•lews, and by destroying the remnants of German, Polish, 
and Swedish institutions in the outlying provinces. In 
the other provinces he sought to counteract what he con- 
sidered the excessive liberalism of his father’s reign. For 
this purpose he clipped the feeble wings of the Zemstvo, 
an elective local administration resembling the county and 
parish councils in England, and placed the autonomous 
administration of the peasant communes under the sujier- 
vision of landed proprietors appointed by the Government. 
At the same time he sought to strengthen and centralize 
the imperial administration, and to bring it more under 
his personal control. In foreign affairs he was emphatic- 
ally a man of peace, but not at all a partisan of the 
doctrine of peace at any price, and he followed the 
principle that the best means of averting war is to be well 
2 )repared for it. Though indignant at the conduct of 
Prince Bismarck towards Russia, ho avoided an open 
nipture with Germany, and even revived for a time the 
Three Emperors’ Alliance. It was only in the last years 
of his reign, when M. KatkofF had acquired a certain 
influence over him, that he adopted towards the Cabinet 
of Berlin a more hostile attitude, and oven then ho confined 
himself to keeping a large quantity of trooi)s near the 
German frontier, and establishing cordial relations with 
France. With regard to Bulgaria he exercised similar 
self-control. The efforts of Prince Alexander and after- 
wards of M. Stamboloff to destroy Russian influence in the 
principality excited his indignation, but he persistently 
vetoed all proposals to intervene by force of arms. In 
Central Asian affairs he followed the traditional policy of 
gradually extending Russian domination without provoking 
a conflict with Great Britain, and he never allowed the belli- 
cose partisans of a forward policy to get out of hand. As a 
whole his reign cannot be regarded as one of the eventful 
periods of Russian history ; but it must be admitted that, 
under his hard, unsympathetic rule, the country made 
considerable progress. He died at Livadia on 1 st N ovember 
1894, and was succeeded by his eldest son, Nicholas II. 

(d. m. w.) 

Alexander of Battenberg (1857-1893), first 
Prince of Bulgaria, was the second son of Prince 
Alexander of Hesse and the Rhine by his morganatic 
marriage with Julia, Countess von Hauke. The title of 
Battenberg, derived from an ancient re.sidence of the 
grand - ducal family of Hesse, was conferred, with the 
prefix Durchlaucht or ** Sereno Highness,” on the countess 
and her descendants in 1858. Prince Alexander, who 
was bom 5th April 1857, was nephew of the Tsar Alex- 
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ander II., who had married a sister of Prince Alexander 
of Hesse ; his mother, a daughter of Count Moritz von 
Hauke, h^ been lady-in-waiting to the Tsaritsa. In his 
boyhood and early youth he was frequently at St Peters- 
burg, and he accomj)anied his uncle, who was much 
attached to him, during the Bulgarian campaign of 1877. 
When Bulgaria under the Berlin Treaty was constituted 
an autonomous principality under the suzerainty of Turkej^, 
the Tsar recommended his nephew to the Bulgarians as 
a candidate for the newly-created throne, and Prince 
Alexander was elected yjriiico of Bulgaria by unanimous 
vote of the Grand Sobranye, 29th April 1879. He was 
at that time serving as a lieutenant in the I^ussian life- 
guards at Potsdam. Before proceeding to Bulgaria, Prince 
Alexander paid visits to the Tsar at Livadia, to the courts 
of the Great Powers, and to the Sultan ; he was then con- 
veyed on a Russian warship to Varna, and after taking the 
oath to the new constitution at Timova (8th July 1879) he 
repaired to Sofia, being everywhere greeted with immense 
enthusiasm by the people. (For the political history of 
Prince Alexander’s reign, see Bulgaria.) Without any 
previous training in the art of government, the young 
prince from the outset found him.self confronted with 
difficulties which would have tried the sagacity of an 
experienced mler. On the one hand he was exposed to 
numberless humiliations on tLi‘ part of the representatives 
of official Russia, w'ho made it clear to him that he was 
expected to play the part of a roi , on the other 

he was compelled to make terms wdtli the Bulgarian poli- 
ticians, who, intoxicated with newly-won liberty, f)roseeutpd 
their quarrels with a cnicle violence which threatened to 
subvert his authority and to plunge the nation in anarchy. 
After attempting to govern under the.se conditions for 
nearly two years, the prince, with the consent of the Tsar 
Alexander III., assumed absolute jKiwer (9th May 1881), 
and a suspension of the ultra-democratic constitution for 
a period of seven years was voted by a specially convened 
assembly (13th July). The experiment, however, proved 
unsuccessful ; the Bulgarian Liberal and Radical politi- 
cians were infuriated, and the real power fell into the 
hands of two Russian genonris, Soboleff and Kaulbars, 
who had been specially despatched from St Petersburg. 
The prince, after vainly endeavouring to obtain the recall 
of the generals, restored the constitution with the concur- 
rence of all the Bulgarian political parties (18th September 
1883). A serious breach with Russia followed, which was 
widened by the part which the prince subsequently i)layed 
in encouraging the national aspirations of the Bulgarians. 
The revolution of Philippopolis (18th September 1885), 
which brought about the union of Eastern Bumelia with 
Bulgaria, was carried out with his consent, and he at once 
assumed the goveniment of the revolted province. In the 
anxious ye^r which followed, the prince gave evidence of 
considerable military and diplomatic ability. He rallied 
the Bulgarian army, now deprived of its Russian officers, 
to resist the Servian invasion, and after a brilliant victory 
at Slivnitza (19th November) pursued King Milan into 
Servian territory as far as Pirot, which he captured (27th 
November). Although Servia was protected from the 
cousccjuences of defeat by tlic intervention of Austria, 
Prince Alexander’s success sealed the union with Eastern 
Ruraelia, and after long negotiations he was nominated 
governor -general of that province for five years by the 
Sultan (5th April 1880). This arrangement, however, 
cost him much of his jiopularity in Bulgaria, while dis- 
content prevailed among a certain number of his officers, 
who considered themselves slighted in the distribution of 
rewards at the close of the camf)aign. A military con- 
spiracy was formed, and on the night of the 20th August 
the prince was seized in the palace at Sofa, and com- 
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l^elled to sign his abdication ; he was then htnried to the 
Danube at Kakhovo, transported on his yacht to Reni, 
and handed over to the Russian authorities, by whom he 
was allowed to proceed to Lemberg. He soon, however, 
returned to Bulgaria, owing to the success of the counter- 
revolution led by StambolofF, which overthrew the provi- 
sional government set up by the Russian party at Sophia. 
But his position had become untenable, partly owing to an 
ill-considered telegram which ho addressed to the Tsar on 
his return ; f»art]y in conseciucnce of the attitude of Prince 
Bismarck, who, in conjunction with the Russian and 
Austrian Governments, forbade him to punish the leaders 
of the military conspiracy. Ho therefore issued a mani- 
festo resigning the throne, and left Bulgaria on the 8th 
September 1886. Ho now retired into j private life. A 
few years later he married FrauUnn Loisinger, an actress, 
and assumed tho style of Count Hartenau (Cth February 
1889). The last years of his life were sj^ent principally 
at Gratz, where he held a local command in the Austrian 
army. Here, after a short illness, he died on the 23rd 
October 1893. His remains were brought to Sofia, 
whore they received a public funeral, and were eventually 
deposited in a mausoleum erected in his iiiomory. Prince 
Alexander possessed mucli charm and amiability of manner ; 
ho was tall, dignified, and strikingly handsome. His 
capabilities as a soldier have been generally recognized by 
comi)cto|Qt authorities. As a niler he committed some 
errors, but his youth and inexperience and the extreme 
difficulty of his position must be taken into consideration. 
He was not without a])titude for diplomacy, and his in- 
tuitive insight and perception of character sometimes 
enabled him to outwit tho crafty jioliticians by whom he 
was surrounded. His principal fault was a want of tenacity 
and resolution ; his ti*ndency to unguarded language un- 
doubtedly increased the number of his enemies. 

T)ie literature relating to JViuto Alexander's reign is still scanty. 
See Duanuau. Ze Prince Alexandre dc liattenberg en J3ulgar%e, 
Paris, 1884. - Koch. Filrst Alexander von Pulgarien, Darm- 
stadt, 1887. — Ma'J’VKYKV. Bulgarien nach dem Berliner Congress, 
Petersburg, 1887. — IbuTucHUdu. ‘‘Prince Alexander of Batten- 
berg,” in Fortiughthj BevteWf January 1894. . v 

( J . D. B. ) 

AlaXftnderi king of Servia (1876 ), was born 

14th August 1876. Ho succeeded to the crown on 6th 
March 1889, when his father, King Milan, abdicated and 
proclaimed him king of SiTvia under a regency until ho 
should attain liis majority at eighteen years of age. King 
Alexander on 13th April 1893, btung then in his seven- 
teenth year, made his notable couj) d'etat and took the 
royal authority iuto his own hands. After a banquet on 
that day he made a stirring ap{)eal to the array, pro- 
claimed his majority, and dismissed tho regents and their 
ministry. His action was popular, and was rendered 
fitill more so by his appointment of a Radical ministry. 
In May 1894 King Alexander, by another cemp d'etat^ 
abolished tho constitution of 1889 and restored that of 
1869, thus reinstating King Milan and Queen Natalie in 
their constitutional rights as members of the royal house 
of Obrenovitch. His attitude during the Turco-Greck 
war of 1897 was one of strict neutrality. In 1898 he 
appointed his father cornmaiider-in-chief of the Servian 
army, and from that time, or rather from his return to 
Servia in 1894 until 1900 ex-King Milan was regarded 
as the de facto ruler of the country. But on 21st July 
1900 King Alexander publicly betrothed himself to 
Madame Draga Maschin, a widow, formerly a lady-in- 
waiting to Queen Natalie. Tho projected union aroused 
great opposition at first, and ex-King Milan resigned his 
post, an example followed by all the government officials ; 
the marriage, however, was duly celebrated on 5th August, 
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and the king’s firmness in the matter greatly strengthened 
his position, which was made even more secure by the 
death of his father shortly afterwards. 

Alexander, William (1824 — — ), Protestant 
Archbishop of Armagh and Primate of all Ireland, was bom 
at Londonderry 13th April 1824, and educated at Tonbridge 
Grammar School and at Exeter and Brasenose colleges, Ox- 
ford. After holding several livings in the north of Ireland 
he was made bishop of Derry and Raphoe in 1867, and was 
elevated to the primacy in 1 896. An eloquent preacher and 
the author of numerous theological works, he is best known to 
literature as a master of dignified and animated verse. His 
Xioems were collected in 1887 under the title of St Augus- 
tine's Holiday^ and other Poems, His wife, who died in 
1895, was also known as a writer of graceful poetry, and par- 
ticularly for her hymn “There is a Green Hill far away.” 

Alexandra, Quean. See Edward yh. 

Alexandretta, or IskaxdertIn {Alexandria ad 
/8«um),'the principal port of the Aleppo viUyet, founded by 
Alexander in memory of tho battle of Issus. The town 
was formerly unhealthy, but since the drainage of the 
marshes and the provision of a better water - supply, its 
sanitary condition has greatly improved and trade is 
increasing. Population, 8000 (Moslems, 5500; Christians, 
2500). It is the seat of a British vice-consulate. See 
Aleppo. 

Alexandria, the chief seaport and, next to Cairo, 
the largest city in Egypt. It suffered severely during the 
revolt of Arabi Pasha in June and July 1882, when, both 
before and after the bomlmrdment of the forts by the 
British fleet, great disorders broke out in the town. On 
11th June over 400 Europeans were massacred by the 
fanatical Mahommedans, and on the night following tho 
bombardment (11th July) incendiary riots caused great 
loss of life and property, for which Egypt had eventually 
to raise £9,000,000 to meet the claims for compensation 
made chiefly by l!luroi)eans. Since then it has been 
visited by two epidemics of cholera (1883 and 1897). 
Nevertheless under the British occupation it has recovered 
its former commercial and industrial prosperity, as shown 
by tho rapid increase of the population, which rose from 

213.000 in 1882 to 320,000 in 1897, including over 

46.000 Eurojx:ans, chiefly Greeks and Italians, and about 
100 English families. Most of the foreign trade of Egypt 
passes through this seaport, the imports and exports of 
which advanced from £5,000,000 and £13,000,000 
resiHJctively in 1881 to £9,945,000 and £15,068,000 in 
1899. The vessels entered were 3305 of 1,192,000 tons 
in 1881, and 2805 of 2,414,674 tons in 1899; the clear- 
ances for the corresponding years being 3250 of 1,304,000 
tons and 2758 of 2,389,058 tons. In 1899 the British 
entries were 747 of 1,150,231 tons, and clearances 741 of 
1,139,698 tons. Alexandria was the first Egyptian town 
provided with a municipal council, on which tho govern- 
ment, the foreign merchants, and natives are represented* 
A great deal h^ been done to improve the town, which is 
provided with several new thoroughfares, electric light, 
and electric tramway^ while the suburb of Ramleh has 
been greatly enlarged, and is now occupied chiefly by 
English residents. A new quay and promenade, extensive 
wharves and graving docks are also being constructed, 
while a projected channel 30 feet deep and 300 wide will 
enable large vessels to enter the port at all times. 
Amongst phe scientific and literary establishments are the 
Egyptian institute, an athenaeum, with courses of lectures, 
a public library, and an archeological museum. In the 
last-mentioned, founded in 1893, are now safely housed 
the antiquities, especially Greek and Roman, which are 
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from time to time brought to light in the district. During 
the excavations near Pompey’s column in 1900 some 
monumental ruins were exposed, which have by some 
archsBologists been identified with the foundations of the 
great temple of Serapis. Alexandria is held by a British 
garrison of about 1000 men, including a battalion of 
infantry and artillery, under a British major-general. 

AlOXandrIjAy a town in Rumania, situated in a 
rich grain-producing country, near the Danulje, between 
Roshi-de-Vede and Zimnitza. It was founded by Pi-inco 
Alexander Couza. Population (1900), 13,G75. 

AlaxandriaLp a district town of Russia, government 
of Kherson, 93 miles S.W. of Poltava, on the Ingulets, 
with tanneries, tallow-houses, and soap and candle works. 
Population (1897), 14,002. 

AlOXandriCIf a manufacturing town of Dumbarton- 
shire, Scotland, situated on the right bank of the river 
Leven, opposite Bonliill, by rail 19 J miles W.N.W. of 
Glasgow. It contains the largest of the five Turkey red 
dyoing establishments recently amalgamated under one 
company. The public buildings include a public hall, the 
mechanics’ institute library, an institute for m’en, with library 
and recreation rooms, and a similar institution for women. 
Population in 1881, 6173; 1891, 7796; 1901, 8392. 
Alexandria is in the parish of Bon hill, with tlie town of 
which name it is connected by a bridge which replaced in 
1898 one bought three years earlier by the County Council 
from the Smollett family. Pojmlation of Bonhill to\rn in 
1901, 3922; of Bonhill parish, 14,581. 

AlAXamdria^ a city of Virginia, U.S.A., situated 
in 38“ 48' N. lat. and 77“ 02' W. long. Though within 
the limits of Alexandria county, it is indei^ndent of 
county government, is divided into four wards, and is 
entered by the Pennsylvania and the Southern railways, 
and by electric railway from Washington, wnth which 
it is also connected by ferry. The Civil War checked its 
growth, and the powerful rivalry of Washington, only 
seven miles distant, has held it almost at a standstill for 
a generation. The Chesapeake and Ohio Canal, which 
formerly extended to this place, now ends at Washington. 
The population in 1880 was 13,659, in 1890 it was 
14,339, and in 1900 it was 14,528. 

AlOXCindriai a city of Madison county, Indiana, 
U.S.A., a little north-east of the centre of the state, at the 
intersection of the Cleveland, Cincinnati, Chicago, and 
St Louis and the Lake Erie and Western railways. It 
has had a rapid growth, the population increasing from 
715 in 1890 to 7221 in 1900. 

AlAXAndrlOi a town of Louisiana, U.S.A., capital 
of Rapides Parish, on the south bank of the Red river, in 
the central part of the state, in a region devoted to the 
cultivation of sugar-cane and cotton. The population in 
1890 was 2861 ; in 1900 it was 5648. 

Al0Xftndropol| or Alexandrapol (Turkish 
OvleTi\ a Russian town, fortress, and fortified camp in 
Transcaucasia, government of Krivan, near the junction 
of the Arpachai with the Aras, 30 miles by rail E.N.E. 
of Kars. It has an extensive fortified military camp, and 
six spacious caravanserais, besides considerable silk trade. 
Population (1885), 22,670; (1897), 32,020. 

Al^XSindravskp the name of several towns in 
Russia: (1) New settlement of the government of Ar- 
changel, in the military harbour of Catherine (Ekater- 
ininsk), on the Norman coast, 5 miles from the mouth of 
Kola &by and 26 miles from Kola. It is a naval station. 
(2) District and town south of Ekaterinoslav, near the left 
bank of the Dnieper, below its rapids, and on the railway 


to Sebastopol. It has ^eat store-houses. Population 
(1897), 16,393. Opposite it is the island of Khortitsa, upon 
which was the renowned Sich (or Syech) ot the Zaporogue 
Cossacks. All its neighbourhood is strewn with kurfjam 
(tumuli). (3) Russian village and fort, on the coast of 
the maritime province in Gulf De Castries, opposite Sak 
halin island. It lias a gotxl harbour, hospital, and 
government store-houses, and trade with America. 

Alexandrovsk-Qrushavskaya, a ( ossack 

village of Russia, province of the Don, 5 miles N.W. of 
Novocherkosk, in the centre of the Grushevskiya anthra- 
cite mines. The stock of coal of the latter is estimated 
at 16,000,000 tons. About 645,000 tons are now ex- 
tracted every year by about 13,100 workmen. Popula- 
tion of the village, 16,250 in 1897. 

Alfortvill^ a town, arrondissement of Sceaux, 
department of Seine, 4 miles f!.S.E. of Paris, at the conflu- 
ence of the Seine and the Marne. India-rubber goods are 
manufactured, boat-building is carried on, and there are 
forges and rolling-mills. Population (1891 ), 7735 ; (1896), 
11,410, (comm.) 11,614. 

Alfred Ernest Albertp Duke of Edinbui:(;u, 
and Duke of Saxb-Cobur(; and Gotha, (1844-190<)), 
second son and fourth child of Queen Victoria, was born 
at Windsor Castle, 6th August 1814. In 1856 it was 
decided that the prince, in accordance with his own wishes, 
should enter the navy, and a separate establishment was 
accordingly assigned to him, with Sir .John Ccjwcll 
governor. He passed a most ci editable examination for 
midshipman in August 1858, and being ajipointed to 
the Euryalus^ at once began to work hard at the jiractical 
liart of his profession. In July i860, wiiile on this shiji, 
he paid an official visit to the (/a[)e, and made a very 
favourable impression both on the colonials and on the 
native chiefs. On the abdication of Otho, king of Greece, 
in 1862, Prince Alfred wrs chosem by the w'holo jieople to 
succeed him, but political conventions of long standing 
reiidored it impossible for the British Government to 
accede to their wishes. The prince therefore remained 
in the navy, and was promoted lieutenant 24th February 
1863, and captain 23rd Februar} 1866, being then 
appointed to the command of the Galatea. On attaining 
his majority in 1865, the prince was created duke of 
Edinburgh and earl of Ulster, wdth an annuity of iJ 15,000 
granted by Parliament. While still in command of the 
Galatea, the duke started from Plymouth, 24th January 
1867, for his voyage round the world. On 11th June 
1867 he left Gibraltar and reached the C.'a]>e on 24th 
July, and landed at Glenelg, South Australia, on Slst 
October. Being the first royal prince to visit Australia, 
the duke was received with the greatest enthusiasm. 
During his stay of nearly five inontlis he visited Ade- 
laide, Melbourne, Sydney, Brisbane, and Tasmania; and 
it was on his second visit to Sydney that, while at- 
tending a public picnic at Clonfert in aid of the 
Sailors’ Home, an Irishman named OTarrell shot him 
in the back with a revolver. The wound was fortunately 
not dangerous, and within a month the duke was able 
to resume command of his ship and return home. He 
reached Spithead on 2Gth June 1868, after an absence of 
seventeen months. The duke’s next voyage W'as to India, 
w’^here he arrived in December 1869. Both there and at 
Hong Kong, which he visited on the ww, he w^as the first 
British prince to sot foot in the country. The native 
rulers of India vied with one another in the magnificence 
of their entertainments during the duke’s stay of three 
months. On 23rd January 1871 the marriage of the 
duke to the Grand Duchess Marie Alexandrovna, only 
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daughter of Alexander II., emperor of Bussia, was cele- 
brated at St. Petersburg, and the bride and bridegroom 
made their public entry into London on 12th March. The 
duke still devoted himself to his profession, showing com- 
plete mastery of his duties and unusual skill in naval 
tactics. He was promoted rear-admiral, 30th December 
1878 ; vice-admiral, 10th November 1882 ; admiral, 18th 
October 1887 ; and received his l)aton as admiral of the 
Fleet, 3rd June 1893. He commanded the Channel Fleet, 
1883-84; the Mediterranean Fleet, 1886-89; and was 
commander-in-chief at Devonport, 1890-93. He always 
paid the greatest attention to his official duties, and was 
most efficient as an admiral. 

On the death of his uncle, Ernest TI., duke of Saxe- 
Coburg and Gotha, 22nd August 1893, the vacant duchy 
fell to the duke of Edinburgh, for the IMnce of Wales had 
renounced his right to the succession. At first regarded 
with some coldness as a “ foreigner,” he gradually gained 
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popularity, and by the time of his death, 30th July 1900, 
he had completely won the good opinion of his subjects. 
The duke was exceedingly fond of music, and an excellent 
violinist, and took a prominent part in establishing the 
Hoyal College of Music. He was also a keen collector of 
glass and ceramic ware, and his collection, valued at half 
a million of marks, was presented by his widow to the 
“Veste Coburg,” near Coburg. When he became duke 
of Saxe-Coburg he surrendered his English allowance of 
£15,000 a year, but the £10,000 gmnted in addition by 
Parliament on his marriage he retained in order to keep 
up Clarence House. The duke, had one son, who died un- 
married, 6th February 1899, and four daughters. The third 
daughter, Princess Alexandra Louisa Olga Victoria, married 
the hereditary IMnce Ernest of Hohenlohe-Langenburg, 
who became regent of the duchy of Coburg during the 
minority of the deceased duke’s nephew, the young duke of 
Albany, to whom the succession fell. (o. P. B.^ 
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T he I^atin word seems to have been the equivalent 
of the Engli.sh word “seaweed,” and probably stood for 
any or all of the species of ]>hints which form the “wrack ” 
of a seashore. When the word “ Alg.^” came to be employed 
in classification as the iijuiu* of a class, an arbitrary limita- 
tion had to be set to its signification, and this was not 
always in keejiing with its original meaning. The absence 
of difftTcntiation into root, stem, and leaf, which prevails 
among seaweeds, seems, for example, to have led Linnaeus 
to employ the term in the Gnmn Plantarum for a sub- 
class of Cryptoffmila, the in(*mbers of which presented 
til is character in a greater or less <legr(*e. Of the fifteen 
genera included by Tiinnams among Algm, not more than 
SIX, viz. ; — C/iura, Purus, Ulra, ami Conferm, and in part 
Tmniella and llyssiis, would to-day, in any sense in which 
the term is employed, be n'garded as Algie. The excluded 
genera are distributed among the Liverworts, 
^IVoa!’ I^ichens, and Fungi ; but notwithstanding the 
great advance in knowledge since the time of 
Linnx'us, the diffieulty of deciding what limits to assign to 
the group to be designated Ahpt still remains. It arises 
from the fact that Alga*, as generally understood, do not 
constitute a homogeneous grouj), suggt'sting a descent from 
u common stock. Airiong them there exist, as will be 
seen hereafter, many well-marked but isolated natural 
groups, and their inclusion in the larg(*r group is generally 
felt to be a matti'r of convenicuice rather tlian the expression 
of a belief in their elriso inter-relationship. Efforts are 
therefore continually lieiiig made by successive writers to 
exclude certain outlying sub-groups, and to reserve the term 
Alffif* for a central group reconstituteil on a more natural 
basis within narrower limits. 

It is perhaps desirable, in an article like this, to treat of 
Algae in the widest possible sense in which the term may 
be used, an indication being at the s»inie time given of the 
narrower senses in whicli it has betui proposed to employ it. 
Interpreted in this way, the plaee of Algae in the vegetable 
kingdom may be shown by means of a table ; — 


The Vegetable] 
Kingdom ^ 


Cryptogamki 


12 


Thallophyta < Fungi 
I \Algai 

Bryophyla 
XPtrridophyta 


PluineTogamia 

V (Angiosperms 


Algae in this wide sense may be briefiy described as the 
aggregate of those simpler forms of plant life usually 


devoid, like the rest of the TJuillophyta, of differentiatio^ 
into root, stem, and leaf ; but, unlike other TJuillophyta, 
possesst'd of a colouring matter, by means of which they 
are enabled, in the presence of sunlight, to make use of 
the carbonic acid gas of the atmosphere as a source of 
carbon. It is true that certain Bryophyta {MarcJuintiacecp, 
AnthjoceroU(F) possess a thalloid structure similar to that of 
TJuillophyta, and are at the same time possessed of the 
colouring matter of the Green Algae. Their life-cycle, 
however, the stmeture of the reproductive organs, and 
their whole organization proclaim them to be Bryophyta. 
(See MusciNEi®, ninth ed., and Bryophyta.) On the 
other hand certain undoubted animals (Stentor, Hydra, 
Bonellia) are provided with a green colouring matter by 
means of which they make use of atmospheric carbonic 
acid. A more important consideration is the occasional 
absence of this colour in species, or groujis of species, with, 
in other respects, Algal afiinities. Such aberrant forms are 
to be regarded in the same light as Cuscuta and Oroban- 
cJuicea, for example, among Phanerogams. As these 
non-green plants do not cease to bo classed with other 
Phanerogams, so must the forms in question be retained 
among Alga?. In all cases the loss of the colouring matter 
is associated with an incajmeity to take up carbon from so 
simple a compound as carl>onic acid. 

Further discussion of the general oliaracters of Algae 
will be deferred in order to take a brief survey of the sub- 
divisions of the group. For this purpose, there will be 
adojited the classification of Alga? into four sub-groups, 
founded on the nature of the colouring matters present in 
the plant : — 

1. CYANOPHYCEiE, or Blue-green Algae. 

2. Chlobophyceas, or Green Algae. 

3. PHiEOPHYCE-ffi, or Brown Algae. 

4. Rhodophycea!, or Bed Algie. 

The merits and demerits of this system will appear during 
the description of the characters of the members of the 
several subdivisions. 

1. Cyanophycejc.^ — This group derives its name from the 
circumstance that the cells contain in addition to the green 
colouring matter, chlorophyll, a blue-green colouring matter to 
which the term phycocyanin has been applied. To the eye, how- 
ever, members of this group present a greater variety of colour 


^ Includes (exclusive of Bacteriaceie) : — 

1. Caccogoneas — 2 families, 29 genera, 253 species. 

2. Uormogimetie — 6 families, 59 genera, 701 species. 

(Engler and PJUinm^amilim). 
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than those of any other^yellow, brown, olive, red, purple, violet 
- . ^ and variations of all these being known. They 
iindotthtedly represent the lowest grade of Algal life, 
and their distribution rivals that of the Green Algse. 
They occur in the sea, in fresh water, on moist earth, on damp 
rooks, and on the bark of trees. Certain species are regularly 
found in the intercelluLur spaces of higher plants; such are 
species of No$ioc in the thallus of Anthooero$t the leaves of AzoUa, 
and the roots of Gyoads. Many of them enter into the structure of 
the lioheu-thallus, as the so-called gonidia. It is remarkable that 
species belonging to the OadllatoriaeeoB are known to fiuurisli in 
hot springs, the teniporature of which rises as high as 85" C. 

The thallus may bo unicellular or multicellular. When uni- 
cellular, it may consist of isolated cells, but more commonly the 
cells are hold together in a common jelly {Chroococcaceat) derived 
from the outer layers of the cell- wall. The multicellular species 
consult of filaments, branched or unbranched, which arise by the 
repeated division of the colls in parallel planes, no formation of 
mucilage occurring in the dividing walls. Such filaments may 
not give rise to mucilage on the lateral surface cither, in which case 
they are said to be free ; when mncilage does occur on the lateral 
w'ail, it appears as the sheath surrounding either the single fila- 
ment, or a sheaf of filaments of common origin. The mucilage 
may also form an embedding substance similar to that of Qhroo- 
coccacev^ in which the filaments lie narallel or radiate from a com- 
mon centre {IhmUanaceat), The cells of the filament may bo all 
alike, and growth may occur equally in all parts {Oscillaloriacece ) ; 
or certain cells (hoterocysts) may become marked off by their larger 
size and the transparency of their contents ; in which case growth 
may still be distributed equally throughout iNostoc)^ or the filament 
may be attached where the heterocyat arises, and grow out at the 
opposite extremity into a fine liair {llivtUariaceos). An African form 
(Caniptothiix)f devoid of hoterocysts and hair-like at both extremi- 
ties, lias recently been dosoribed. Branching has been described 
as ** false *' and ** true." The former arises when a filament in a 
sheath, either in consequence of giowth in length beyond the 
ca;(NiGity of the sheath to accommodate it, or because of the decay 
of a coll, becomes interrupted by breaking, and the free ends slip 
past one another. “ True ” branching ansos only by the longitu- 
dinal division of a cell of a filament and the lateral outgrowth of 
one of the cells resulting from the division (Sirostphotiacea:), 

The nature of the contents of the colls of Cyanophyeem has 
given rise to considerable controversy. The cells are lor the most 
part exceedingly minute, and are not easy to free from their 
colouring matters, so that investigation has been attended vith 
great diliicnlty. Occupying as these Algae do perhaps the low'cst 
grade of plant life, it is a matter of interest to ascertain wdicthor 
a nucleus or chromatophore is differentiated in their cells, or 
vrhother the functions and properties of these bodies are diffused 
tlirough the whole protoplast. It is certain that the centre of the 
cell, which is usually non-vacuolatod, is occupied by protoplasm 
of different nroportios from the peripheral region ; and Fisclier has 
further estaolisliod the fact that the ]ieri}>horal mass, which is a 
hollow Bpliere in spherical cells, and either a hollow cylinder or 
barrel-shaped body in filamentous forms, must bo regarded as the 
single chromatophore of the Cyanophyceous cell. But whether 
the central mass is anything more than protoplasm laden with 
the products of assimilation still remains tincsertaiu. Among 
other contents of the cell, fatty substances and tannin are known. 
A curious adaptation seems to occur in certain floating fonns, 
in the presence of a gas-vacuole, w'hieh may be made to vary 
its volume with varying pressure. There is evidence that the 
dividing wall of filamentous forms is deeply pitted, as is found to 
be the case in Hod Algae. Reproduction is cnioily effected by the 
vegetative method. Asexual reproductive colls are not infrequent, 
but sexual reproduction even in its initial stages is unknown. 
Kor 'is motility by means of cilia knowm in the group. In the 
unicellular forms, cell-division involves luultiplication of the 
plant. In all the multicellular plants of this group which have 
been adequately investigated, vegetative multiplication by means 
of what are known as hoemogouia has been found to occur. These 
are short segments of filaments consisting of a few cells w'hich 
disengage themselves from the ambient j^llyi if it be present, in 
virtue of a ])ocuUar creeping movement which they passess at this 
stage. After a time they come to rest and give rise to new 
colonies. True reproduction of the asexual kind occurs, however, 
in the formation of sporangia, particiilariyintheCAa^/toisipAonacM;. 
Here the contents of certain cells break up endogenously into a 
great number of spores, which are distributed as a fine dust. 
Resting spores are also known. In these cases, certain cells of a 
colony of unicellular plants or of the filaments of multicellular 
plants enlarge greatly and thicken their wall. When unfavour- 
able external conditions supervene and the ordinary cells become 
atrophied, these cells persist and reproduce the mant with the 
return of more favourable conditions. The OBmlatoricuMB are 
capable of a peculiar oscillatory movement, which has earned for 
them their name, and which enables them to move through oon- 
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siderable distancoe. It is not clear how the movement is effected, 
though it has frequently been the subject of careful investigation. 

With the Cyanophyem must be included, as their uearear allies 
the Baateriaceoe. Notwithstanding tJie absence of rhlorophylb 
and the consequent parasitic or sapropliytic liahit, BneUrmev^ 
agree in so many morphological features with CyanophyGcm tliat 
the affinity can xiardly be doubled. 

They are, however, not further considered here, since they 
are separately dealt with iii tins work. (S»’e Bac;tkriolooy.) 

2. CuLonoPHYCKiB.^ — This group includes those Algrf* m winch 
tlie green colouring mallei, chlorophyll, is not accom pained by a 
second colouring matter, as it is in other groups. It consists of 
three subdivisions i—Conjuyatce^ Eueklorvphycua^ and Characea., 
Of these the first and last are relatively small and sharply-defined 
families, distinguished from the second family, which lornis the 
bulk of the group, by characters so diverse that their inclusion 
with them in one larger group can only be justified on the ground 
of convenience. JSuchlorophycctjn arc made up in their turn of 
throe series of families Cvnfervalei^ and Siphotytles. 
Chlorophyceas include both marine and freshwater plants. Gon- 
jugatot^ ProtoeoecaleB, and Characem are exclusively freshwater ; 
CoitfervaleB and Biplmuiles arc both freshwater and marine, but 
the latter group attains its greatest dovelojuiieiit in the sea. Some 
Chlorophycem are terrestnid m habit, usually growing on a damji 
substratum, however. Trenlepohha grows on rocks and can sur- 
vive considerable desiccation. Phycopcltis grows on the surlace of 
leaves, Phyllohium and Phyllosiphoti in their tissues. Gomontm 
is a shell-boring Alga, Derrnatojyh ytori grows on the carapace of 
the tortoise, and Trtchopfnlus in the hairs of tin* sloth. Certain 
Protoeoccales &ud Confervales exist as the gonidia.of the lichen 
thallus. 

The thallus is of more varied structure in this group than in 
any other. In the simplest case it may consist of a single cell, 
wdiich may remain free during the w hole or the greater part ol its 
existence, or be loosely aggregated together within a coiiimon 
mucilage, or be held together by the adhesion of the cell-walls 
at the surface of contact. These aggregations or culumes, as thej 
are termed, may assume the form of a ]>latp, a ring, a solid sphere, 
a hollow sphere, a perforate sphere, a closed net, or a simple or 
branched filament* It is not easy in all cases to draw a dis- 
tinction between a colony of plants and a multK^ollular in<li- 
viduah In a Folvox sphere, for example, there is a marked 
protoplasmic continuity between all the colls of the colony. TJie 
UlvacecPf the thallus of which consists of laiiunie one or more cells 
thick, or liollow tubes, probably represent a still more advanced 
stage in the jiassage of a colony into a multicellular nlant. Here 
there is some amount of localization of growth and distinction of 
X>arts. It is only in such cases as Folvox and Ulvaccm that there 
IS any pretension to the fonnation of a true parenchyma within 
the limits of the Chlorophyceae, In the whole series of the 
Confervales^ the thallus consists of filaments branched or un- 
branched, attached at one extremity, and growling almost wholly 
at the free end. The branches cud in fine hairs in Chaetophoraceiv, 
In ColeockaUaceee the branches are often welded into a plate, 
simulating a parenchyma. In all Conjugatvr and most Proto^ 
eoecaleSy and in the bulk of the Confervales^ the thallus consists 
of a cell or cells, the protoplast of which contains a single nucleus. 
In HydrodtclyacecSy CladophoraceoSy SplujeroplcacecTy and Goniontt- 
aceee this is no longer the case. Instead of a single relatively Jar^ 
nucleus, each cell is found to contain many small nuclei, and ir 
8}K>ken of as a eatiwcytc. This character becomes still more pro- 
nounced in the largo group of the Biphonales, Falontaceo! and 
Dasycladaeece are partially septate, hut elsewhere no cellulose jiarti- 
tions occur, and the tliallus is more or less the continuous tube from 
w liich the group is named. V et the Siphuiiaceous Alg« may assume 
great variety of form and reach a high degree! of dinorentia- 
tion. Protosiphon and Botrydium^ on the one hand, are minute 
vesicles attaclied to muddy surfaces by rhizoids ; CauUrpa, on 
the other, presents a remarkable instance of the way in which 
much the same external morphology as that of cormophytes lias 
been reached by a totally aiflerent internal structure. Many 
Siphonales are encrusted with lime like CoralUna among Bed Algai. 
Penicillns is brush-like, Hdhmeda and Cyniopolta are jointed, 
AeeMularia has much the same external fonu as an expanded 
CoprinuSf Neomeris simulates the feriilt shoot of Eqm9ctu7n with 
its densely-packed whorled branches, and in MicrodictyoUt 
AnadyomenCy Struvea, and Boodlea the branches, spreading in 
one plane, become bound together in a more or less close network. 

^ Chlorophycese include : — 

1. Confervoide® — 12 families, 77 genera, 1021 species. 

2. Siphone®— 9 families, 26 genera, 271 species. 

5. l*rotococcoide» — 2 families, 90 genera, 342 species. 

d. Conjugate— 2 families, 38 genera, 1296 species. 

(De Toni’s Sylloge Algarum,) 

6. Cliaraoee— 2 families, 6 genera, 181 species. 

(Engler and Prantl's PUiTizenfamUien). 

S. I. — 34 
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Chamum are separated from other ChloToph/yem by a long inter* 
val, and present the highest degree of differentiation of parts 
known among Green Algas. Attached to the bottom of pools by 
moans of rhizoids, the thallus of Charactm grows upwards by 
means of an apical cell, giving off whorled appendages at regular 
intervals. The appendages have a limited growth ; but in connexion 
with each whorl there arise, singly or in |>air8, branches which have 
the same unlimited growth as the main axis. There is thus a 
close approach to the external morphology of the higher })lants. 
The streaming of the protoplasm, known olsowhorc among Chloro^ 
phyceatt is a conspicuous feature of the cells of Characeon, 

The Chlorophyeeofi excel all other groups of Algse in the magni- 
tude and variety of form of the chlorophyll-bodies. In (Jlva and 
Mesocarpua the chromatophore is a single plate, which in the 
latter genus places its edge towards the incident light; in 
Spirogyra they are spiral bands etiibcddod in the primordial 
utricle ; in JSygnema they are a pair of stellate masses, the rays 
of which branch peripfierally ; in (JSdogomum they are longi- 
tudinally - disposed anastomosing bauds ; in Desmids plates 
with irregular margins ; in Cltidopkora polyhedral jilates ; in 
Faucfieria mimitb elliptical bodies occurring lu immense numbers. 
Embedded in the chromatophore, much in the same way as the 
nucleus is embedded in the cytoplasm, are the pyrcnoids. Un- 
known in Cyanophyeeai mid Pfueopkyceait krioi^ii only m Pangiacem 
and JS^einalionomotigli/iodophycea!^ they arc of frequent occurrence 
among ChlorophycevR, excepting C/iAmiccct. Sometimes several 
pyronoidsbocur in each chloroplast,as in Mesot arpus and Spirogyra; 
sometimes only an occasional cliloruplast contains pyrenoid at 
all, as in Cladophora. The pyrenoid scoins to ho of jirotoid nature 
and gelatinous consistency, and to arise as a now formation or by 
division of pre-existing pyrcnoids. VVlum caibon-assimilation is 
active, starch-granules crowd upon the surface of the jiyrenoid 
and completely obscure it from view. 

Special nrovisioii for vegetative multiplication is not common 
among Chiorophyceee. Valoiaa ami Caulerpn among Siphonatea 
detach portions of their tliullus, whudi arc capable oi iiidepeudcnt 
growth. In Cauhrpa no other means ol multiplication is as yet 
known. In Characetv no fewer than four methods of vegetative 
reproduction have been diJscnhed, and the facility with which 
buds and bramdies arc in these cases detached has been adduced 
as an evidence of afliiiity with Bryophyta^ which, as a class, arc 
distinguislied by tlicir ready resort to vegetative rejiroduction. 

With regard to true rc jirofiuctnm, winch is characteriziid by 
the formation of sjiccial cells, the group Buchlorophyccm is 
characitenzed by the ]»roductiun of /oospores ; that is to say, cells 
callable of motility through the agency of cilia. Such ciliary 
motion is known in the adult condition of the cells of Volvocaceoiy 
but uhcr«' this is not the ca&c the icproductivc cells are cndowcil 
with motility for a bncl period. The zoosjioro is usually a 
pyriform mass of naked protoplasm, the beaked cud of which 
where the cilia arise is devoid of colouring matter. A reddish- 
brown l) 0 <ly, know n as tlio cycsfiot, is usually situated near the 
limits of the hyaline ]iortion, and in the ]>roto]>laHm contractile 
vacuoles similar to those of lower animals have been occasionally 
detected. I’he movement of the zoosjioro is effected by the 
lashing of the cilia, and is in the direction of the beak, while the 
zoospore slowly rotates on its long aMs at the same time. 
Usually two cuia aio present ; in BotrydiunL and llydrmhetyon. 
only one is present ; in certain sjiecies of Cladophora four; in Daay- 
eladua a chaplet, and in UCdogomuoi a nng of many cilia. The so- 
called zoosjiore of yaucherui is a ccciiocy to covered over with paired 
cilia corresponding iii jiositioii to nuclei lying below. in all 
other cases, zoosjiores are uniiiuch'ato bodies. Zoospores arise in 
colls of ordinary size and form termed zoosporangia. In unicel- 
lular forms {Sphmrella) the tlialliis beconies transformed into a 
zoospcirangium at the reproductive stage. In the zoosporangia 
of Cadogotuuitiy TetrasporUy and Colcocluvtc, the contents become 
transformed into a single zoospore. In most cases repeated 
division seems to take place, and the final number is represented 
by some power of two. In cocnocytic forms the zoospores would 
seem to arise simultaneously, probably because many nuclei are 
already present. The escape of zoospores is effected by the 
degeneration of the sporangial wall {ChvrJophora)y or by means of 
a pore (Cladophora) y or a slit (Pcdiaatruin), or a circular fracture 
(USdogoniuvi), Zoospores are of two kin<ls : — (1) Those which come 
to rest and germinate to form a new plant ; these are asexual 
and are zoospores proper. (2) Those which are incapable of 

S orminatiou of themselves, but fuse with another cell, the pro- 
uct giving rise to a new* individual ; these are sexual and are 
zoogamotes. When tw'o similar zuogametes fuse, the process is 
ooi^ugation, anil the product a zygospore. Usually, however, 
only one of the fusing cells is a zoogainetc, the other gamete 
being a much larger resting cell. In such a case the zoogamete is 
male, is called an antherozoid or spermatozoid, and arises in an 
antheridium ; the larger j^amete is an oosphero and arises in an 
oogonium. The fusion is now known as fertilization, and the j 
product is an oospore. Reproduction by conjugation is idso 


known as isQgamy, by fertUization as oogamy. When zoospores 
come to rest, a new cell is formed ana germination ensues at 
once. When zygospores and oospores are produced a newoell- 
wall is also formed, but a long period of rest ensues. All in- 
vestigation goes to show that an essential part of sexual union is 
the fusion of the two nuclei concerned. It is interesting to know, 
on the authority of Oltmanns, that when the oosphero is forming 
in the oogonium of Vaucheria^ there is a retrocession of all the 
included nuclei but one. That the antherozoid of Vatuheria con- 
tains a single nucleus had been inferred before. 

From a comparison of those Euehlorophyceca which have been 
most closely investigated, it appears probable that sexual repro- 
ductive cells have in the course of evolution arisen as the result of 
specialization among asexual reproductive cells, and that in turn 
oogamous reproduction has arisen as the result of differentia- 
tion of the iw'o cox^ugating cells into the smaller male gamete 
and the larger female gamete. It would further appear that 
oogamous reproduction has arisen independently in each of the 
throe main groups of EuchlorophyceoRy viz. , JhrotocoGcaUa^ Siphm^ 
aleay and ConfervaUa, Thus among VolvocaceoSy a family of Proto- 
coecaUay while in some of the genera (Chloraatary Splwindylomrrvm^y 
no sexual union has as yet been observed, in others (Pa-ndorinay 
Chlorogomumy Stepftanoaphocray Splmrella,) coigugation of similar 
gametes takes place, in others still (Phacotuay Eudorinay Polvox) 
the union is of the nature of fertilization. No other family of 
Protocoecalea has advanced beyond the stage of isogamous repro- 
duction. Again, among Stphoimles only one family {yaucheriacece) 
has reached the stage of oogamy, although an incipient heterogamy 
is said to occjur in two other families (Codiaceocy Bryopaidacem), 
Elsewhere among SiphonaleSy in those cases where rejiroductive 
cells are known, the reproduction is cither isogamous or asexual. 
Among Confervalea there is no family in wrhich sexual reproduc- 
tion — isogaiiiy or oogamy — is not known to occur among sumo of 
the component species, and as many as four families (Cylitidro- 
capaacetey Sphmrojtlcaeeoiy (Edogoniaccfpy ColeuRhoitaAiecc) are oogani- 
ous. On these, as well as other grouniis, Confervalea are regarded 
as having attained to the highest rank among Euchlorophycece, 
Although the phenomena attending isogamoiis and oogamous 
reproduction respectively are essentially the same in all cases, 
slight variations in both instances appear in different families, 
attributable doubtless to the indepenaent origin of the process in 
different groups. Thus, although isogamy consists in typical cases 
of a union of naked motile gametes by a fusion which begins at tho 
beaked ends, and results in the formation of an immotile spherical 
zygote surrounded by a cnll-wull, m Eeptoatra it is noticcablo 
that the fusion begins at the blunt end ; in a species of Chlamydo- 
monaa the two gametes arc each inc'luded in a lioll-wall before 
fusion ; and in many eases tho zygote retains for some time 
its motility with the double number ot cilia. Again, in oogamous 
reproduction, while in general only one oosplicre is differentiated 
in the oogonium, in Spkmroplea sevfU'al oospheros arise in each 
oogonium ; and while the oos]il)eres usually contract aw*ay from 
the oogonial wall, acquiring for themselves a new cell-wall after 
fertilization, in Coleochorie the oosphero remains throughout in 
cuntaet w’iih tho oogonial wall. The oosphere is in all cases 
fertilized while still within tho oogonium, tho anthcrozoids being 
admitted by means of a pore. There is usually distinguishable 
upon tho surface of the oosphere an area free from chlorophyll, 
known as the receptive sjiot, at winch tho fusion with the 
antherozoid takes place ; and in many eases, before fertilization, 
a small mucilaginous mass has been observed to separate itself off 
from the oosj^ero at this point and to oseape through tho 
pore. In CoUochostc the oogonial wall is drawn out into a 
considerable tube, whieh is provided with an apical pore, 
and this tube has a somewhat similar appearance to the imper- 
forate trichogyne of Florideca to be hereafter described. In 
certain sjiecieB of (Edogonium minute male plantlets, kn(^wn aa 
dwarf males, become attached to the female plant in the neigh- 
bourhood of the oogouia, thus facilitating fertilization. Indeed 
the genus QSdogonium exhibits a high degree of specialization in 
its reproductive system, considering that its tnallus has not 
advanced beyond the stage of an un branched filament. 

Many Euehlorophyceoe are endowed with both asexual and 
sexual reproduction. Such are CuleochcelCy (Edogoniuniy Oylin- 
drocapatty UlothriXy Vaucheriay Volvox^ Ac. In others only the 
asexual methorl is yet known. When a species resorts to 
both methods, it is generally found that tho asexual method 
prevails in the early part of the vegetative period, and the 
sexual towards the close of that period. This is in conson- 
ance with the facts already mentioned that zoospores germin- 
ate forthwith, and that the sexually - riroduced cell or zygote 
enters upon a period of rest. It is known that zoogamefces, 
which usually coi^ugato, may, when conjugation fails, mr- 
minate directly (Spluerella), In rare cases the cohere has 
been known to germinate writhout fertilization (CSSiogowiumf 
Cylindrocapaa), The germination of a zygospore or oospore is 
effected by the rapture of an outer cuticularized exosporium ; then 



A L G ^ 


267 


the oell may protrode an inner wall, the endeeporinm, and grow 
mt into the new plant (Ftntehtria), or the oontente nay break 
up into a first brood of looeporee. It ie hold that in Coleochat§ 
« parenohrna results firom the division of the oospore, from each 
cell of which a soospore arises. 

Beproduotion is also etfeoted among JEfuehlorophyeeat by means 
of aplanospores and akinotes. A^anospores would seem to 
represent soospores arrested in their development; without 
reaching the stage of motility, they germinate within the spor- 
angium. Akinetes are ordinal^ thallus cells, which on account 
of their acquisition of a thick wall are capable of surviving un- 
favourable conditions. Both aplanospores and akiiietes may 
l^erminate with or without the formation of zoospores at the initial 
stage. 


Amon^ CimjugateB reproduction is effected solely by means of 
oonjugation of what are literally aplauo8{)ores. Among those 
Desmidiaeece, which live a free lim, two plants become surrounded 
by a common mucilage, in which they lie either parallel ((7/us- 
ierium) or crosswise {Cosmarvum), Gaps then ap 2 >ear in the 
apposed surfaces, usually at the istbmus ; the entire protoplasts 
•eitner pass out to molt into one another clear of the old walls, or 
partly pass out and fuse without complete dotaehmont from the old 
walls. Among colonial J)e 8 tmdiac$ 06 ^ the break-up of the filament 
is a preliminary to this conjugation ; otherwise the process is the 
same. The zygospore becomes surrounded with its own wall, 
consisting finally of three layers, the outer of which is furnished 
with spicular prominences of various forms. In Zyynemiicem there 
is no aissolution of the filaments, but the whole contents of ono 
cell pass over by means of a conjugation- tube into the cavity of a 
coll of a neighbouring filament, where the zygospore is formed by 
the fusion of the two protoplasts. In those cases the activity of 
one of the gametes, and the passivity of the other, is regarded 
as evidence of incipient sex. In Si/rogoniu7n there is cell- 
division in the parent-cell prior to coiyugation ; and as two 
segments are cut off in the case of the active gamete, and only 
ono ill the case of the passive gamete, there is a corresponding 
difference of size, marking another step in the sexual differentia- 
tion. In ZygogoniuMf although no cell-division takes place, the 
l^anietes consist of a portion only of the contents of a cell, and this 
IS regularly the case in Mesocarpaaas^ which occupy the highest 
grade among Cmjugatai, Some ZygncAtmctm ana JMesocarpacecB 
form cither a short conjugating tube, or none at all, but the fila- 
ments approach each other by a knoe-like bond, and the zygospore 
is formed at the point of contact, often being partial ly contained 
within tho walb of the pareut-coll. It would seem that in some 
cases tho nuclei of tho gametes remain distinct in the zygusfiore 
for a considerable time after con]Ugation. It is probable that in 
all cases nuclear fusion takes place sooner or later. In Zyg- 
nemaceos and Meaccarpoeecu the zygospore, after a |K*riod of rest, 
germinates, to form a new filamentous colony ; in Dcsmuiuicem its 
contents divide on germination, and thus give rise to two or more 
Desmids. Gametes which fail to conjugate bometiines absitmo 
the appearance of zygospores and germinate in due course. They 
are known as azygosjtoros. 

Tho repruducliou of CharaceoB is characterized by a pronounced 
oogamy, the reproductive organs being tho most highly differ- 
entiated among Chlorophycea:. The antheridia and oogonia are 
formed at the nodes of the appendages. The oogonium, seated on 
a stalk coll, is surrounded by an investment (‘onsisting of five 
spirally-wound cells, from the projecting ends of which segments 
are cut off, constituting tho so-called stigma. The oosphorc is 
not differentiated within tho wall of the oogonium^ but certain 
colls known as toendungszellen, tho sigiiiliuaiico of which has given 
rise to much speculation, are cut off from the basal portion of the 
paront-cell during its development. Tho antheridia are s])horical, 
orange-coloured bodies of very complex structure. The anthero- 
zoid is a spirally-coiled thread of protoplasm, furnished at one 
•end with a jMiir of cilia. It much more resembles the antherozoids 
of Bryophyta and certain Pleridophyta than any known among 
other Algie. The fertilized egg charged with food reserves rests for 
a considerable period, surrounded by its cortex, the whole having 
assumed a re4dish-brown colour. On germination it gives rise to 
a row of oells in which short (nodal) and long (intcrnodal) cells 
alternate. From the first node arise rhizoids ; from the second a 
lateral bud, which becomes the new plant. This peculiar product 
of germination, which intervenes between the oospore and the 
adult form, is tho proembryo. It will bo remembered that in 
Mmei the asexual spore somewhat similarly gives rise to a 
motonema, from which the adult plant is produced as a lateral 
hud. The proembi^onio branches of CharacecR, ono of the means 
of vegetative reproduction already referred to, arc so called because 
thev repeat the characters of the proombryo. 

Before leaving the ChlorgphyeeoB, it should be mentioned that 
the genus Folvox has been included by some zoologists (Biltschli, 
w example) among FlagellaUi ; on the other hand, oertain green 
PtqgelkU^ such as JEugUna, are included by some botanists (for 
example, van Tieghem) among unicellular plants. A similar 


uncertainty exists with reference to certain groups of PhcecphycecB^ 
and the matter will thus anso again. 

8. PHJGOPttYCKJB.^— The P/uBophyeecB are distinguished by the 
possession of a brown colouring matter, phycophseiu, in addi- 
tion to obloroxdiyll. They consist of the following groups:-- 
Fucaeem, PhatoaporaoBf DictyotaeeaSf Cryptovwwidacca', PeniUnacecr, 
and Diatomaem, Of these the first three include multicellular 
plants, some of them of great size ; tho last three are uni. 
cellular organisms, with little in common with the rest except- 
ing the possession of a brown colr>uring matter. Fneaetiz and 
PKtzoaportm are doubtless closely allied, and to these Ihvtyoletcew 
may be joined, though tho relationship is less close. They consti- 
tute the Zuphizophyeea:, and will be dealt with in tho first place. 

Kuphfosophyeate are almost exclusively luarino, growing on rocks 
and stones on the coast, or epiphytic upon other Algai. In tidal 
seas they range from the limits ol high water to some distance 
beyond the K>w-water line. On the British coasts zones are 
observable in passing from high- to low-water mark, characterized 
by the prevalence of different species, tlius i—Pelvetia canalicu- 
lata^ FueuB pkUyearpuB, Fucub vraiculosus, Ascopkyllum nodosuntf 
Fttzus serratuSt Laminana digitata. Some species are minute 
filamentous plants, requiring tho microscone for their detection ; 
others, like Zeaaoniaf are of considerable bulk ; or, like Macro- 
cyatiSt of enormous length. In FucacMe, JJtctyotaeetZf and Lami- 
nariaceas and Sphaeelanaceorf among Phaosporcap, tlie thallus 
consists of a true parenchyma ; elsewhere it consists of free 
filaments, or filaments so compacted together, as in CiUlertaceoR 
and Dumareatxaceas^ as to form a false paienchyma. In Fucacem 
and /•axninariaeeas the inner tissue is dithTentiatod into a con- 
ducting system. In LamCnanacem the intlalion of the ends of 
conducting oells gives rise to tho so-called trumpet* liyphte. In 
Nereocyatia and Maztoeyalia a zone of tubes occurs, which present 
the appearance of sieve-tubes even to tho eventual obliteration of 
the perforations by a callus. While there is a general tendency 
in tiie group to mucilaginous degeneration of the cell-wall, in 
Laminaria digitata there an* also glands sccrotiiig a plentiful 
mucilage. Secondary growth in tluckncss is ellectcd by the 
tangential division of superficial cells. Tho most fundamental 
external difiercntiatioii is into holdfast and shoot. In Lami- 
nartacem secondary cylindrical props aiiso oblmucly from tho base 
of the thallus. In epiphytic forms the rhizoids of the epiphyte 
often ponotrale into tne tissue of tho host, and certain epiphyt(*s 
are not known to occitr excepting in connexion with a certain 
host ; but to what extent, it anjr, theie is a j)artial parasitism in 
tiiese cases has not been ascertained. In filamentous forms there 
18 a difiercntiatioii into branches of limitc<i and brant'lies of un- 
limited grow'th (BpAacelaria). In Lamiiuitiawtr there is a dis- 
tiiiction of stipe and blade. The bladt* is centrally -libbed iii 
Alana and laterally -ribbed in Macrocystia, It is among tho 
BargasaacMi that the greatest amount of external dificrcntiatiun, 
rivalling that of the higher leafy plants, is reached. A charac- 
teristic feature of the more massive species i.s the oct'tirrcnce of 
air-vesiclos in their tissues. In Fucaa veaiculosua they arise in 
lateral pairs ; in Aacophylltim they arc single and median ; m 
Macrocystia one vesicle anses at the base of each thallus segment ; 
in Bargaasum and Halidrya the vesicles arise on sj)ccial branches. 
They serve to buoy uj) the plant when attached to the sea-bottom, 
and thus light is admitted into the forest-like growths of the gre- 
garious species. When such plants are detached they are enabled 
to float for great distances, and the great Sargasso Sea of the North 
Atlantic Ocean is probably onlj renew lmI by tlic constant addition 
of plants detached from the shores of the Caribbean Sea and Gulf 
of Mexico. 

Growth in length is effected in a variety of \yays. In Dictyoia^ 
Sphaeslariw^at^ and Fiicacac there is a definite apical cell. In 
the first it is a biconvex lens, from w Inch segments are continually 
cut off parallel to the posterior surface ; and in the second an 
elongated d<^iue, from which segments are cuit oil by a transverse 
wall. While, however, in IHHyota the product of tlie subsequent 
division in the .segment enlarges with each subdivi.siou, the divi- 
sions in the cylindrical segment of' Sphacehtriaceit aie such that 
the whole product after subdivision, however many cells it may 
consist of, does not exceed in bulk the segment as cut oil from 
tho a]>ical cell. In Ihctyotaeccc the apical cell occasionall y di\ ides 


^ Phspophycen* include : — 

1. Cuchtaftorince {Fucacea) — 4 families, 32 genera, 347 species. 

2. Tetraainmna iJhcfytytacca')--! fiiniity, 17 piera, 130 species. 

3. PhaozooVjfOrinaiB {PJuwaporeee) — 24 families, 143 genera, o71 


( r)e Tours Syllogc A Igarunu ) 

4. Peridiniale^—Z families, 32 genera, 167 species. 

5. CryptomonadacecB (mcliidiiig Chrysonwniu{Meus)--2, families. 28 

nerOt 50*60 species. , 

6 . BacUlarialea (Z>ui/oiiM*«w?)---about 150 genera, and 6000 species. 

isil and recent. (Bngler and Prautl's PFanzef{familten.) 
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longitudinally, and thus the dichotomous branching is povided 
for. In some Sphotdoriwm branches may appear at their incep- 
tion as lateral protuberanccH of the apical cell itself. In FucoAtoE, 
an apioal cell is situate at the surface of the thallus in a sht-hke 
depression at the apex. From this cell segments are cut oif in 
three or four lateral oblique plan ts. 

A peculiar manner of grov^ th in length is that to which the 
term trichothaliic has boeu applied. It may readily he observed 
that in the hair-like branuhes oH JSdocarpauiK^ tlie point at which 
most rapid division occurs is situate near the base of the hair. 
In DEsmtirestia and Arthrocladia^ for example, it is found that 
the thallus ends in a tuft of such hairs, each of them growing by 
means of an intercalated growdn'.^ [loiut. In those cases, however, 
the portions of the hairs bclilnd the urowiug region become 
agglutinated together into a solid cylindrical pseudo-parenchy- 
matous axis. In Guile Ha the laminated thallus is formed in ifio 
same way. The intercalated growing region of Larmnaria ailbrds 
an example of another variety of growtii in Fhoeopliyceae. While 
the laminated portion of the thallus is being gradually worn oil* 
in our latitudes during the autumnal sturniH, a vigorous new 
growth appears at the junction of the stipe and the blade, as the 
result of which a now piece is added to the stipe and the lamina 
entirely renovated. 

Both asexual and sexual reproduction occur among Eupliceo- 
phyce'f. Fueacem are marked by au entire absence of the asexual 
method. The sexual organs — uogonia and autlieridia — are borne 
on STtecial portions of the thallus in cavities known as conceptaulos. 
Both organs may occur in one oonccptacle, as in VelmUa^ or each 
ina^ be coufined to one oonceptaclo or ovcii one plant, as in Futm 
vestculoam. The oogouia ari.se on a stalk cell from the lining 
layer of the cavity, the contents dividing to form eight 
oosphores as in Focus, four as iu Aseophylluni, two as in Fel^ 
vetia, or one only as in Hulidrya. It would seem that eight 
nuclei primarily arise m all Fucareie, and that u number cor- 
responding to the number of or>s])hcrcs sub.sequcntly formed is 
reserved, the rest being <li.schtirgod to the periphery, where they 
may be detected at a late stage. On the maturation of the 
oospheres the outer layer of the oogonial wall ru]iturcs, and the 
oosphores, still surrounded by a miocile and inner layer, pass out 
through the mouth oi the conceiitaolo. Then usually these 
layers successively give w^ay, and the spherical naked oosphores 
float free iu the w'at(*r. The aiithoridia, wdiich arise in tlie con- 
ceptaoular cavity as sjiocial cells of branched iiUmonts, are 
similarlv discharged wliulo, the autherossoids only escaping when 
the antnendia are clear of the concoptaclo. The anthorozoids aro 
attracted to the oospheres, round each of which thev swarm in 
^reat numbers. Suddenly the attraction ceases, and the oosphero 
IS fertilized, probalily at that moment, by the entry of a single 
antherozoid into the substance of the oospliere ; a cell -wall is 
formed thereupon, iii some cases in so short an interval as five 
minutes. Rtjmarkablu chatigos of size and outllno of the oosphero 
have recently bcoii described as accompanying fertilization in Hali- 
drys. Probably the act of fertilization in plants has nowhere been 
olisorved in such detail as iu Fucacea:, thctyoiaccm resemble Fu- 
eaceas in their pronounced oogamy. They differ, however, iu being 
also asoxually reproduced. The asexual cells are immotile spores 
arising in fours in sporangia from superficial cells of the thallus. 
In Dictyotu the oosphores arise singly in uogonia, crowded together 
in sori on the surface of the leinale plant. The antheridia have 
a similar origin and grouping on the male plant. Until the recent 
discovery by Williams or motility, by means of a single cilium, 
of the antherozoids of IHctyola and Taoma, they were believed 
to be immotile bodies, like the male cells of red seaweeds. In 
Dictyota the unfertilized oosphero is found to bo capable of under- 
going a limited number of divisions, but the body thus forme! 
rs to atrophy sooner or later. 

the small family of the Tilopteridacecc our knowledge is as 
yet inadequate, but they probably present the only case of pro 
nounoed oogamy among Fkteosporem, They are filamentous forms, 
exhibiting, however, a tendency to division in more than one 
plane, even in the vegetative iiarts. The di.scovery by Brebner 
of the specific identity of Haplospora globosa and Scaphoapora 
^pecioaa marks an important stop iu the advance of our knowledge 
of the group. Throe kinds of reproductive organs are known : 
first, sporangia, which each give rise to a single tetra-, or multi- 
nucleate non-motlle, probably asexual spore ; second, plurilooular 
sporangia, which are probably antheridia, generating antherozoids ; 
and third, sporangia, which are probably oogonia, giving rise to 
single uninucleate non-mo tile oosjiheres. No process of fertiliza- 
tion has as yet been ob.servod. 

The CutUriaem exhibit a hetorogamy in which the female 
sexual cell is not highly Bpooialized, as it is iu the groups already 
described. From each looule of a plurilooular sporangium there 
is set free au oosphero, which, being furnished with a pair of 
dilia, swarms for a time. In similar organs on separate plants 
the much smaller antherozoids arise. Fertilization has been 
observed at Naples ; but it apparently depends on climatic con- 
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ditions, as at Plymouth the oosphores have been observed to ger- 
minate parthenogenetieally. The asexual organs in the ease of 
Cutleria muUifida arise on a orustaoeous form, Aglaozonia repUma^ 
fonnerly oonsidered to be a distinct species. They are unilocular, 
each producing a small number of zoospores. 

The possession of two kinds of reproductive organs, unilocular 
and plurilooular sjiorangia, is general among the rest of the 
Fhcaoaporem. Bornet, however, called attention in 1871 to the 
fact that two kinds of plurilooular sporangia occurred in certain 
species of the genus somewhat transparent organs of 

au orange tint producing small zoospores, and also more opaque 
organs of a dai^er colour producing relatively lamer zoospores. 
On the discovery of another such species by Buniiam, Batters 
in 1892 separated the three species, Eetocarpua atcundua, £, 
feneairatus, F. Lehehi, together with the now ^cics, into a 
genus, Giffordia, characterized by the possession of two kinds of 
plurilooular sporangia. The suspicion that a distinction of sex 
accompanied this ditforonoe of structure has boon justified by the 
discovery by Sauvageau of undoubted fertilization in Gijordia 
seewnda and O, feneatrata. The coxyugation of similar gametes, 
arising from distinct plurilooular sporangia, was observed by 
Bcrtliold in Eetocarpua ailieuloaua and Scytoaiphon loiuentarvuw 
in 1880 ; and these observations have been recently confirmed in 
the case of the former species by Sauvageau, and in the case of 
the latter by Kuckuck. In these cases, however, the potential 
gametes may, failing conjugation, germinate directly, like the 
zoo8|K)res derived from unilocular sporangia. The assertion of 
Areschoug that coiyagatioii occurs among zoospores derived from 
unilocular sporangia, in the case of V't^etyoaiphon hippuroidca, 
is no doubt to bo ascribed to error of observation. It would thus 
seem that the explanation of the existence of two kinds of 
sporangia, unilocular and plurilocular, among PhoRoaporem. lies iu 
the fact that unilocular sporangia are for asexual reproduction, 
and that plurilocular sporangia are gamctaiigia— potential or real. 
It must, however, bo remembered that so important a generaliza- 
tion is as yet sux>ported upon a somewhat narrow base of observa- 
lion. Moreover, for the important family of the Laminariaceoa 
only unilocular sporangia are known to occur ; and for many 
species of other mmilies, only one or other kind, and in some 
cases neither kind, has hitherto been observed. The four species — 
Eetocarpua ailieuloaua, Gifftrrdia secuuda, Cutkrxa multijlda, and 
Haplospora globosa — may be taken to rcx^rebcnl, within the Phceo- 
sporem, Buocebsivo Btex>s in the advance from isoganiy to oogamy. 

The PeridtmacecB have been included among Flagcllata under 
the title of JHiwflagellaiai Tlie majority of the ^ecies belong 
to the sea, but many are found iu freshwater. 'llie thallus is 
somewhat spherical and unicellular, exhibiting a distiuctiou 
between anterior and };ost6rior extremities, and dorsal and ventral 
surfaces. The wall consists of a liasis of cellulose, and in some 
cases readily breaks uj) into a definite number of plates, fitting 
into another like the xdates of the cara)>aco of a tortoise ; it is, 
moreover, often finely sculjiturcd or coarsely ridged and flanged. 
Two grooves aro a constant feature of tho family, one running 
transversely and another longitudinally. In these grooves lio 
two cilia, attached at the })oint of meeting on tho dorsal surface. 
The jirotoplast is uninucleate and vacuolate, and contains 
chromatophoros of a brownish colour. It is not clear that the 
brown colouring matter which is added to chlorophyll is identical 
with phycoxiheein ; two varieties of it have been termed phyco- 
pyrrin and peridinine. Certain species, siu:h as Oymnoaimum 
apiraU, are colourless and therefore sanrophytic in their method 
of nutrition. Multiplication takes place in some cases by the 
endogenous formation of zoospores, the organism liaving come 
to rest ; in others by longitudinal division, when the organism is 
still motile. No method of sexual rox>roduction is known with 
certain^. 

Tho dryptovvonadaeem also are unicellular, and live free or in 
colonies. Each cell contains a flattened chromatophore of a 
brown or yellow colour. Hydrurua forms a branched gelatinous 
colony att^hed to stones in mountain streams. Chromophyton, 
form an eight -celled colony. Both ])lants multiply solely by 
means of zoospores. The Cryptomonadeoa and Chromulinam are 
motile through the (p;eater part of thoir life. Cryptomonaa, when 
dividing in a mucilage after encystmeut, recalls tho condition 
in Glococyatia, In Synura and Chromulina the cells form a 
spherical motile colony, recalling Volvocemce, Chromulina 
is uniciliate and is contained in a hyaline capsule. Like the 
Peridiniacm, the Cryptonumadaeem have been included among 
Flagcllata, They have no close affinity with Euphmophyum. 
Such' colonial forms as Hydrurua and Phoaoeyatia are supposed, 
however, to indicate a stage in the passage to the multioellular 
oonditiop. 

JHaiomaeaea have long been recognized as plants. Together 
with Peridiniaeaac they constitute tlie bulk of marine plankton, 
and thus pUy an important part in the support of marine animal 
life. They exhibit striking adaptations in these oiroomstanoea 
to the floating habit. (SeeUiATOMACEJs, ninth ed.) 
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4, — Bhooophyobji^ or Flobidea^TIm members of this group persistent besal cell that the branches of unlinutecl growtli arise, 
are oharaoterized hj the possession of a red oolouviug-matter, Upon them also the reproductive organs arise in this family. It 
phyooerythrini in addition to chlorophyll. There is, however, a is not surprising, therefore, that they have been regarded as the 
considerable amount of difference in the shades of red which mark rudiments of leaves. In Irwlasa the thallus is an entire lamina • 
different species. The brightest belongs to those species which in CMophyllia a lobed lamina ; in Deleaaena it is provided v ith 
sprow near low-water mark, or under the shade of larger Aim at midrib and veins, simulating the appearance of a leaf of the 
higher levels; species which grow near high -water mark are higher plants ; in the axis remains cvlindricah and 

usually of so dark a hue that thev are easily mistaken for brown the lateral branches assume the form of leaves. In the com pact 
seaweeds. JRtwdophycem are mostly marine, but not exclusively thalli a secondary development often takes place by the growth 
so. T/torea, Le^nanea, Tuoineya^ Sttnocladia^ Batrojchoiptrmvm. of rhizoid-like internal filaments. They present a hypha-like 
Balhimia^ are genera belonging entirely to fresh water; and appearance, running longitudinally for coiihidcrable aistariccH 
Bangia^ ChaiUransia^ CalogloBta^ BoitryMa^ and Deltsseria It is not diCBcult in such compact species to distinguish between 
contain each one or more fresh-water species. Most of the larger superficial cells, whose chief function is assimilation, subjacent 
species of marine Bkodophyceoi are attached by means of a also cells charged with reserve material, and a csore of tissue engaged 
to rocks, stones, or shells. Many ore epiphytic on other Alg»*, in the convection of elaborated material from part to part, 
more especially the larger Plueophycea and lUwdophycta, As An interesting feature of the niinuto anatomy of Eufloridem, 
in the case of epiphytic brown seaweeds, the rliizoids of the as the K(*d Algtr, exclusive of the Baiujiaceop^ have boon 
epiphyte often penetrate the substanoo of the supporting Alga, termed, is the existence of the so-called FUrridcan pU, ’When 
Some Ked Algo find a home in the gelatinous substauoe of iVns/ra, a cell divides it is found that there remains in the uiiddlo 
Aleyonidiumi and other jolyzoa, only emerging for the forma- of the new wall a single largo ciicular jnt, vhiuh persists 
tion of the reproductive organs. Some are perforating Algo and throughout the life of the cells, bocuming more and more oon- 
biirrow into tno substance of mollusoan sh^s, in company with spicuous with the progress of the thivkouing of the wall. These 
certain Green and Blue-green A1^ Some species belonging to pits servo to indicate the genetic rolatioiiship of adjacent cells, 
the families Squamariacem and CorallincLcem grow attached when they form a compact psoiido-parouchyma, notwithstanding 
through their whole length and breadth, and are often encrusted the fact that somewhat smaller secondary pits api>oar later 
with lime. The forms which grow away from the substratum between any contiguous cells. Protoplasmic continuity has been 
vary greatly in external configuration. In point of size the observed in the delicate niembrane closing the pit. 
largest cannot rival the larger Brown Al^, wnilo the majority Vegetative multiplication occurs only sparingly m /JAodop/ii/cf/r. 
require the aid of the microscope for their investigation. Melobesia calHlharmuoidea gives rise to multicellular jirujiagula ; 

Wo unicellular Bhodophyeece are known, although a flagellate Onjffithsia curalUiui is said to give rise to now individuals, by 
organism, Bhodomonaa^ has recently been described as possessed det^.hing portions of the thallus from the base of which now 
of the same red colouring-mattor. If the sub-group, Bangiacew^ attachment organs have already arisen. Tlie spores of Mono- 
be excluded, they may be said to consist exclusively of apora are by some regarded as uiii(*ellular itropagula. Repro- 
branched filaments. Growth in these oases takes place by means unction is both asexual and sexual. It is noteworthy that 
of an apical cell, from which successive segments are cut off by although all the monibors of the group are aquatic no zoosimros 
means of a transverse wall. The segment so cut off does not arc produced, a negative character common to them and the Bluo- 
usually divide again by means of a transvorse wall, nor indeed green Algm. As a rule the asexual cells and the male and female 
by a longitudin^ wall which passes through the organic axis sexual cells arise upon different plants, so that the species may 
of the ceil. New cells' may be cut off laterally, whicli become be said to bo trioecious. Numerous exceptions, liowover, otvur. 
the apical cells of branches. When the new cells grow no Thus in Leinamaccm asexual stMiros are unknown ; in liatr(icho» 
further, but constitute a palisading round the contra! cell apermumt BontieinaiaoHutf ami Pohjaiphtmia hyasoidca both kinds 
covering its w'hole length, the condition is reached whicli of sexual cells appear on the same plant; and in some cases 
cliaractcrizoa the species ot Polyatpkonia^ the ‘‘siphons" of the asexual cells may occur in conjunction with either the male 
Ik Inch may be regarded as one-cclled branches. To the law that ov female sexual cells. The asexual cells are tornied totraspores 
no suRsoquent transverse division takes place in segments cut «n account of the usual occurrence of four in each sporangium, 
off from the apical coll, there seem to bo two exceptions : first, What may bo termed muuospores, bisjjores, and octosjxires, 
the calcareous genus CoralliTut, in the pliable joints of wdiich however, are not unknown. The sporangia may bo terminal or 
intercalated division occurs; and, second, the NitojihyUem^ in intercalated. When they are confined to special branches, such 
which, moreover, median longitudinal division of axial cells is branches are spoken of as stichidia. Tho tetraspores may arise 
said to occur. Like the Fungi, therefore, tho Rod Algas consist by tho simultanotnis division of tho contents of a sporangium, 
for the most part of branched filaments, even where the thallus when they aro arranged tetrahedrally, or they may arise by 
appears massive to tho eye, and, os in tho case of Fungi, this fact two successive di\iaions, in whnh case tlio arraiigciuent may 
i-i not inconsistent wuth a great variety of external morphology, be zonate when the spores are in a row, or cruciate when tho 
In tho great majority the thallus is obviously filamentous, as in second divisions are at right angles to tho first, oi tetrahedral 
bomo species of Callithainnion, In other species of that genus when tho second divisions aro at nght angles to the first and 
an apparent cortication arises by the dow'iiward grow'th of also to ono another. Totraspores a n at iii^t naked, hut soou 
rhizoids, which are retained within the gelatinous wall of tho acquire a coil-wall and gorminate without a period of rest. Tho 
axial cells. In Batrachoapermum the whole system of branches male sexual cells are produced singly in the toiminal colls of 
are retained within a ditflueut gelatinous substance derived from branches. They are spoken of as sjicrmatia. Great numbors of 
tho outer layers of tho ooll-walls. In other cases the mucilage is anthoridia are usually crowded together, when tho part is 
denser and the branches more closely compacted {Jlelmtnthora). distinguishable by the absence of the usual red colour, lu 
III such cases as Lemaiiea, the terminal colls of the lateral Polyatphtmia they cover the joints of tho so-called leaves ; in 
branches form a superficial layer which has all tho appearance Chondria they arise on flattened discs ; in the more massno forms 
of a parenchyma when viewed from the surface. In Champta they arise in patches on tho ordinary surface ; in a few cases 
and allied genera, the cylindrical axis is due not to the derive- {Gradlaria^ CoralUiui, Galaxaura) they lino tho walls of 
tives of one axial filament, but of several, tho growth of which concoptaclo-like depressions. The female sexual coll is repre- 
is co-ordinated to form a septated tube. The branching of tho sentod by the contents of a cell which is terminal on ordinary 
thallus, whioh meets the eye in all these cases, isduc to the unlimited or specialized branches. This is tho carpogoniuin , it consists 
growth of a few branches. When such a lateral branch over- of a ventral portion which contains a nucleus, but in which no 
tops the main axis whose growth has become limited, as in Ploea- oosphere is differentiated, and an elongated tubular portion known 
m%um and Dasya^ a sym podium is formed. For tho most part tho bs the trichogyue, into which tho cytoplasm extends. Fertilization 
branching is monopodial. Besides tho differentiation into noldfast effected by the iiassive convection of a sponuatium from tho an- 
and shoot, and into branches of limited and branches of unlimited theridium to the trichogyno, to which it adheres, and to w’hich it 
growth, there appear superficial structures of tho nature of hairs, passes over its nucleus tnrough an open coniniuniuatioii set up at 
These are for the most part long, thin- walled, unicellular, and ^bo point of contact. The nucleus thou passes dow'ii the tricho- 
colourless, and arise from tho outer cells of the pseudo-oortex, gyuo and fuses with that of the egg. This fusion has been 
or from the terminal cells of branches when the filaments are observed by Wille in Nemalion viuJiifidwiy and by Sclimidlo in 
free. Among hair-like structures of a higher Batrachosperinuni, It is singular that in the last-named species 

order ore known. These arise from tho axial cell, and are multi- tw’o nuend occur regularly in tho spormatium. The ventral por- 
cellulor and branched. They soon fall off, and it is from the tion of tho carpogonium may bo imbedded deep in the thallus in 
— — - the massive species ; tho trichogyno, however, always roaches the 

* These include ; — surface. Tho first effect of fertilization is the occlusion of the 

1. Bungiacece — 4 families, 9 genera, 58 species. trichogyno from the fertilized carjiogonium. The subsequent 

2. BanuUioninaa — 4 families, 83 genera, 843 siiecies. ‘course of development is characteristic of the Flondetx* The 

8. GigaHinitusat^-^Z families, 54 genera, 409 species. carpogonium germinates forthwith, drawing its nourishment 

4 . BiodyimninoB — 4 families, 92 genera, 602 species. almost wholly from the parent plant. Tho ultimate product 

(De Toni’s ByUoje Algarum.,) in all oases is a number of cariKisporos, but before this stage 
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in reached the development ie different in different sub-gronps. 
In Balrachmptrmum nlamente arise from the carpogoninm on 
all sides ; in OhaiUran$ia and Setnaia on one side only ; in 
HeltnitUhora the filaments are enclosed in a dense mncilago ; in 
Niemaliont prior to the formation of the filaments, a sterile 
cement is cut oil* below. In all these cases, however, the end- 
cells of the filaments each give rise to a carjiospore, and the 
aggregate of such Hporilerous filaments is a cystocarp. Ag[ain, 
in the family of the Geltdmeeas, the single filament arising from 
the caniogonium grows hack into the tissue and Tirovs upon the 
cells of tno axis and larger branches, after which the ond-cclls 
give rise to car[>osporeH and a ditiused cystocarp is lorniod. In 
the whole group of the Orypto 7 M 7 niafes tho parasitism becomes 
more marked htill. Tho filaments arising from tho cariiogonia 
grow into long thin tubes, which fuse witri special colls nch in 
protoplasm eonteiits ; and from these {joints issue isolated tufts 
of sporogoiioiis Idaments, several of which may form tho pioduct 
of one fertilised female cell. In JVitmina, one of the Geltdiacecr, 
it is observable that the ooblastema filament, as the tube arising 
from the fertilized carpogoiiium has boon calloil, fuses coinjiletely 
with a cell contiguous to tho earpogonnim boforo giving rise to 
the foraging filamonts already referred to This is also the case 
among Oryptonemiale^, In a whole sorios ol Red Algie, the 
existence of a liighly-stiocialized auxiliary cell in tho neighbour- 
hood of tho carpogonium is a characteristic feature. In the 
Gigartinales it is already differentiated ^ircvious to fertilization ; 
in HhodytiLemafea it arises subsequent to iertilizatiuii. In tlio 
OigartinafeSf the filamonts which aiise from the auxiliary coll 
may spread and give rise to isolated tufts of sporogonoiis 
filaments, as in the Gryptoncndalfs In the Jihodymenwhs a 
single tuft arises directly from tho auxiliary cell. The earpo< 


for excluding Ba^Uruuiem from Algae altogether, notwith- 
standing their acknowledged morphologic affinity with 
Cyan^hyeeoB^ or, in recognition of the incongruity of 
effecting such a separation, the whole group of the 
Schizophyta — that is to say, the Gytmophyeem in the 
narrow sense, together with BcusUricuseasy is included or 
excluded together. Again, while Conjugatas may be 
shut out from Chlarophycem as an independent group 
coordinate with them in rank, the Cha/ro/cem constitute 
so aberrant a group that it has even been proposed to 
raise them as Cha/rophyta to the dignity of a main 
division co-ordinate with ThaXlophyta. Similarly, while 
DmtonuKecB may be excluded from among Fluwphyeem^ 
though retained among Algm, the Cryptonu)imdousem and 
Peridinicuieasy like Euglena and other CMorophyceas^ may be 
excluded from Thallophyta and ranged among the Flagel- 
late Protozoa, (See Protozoa.) It is doubtful, however, 
whether the conventional distinction between plants and 
animals will continue to be urged ; and the suggestion of 
Haeckel that a class Protista should be established to receive 
the forms exhibiting both animal and plant affinities has 
much to recommend it on phylogenetic grounds. To 
adopt a figure, it is probable that the sources from which 
the two streams of life — animal and vegetable — spring, 
may not be separable by a well-defined watershed at all, 


H|K)roa are in all canea bright rod naked masses of protoplasm ! but consist of a great level upland, in which the water- 

when first discharged. .They soon iM'mnro a coil-wall, and ways anastomose. Finally, while and PAowj- 

gerininate without a period of lesl. Wlien tin eystocarpa or v*i . j. in j i 

segmoiits of cystocarps arc formed in the substaiioo of a thallus, , phyceoR exhibit important affinities, the Rlioa^hycetB are so 
tbc site is marked merely by a Hwellitig of the substance. When , distinct that the term Aigse cannot bc^ made to include 

the cystocarp is prodm'od externally, it may form a berry like i them, except when used in its widest sense. 


mass without an envelope, in which case it is knoMii as a favella. 
In Rhodoirubwcm there is a special iirn-sliapod envelope sur- 
rounding tho Hporogeiious lilamonts. This is a (^eramidmin. 

The attachment of tlm cell of an ooblastema lilamunt to a 
cell of tho thallus may be effected by means ol a minute ])oro, 
or tho two <!ellH may luse their contents into one protoplasmic 
Tiiass. In the latter case, and especially wheie the union is with 
a s]iocial auxiliary cell, it is of importaiu'e to know what 
hajipens 19 the iiiK'lei of the fusing cells. Schmitz was of 
opinion that in tho cases of open ii 111011 there occurred a fusion 


It has been well said that the attempt to classify plants 
according to their natural affinities is an attempt to con- 
struct for them tho genealogical tree by which 
their relationships can be traced. Algse are, 
however, so hetorogenoous a class, of which the constituent 
groups are so inadequately known, that it is at present 
futile to endeavour thus to exhibit their pedigree. A 
synoptical representation of the present state of know- 


of nuclei Hirnilur to that %\hich occurs in the scvual union of two i0jge would be expressed by a network rather than by a 
colls. Jie luuiidcd liis generalization to a large, extent upon the ^ 7 j _r _ 
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obaervation that in Oluutsiphonui capUlans two cells comnletely 
fuso, and that only one nucleus can be dettjctcd in tin* luscd mass, 
Oltmanns has recently reinvostigatod the pheno- 
luonainthiM ]>lant., among others, and has shown 
that the nucleus of the cell which is being jueyed 
unon recedes to the >vall and gradually atro])hies. 

Tne nucleus of tho ooblastema filammit domi- 
nates the mass, and from it all the nuclei of the 
cariK>8|>or6s are thus derived I'horc thus seems 
to uo no justiiie.ition fur belnunig, as Scluiiit/ 
taught, that a seiMuid sexual act occurs in the 
life-cycle of these Fttnudcfr 
The Jianqiales are a relatively small groiqi of 
Rod Algie, to which niiieh of the description now' 
given does not apnly. Structurally they are 
either a plate of ceils, as in Porphyra, or fila 
ments, as in Banyia. There is no exclusive ajiicul 


tree. Tho following table is an adaptation of a schome 
devised by Klebs, and indicates tho inter-relationships of 
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growth, aud the cells diMde in all diiections. 

Thu characteristic pit is also absent. Soviial and 
asexual reproduction j»re\ail. The male cell is a 
spermatiuiii, but tho frmale cell iuuirs no such 
receptive trichogyno as occurs in otlicr Bhodo- 
phycea. After fertilization the equi\alent ot the 
oos])ore divides directly to form a gioup of carposiiorcs There 
18 thua a certain resciiihlant'o to Fuiforidiw, but suflicient 
difference to necessitate their being groiijied apart. Fertilization 
by means of iiou-niotile spcrnuitia and a trichogyno are known 
among tho Fungi in tlie families CoUcmaceoi and Libo^dhenicberm, 

After this survey of tho four groups comprised under 
Algos, it is easier to indicate tlic mriations in tho limits 
of tho class as defined by different authorities. 
To consider tho Cyan^phyceop first, either the 
marked contrast in the method of nutrition of 
the generally colourless Bctcteriaceoi to that of the blue- 
green Cyanophyreo! is regarded as sufficient ground 
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the various constituent groups. The area included in the 
thick boundary line represents Algae in the widest sense 
in which the term is used, and tho four included areas 
tho four main subdivisions. A continuous line indicates a 
close affinity, and a dotted line a doubtful relationship. 

In comparing Algae with the great Archegoniate series 
which has doubtless sprung from them, it is natural to 
inquire to what extent, if any, they present evi- 
dence of the existence of the marked alternation Anommtio& 
of generations which dominates the life-history 
of the higher plants. Turning first to tho 
RhodophyceWy both on account of the high place which 
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they occapy among AlgSB and also the remarkable uni- 1 
formity in their reproductive processes, it is dear that, as I 
is the case amoi^ krcAcponusto, the pr^uct of the sexual | 
act never germinates directly into a plant which gives 
rise to the sexual organs. Even among Bariguictm the i 
oarpospores arise from the fertilized cell by division, while 
in all other Bhodx^phycem the oospore, as it may be | 
called, gives rise to a filamentous structure, varying greatly ! 
in its dimensions, epiphytic, and to a large extent parasitic 
upon the egg-bearing parent plant, and in the end giving 
rise to oarpospores in the terminal cells of certain branches. 
There is here obviously a certain parallelism with the case 
of BryophyUiy where the si>orogonium arising from the 
oospore is epiphytic and partially parasitic upon the female 
plant, and always culminates in the production of s{)ores. 
Not even Rwddy with its rudimentary sporogonium, has so 
simple a corresponding stage as Bwngidy for, while there is 
some amount of sterile tissue in liicday in Bangia the 
oospore completely divides to form oarpospores. Excluding 
BcrngiacecBy however, from consideration, the EujloridecB 
present in the product of the development of the oospore 
like Bryophyta a structure partly sterile and partly fertile. 
There is, nevertheless, this important difference between 
the two cases. While the spore of Brijophyta on germi- 
nation gives rise to the sexual plant, the carpospore of the 
Alga may give rise on germination to a plant bearing a 
second sort of asexual cells, viz., the tetraspores, and the 
sexual plant may only be reached after a series of such 
plants have been successively generated. It is possible, 
however, that the tetras{K>re formation should be regarded 
as comparable with the prolific vegetative reproduction of 
Bryophytay and in favour of this view there is the fact 
that the tetraspores originate on the thallus in a differemt 
way from carpospores with which the spores of Bryophyta 
are in the first place to be compared ; moreover, in certain 
Nemaliowdes the production of tetraspores does not occur, 
and the difficulty referred to does not arise in such cases. 
Altogether, it is difficult to resist the conclusion that 
FloridecF present in a modified fonn the same fundamental 
phenomenon of alternation of generations as prevails in the 
higher plants. Among Pfiasophycem it is well known that 
the oospore of AWoceo? germinates directly into the sexual 
plant, and there is thus only one generation. Moreover, it is 
known that the reduction in the number of chromosomes 
which occurs at the initiation of the gametophyte generation 
in Pteridophyta occurs in the culminating stage of FucitSy 
where the oogonium is separated from the stalk-cell, so that, 
unless it be contended that the Fucm is really a sporophyto 
which does not produce spores, and that the gametophyte 
is represented merely by the oogonium and antheridium, 
there is no semblance of alternation of generation in this 
case. The only case among Pltatophycem which has been 
considered to point to the existence of such a phenomenon 
is Cutleria. Here the asexual cells are borne upon the 
so-called Aglaozonia replans and the sexual cells upon the 
plants known as Cntleria, The spores of the Aglaozonia 
form are known to give rise to sexual plants, and the 
oospore of Cntleria has boon observed to grow into 
rudimentary Aglaozonia^ It is probable, however, that 
there is nothing more here than strongly contrasted 
growth-forms. Among CKLorophyceoey it is often the case 
that the oospore on germination divides up directly to 
form a brood of zoospores. In Coleochmtey this seems to 
be preceded by the formation of a minute parenchymatous 
mass, in each cell of which a zoospore is produced. In 
SphoBTopleay it is only at this stage that zoospores are 
formed at all; but in most cases, such as (Edogoniwniy 
UlothriXy Gokochmtey similar zoospores are produced again 
and again upon the thallus, and the product of the oospore 
may be regarded as merely a first brood of a series. It 
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has been held by some, however, that the first brood 
corresponds to the sporophyte generation of the higher 
plants, and that the rest of the cycle is the gametophyte 
generation. Were the case of Sphaeroplm to stand alone, 
the phenomenon might perhaps be regarded as an alter- 
nation of generations, but still only comixurable with 
the case of Bangiay and not the case of the Floridem. 
But it is difficult to apply such a term at all to thos (5 
cases in which there intervene between the oospore and 
the next sexual stage a si^ries of generations, the zoospores 
of which are all precisely similar. 

The difficulty of tracing the relationships of Algae is 
largely due to the inadequacy of our knowledge of the 
conditions under which they pass through the 
critical stages of their life-cycle. Of the thou- 
sands of species which have been distinguished, 
relatively few have been traced from spore to spore, as 
I the flowering plants have boon observed from seed to seed. 
The aquatic habit of most of the si secies and the minute 
size of many of them are difficulties which do not exist 
in the case of most seed-plants. From the, analogy of 
the higher plants observers have justly argued that when 
they have seen and marked the characters of the repro- 
ductive organs they have found the ]»lant at the stage 
when it exhibits its most noteworthy features, and they 
have named and classified the species in ac^.ordancij 'with 
these observations. While even in such cases it is obvious 
that interesting stages in the life of the plant may escape 
notice altogether, in the cases of those jilants the repro- 
duction of which is unknown, and which have been named 
and placed on the analogy of the vegetative parts alone, 
there is considerable danger that a plant may be named as 
a distinct species which is only a stage in the life of 
another distinct and perhaps already known siiecies. To 
take an example, Lemanta and Batraohosjiemmm are 
Floridem which bear densely-whorled brnnehes, but which, 
on the germination of the carpospore, give rise to a laxly- 
filamentous, somewhat irregularly branched plant, from 
which the ordinary sexual plants arise at a later stage. 
This filamentous structure has lxH»n attributed to the 
genus Cltantransiay which it greatly resembles, especially 
when, as is said to be the ease in Jiairackozpinmnmy it 
bears similar monosjiores. The true Chanfranday how- 
ever, bears its own sexual organs as well as monospores. 
To the specific identity of lJaplosp<na globosa and Bcapho- 
spora speciosay and of Cntleria multijida and Aglaozonia 
repUinSy reference has already been made. Again, many 
Green Algae — some unicellular, like Spha>rella and 
Chlamydomonas ; some colonial forms, like Volvox and 
IlamvotUa; some even filamentous forms, like Ulothrix 
and Stigeoclonium-- are known to pass into a condition 
resembling that of a Pahmlhiy and might escajKi identifi- 
cation on this account. 

It is, on the other hand, a danger in the opposite sense 
to conclude that all Chantransia species arc stages in 
the life-cycle of other plants, and, similarly, that all 
irregular colonial forms, like Pahmllay represent }>hases 
in the life of other Green Algee. Long ago, Kutzing vrent 
so far as to express the belief that the lower Algte were all 
callable of transformations into higher forms, even into 
moss-protonemata. Later writers have also thought that 
in all four groups of Algm transformations of a most 
far-reaching character occur. Thus Borzi finds that 
Protoderma riride passes through a series of changes so 
varied that at different times it presents the characters of 
twelve different genera. Chodat does not find so general 
a polymorphism, but nevertheless holds that Baphidiwm 
passes through stages represented by ProtococcuSy Char- 
aoiumy DactyhcoccuSy and Bciadium, KJebs has, however, 
recently canvassed the conclusions of both these investi- 
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gators ; and as the result of his own observations declares 
that Algae, so far from being as polymorphic as they have 
been described, vary only within relatively narrow limits, 
and present on the whole as great fixity as the higher 
plants. It certainly supports his view to discover, on 
subjecting to a careful investigation Botrydium grantir 
latum, a Siphonacoous Alga whose varied forms had Ijeen 
descriiied by Kostahnski and Woronin, that these authors 
had included in the life-cycle, stages of a second Alga 
described previously by Kutzing, and now described afresh 
by Klebs as Proif)slplum iMryoides, In Botrydium the 
chroraatophores are small, without pyrenoids, and oil-drops 
are present ; in Protonplwu the chromatfiphores form a net- 
work with pyrenoids, and the contents include starch. 
Klebs insists tliat tlie only solution of such jiroblems is 
the subjection of the Alga) in question to a rigorous 
method of pure culture. It is interesting to learn that 
8enn, pursuing the methods des(!ribed by Klebs, lias con- 
hrnied Chodat’s observation of the jiassoge of Uaphidiv/ni 
into a />aci(y/ococc7/«-Btage,although he was unable to observe 
further metamorphosis. He has also seen Pleurococcm 
viMis dividing so as to form a filament, but has not 
succeeded in seeing the formation of zoospores as dciscribed 
by Chodat. While, therefore, there is much evidence of a 
negative character against the existence of an extensive 
poiymoiqdiism among Algm, some amount of metamor- 
phosis is known to occur. But until the conditions 
under which a particular transformation takes place have 
been ascertained and described, so that the observation 
may Ijo repeated by other investigators, scant credence is 
likely to bo given to the more extreme polymorphistic 
views. 

In com])arison with the higher plants, Algse exhibit so 
much simplicity of structure, while the conditions under 
which they grow are so much more readily 
iogy,^“ controlled, that they have frocpiently been the 
subjtM't of physiological investigation with a view 
chiefly to tlie apj>lication of the results to the study of the 
higher plants. (See Physiolooy of Plants). In the 
literature of vegetable physiology there lias thus accumu- 
lated a groat body of facts relating not only to the pheno- 
mena of reproduction, but also to the nutrition of Algae. 
With rofereiKMi to their eheinical jihysiology, the golatiniza- 
tion of the cell-wall, which is so marked a feature, is doubt- 
less attributable to the oceurreiice along with cellulose of 
poetic coinp( muds. The^(^ i s, however, considerable variation 
in tho nature of the membrane in different species ; thus the 
cell-wall of OUdot/muufti, ti’oated with sulphuric acid and 
iodine, turns n, bright blue, while the colour is very faint in 
the case of B/droyyra, the wall of which is siiid to consist 
for tho most jiart of pcctose. While starch occurs com- 
monly as a cell-content m the majority of the Green Algae 
no trace of it occurs in Vauclwria and some of its 
allies, nor is it known in tho whole of the Phoeophycece 
and Rfuidophycefp, In certain Euplweophycem bodies 
built up of concentric layers, and attached to the chro- 
matophures, were described by Schmitz as phmophyccan- 
starch ; they do not, however, give the ordinary starch 
reaction. Other granules, easily Tiiistakon for the “starch” 
granules, are also found in the cells of Ptmophycem ; these 
possess a power of movement ajuirt from the protoplasm, 
and are considered to lie vesicles and to contain phloro- 
gluciii. The colourless granules ot FUrridein, which are 
supposed to constitute the carbohydmU* reserve material, 
have been called fioridean-starch. A white efflorescence 
which appears on certain Brown Algm (Saccorhiza bulbosa, 
Laminaria mcchariwx), when they are dried in the air, is 
found to consist of mannite. Mucin is known in the cell- 
sap of Acetabularia. Some Siphonale^ (Codium) give rise 
to proteid crystalloids, and they are of constant occurrence 
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among^ Maridem. The presence of tannin has been estate- 
lished in the case of a great number of freshwater Alg». 

By virtue of the possession of chlorophyll all Algm are 
capable of utilizing carbonic acid gas as a source of carbon 
in the presence of sunlight. The presence of 
phycocyanin, phycophaein, and phycoerythrin 
considerably modiflos the absorption spectra for 
the plants in which they occur. Thus in the case of 
phycoerythrin the maximum absorption, apart from the 
great absorption at the blue end of the spectrum, is not, 
as in the case where chlorophyll occurs alone, near the 
Fraunhofer line B, but farther to the right beyond the 
line D. By an ingenious method devised by Engelmann, 
it may be shown that the greatest liberation of oxygen, 
and consequently the greatest assimilation of carbon, occurs 
in that region of the spectrum represented by tho absorp- 
tion bands. In this connexion Pfeffer points out that the 
penetrating power of light into a clear sea varies for light 
of different colours. Thus red light is reduced to such an 
extent as to be insuffleient for growth at a depth of 34 
metres, yellow light at a depth of 177 metres, and green 
light at 322 metres. It is thus an obvious advantage to 
Bed Algse, which flourish at considerable depths, to be able 
to utilize yellow light rather than the red, which is extin- 
guished so much sooner. The exjieriment of Engelmann 
referred to deserves to lie mentioned here, if only in 
illustration of tho use to which AIgse have been put in the 
study of physiological problems. Engelmann observed 
that certain Bacteria were motile only in the presence of 
oxygen, and that they retained their motility in a micro- 
scopic preparation in the neighbourhood of an Algal filament 
when they had come to rest elsewhere on account of tho 
exhaustion of oxygen. After the Bacteria had all been 
brought to rest by being placed in the dark, ho threw a 
spectrum upon the filament, and observed in what region 
the Bacteria first regameil their motility, owing to the 
liberation of oxygen in the process of carbon-assimilation. 
He found that thesi* places corresponded closely with 
the region of the absorjition band for the Algie under 
experiment. 

Although Algie generally are able to use carbonic acid 
gas as a source of carbon, some Algw, like certain of the 
higher plants, are capable of utilizing organic compounds for 
this purpose. Thus Bpirogyra filaments, which have been 
denuded of starch by being placed in the dark, form starch 
in one day if they are placed in a 10 to 20 percent, solution 
of dextrose. According to Bokorny, moreover, it appears 
that such filaments will yield starch from formaldehyde 
when they are supplied with sodium oxymethyl sulphon- 
ate, a salt which readily decomposes into formaldehyde and 
hydrogen sodium sulphite, an observation which has been 
taken to mean that formaldehyde is always a stage in tho 
synthesis of starch. With reference to the assimilation of 
nitrogen, it would seem that Algie, like other green plants, 
can l^st use it when it is ^iresented to them in the form of 
a nitrate. Some Algie, however, seem to fiourish better 
in the presence of organic compounds. In the case of 
Scemdesmus aewtus, it is said that the Alga is unable to 
take up nitrogen in the form of a nitrate or ammoniacal 
salt, and requires some such substance as an amide or a 
peptone. On the other hand it has been held by Frank 
and other observers that atmospheric nitrogen is fixed 
by the agency of Green Algse in the soil. (For tho 
remarkable symbiotism between Algae and Fungi, see 
Fungi.) 

Excepting where the thallus is impregnated with silica, 
as in DiatomacecB, or carbonate of lime, as in CoraUvnaceas^ 
Characeae, and some Sipkovudes, it is perhaps not surpris- 
ing that Algae •should not have been extensively preserved 
in the fossil form. Considering, however, that it is gener- 
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ally bdieved that Brycjihyta and vascular plants are de- 
scended from an Al^ ancestry, it is natural to suppose 
that, prior to the luxuriant vegetable grovh^ of 
the Carboniferous period, there must have existed 
^ Algas. It was doubtless this expecta- 
tion that has led to the description of a number 
of Silurian and Devonian remains as Algae upon what is 
now regarded as indequate evidence/ The geologic record 
is, as perhaps is to be expected, exceedingly poor, except as 
regards the Calcareous Siphonales, which are well represented 
at various horizons, from the Silurian to the Tertiary ; even 
the Dialmuiceoe^ which are found in great quantities in 
the Tertiary deposits, do not occur at all earlier than 
the chalk. It is believed, however, that the Devonian 
fossil, Nemaiophycus^ is a laminarian Alga, but it is not 
imtil the late Secondary and the Tertiary formations that 
fossil remains of Algie become frequent. (See pALiSo- 
botany). 

The subjoined list includes the larger standard works on Algo?, 
together with a number of pa^rs to which reference is made in 
this article. For a detailed catalogue of Algological hteraturc, see 
the ** Bibliotheca Phycologica ” in De Toni’s Sylloge Algaruni^ vol. 
i. (1889), with the addendum thereto in vol. iv. (1897) of the same 
work. 
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Alffarve, the southernmost province of Portugal, 
coinciding with the modem district of Faro, with an area 
of 1872 square miles and population 228,635 — a density 
of 122 inhabitants to the square mile. Tho coast is fringed 
for a distance of 30 miles, from Quarteira to Tavira, with 
long sandy islands, through which there are six passages, 
the most important being the New Bar, between Faro and 
Olh^. In 1896 the fisheries yielded 61,132 tons of 
herring, valued at £79,100 ; in 1897, 76,845 tons, valued 
at £68,200 ; and in 1898, 65,637 tons, v^ued at £56,900. 
The sardines caught in the same years averaged £73,250 
in value. The capital is Faro. 

Almbr^ Universal. — l. This term (employed 
by Sylvester in a rather more restricted sense) has come to 
be used to denote the comparative study of algebra in 
general, as distinguished from its applications, and from 


the detailed exposition of any special variety of it. It is 
not easy to give a thoroughly satisfactory definition of 
algebra ; for the purpose of this article “ an algebra ” will 
be taken to mean a mathematical calculus in which sym- 
bolical expressions of certain conventional tyjies are con* 
structed, and their relations investigated according to a 
fixed consistent system of formal ruleA of equivalence. 
This definition, imperfect as it is, will at least serve to 
indicate the essentially formal and abstiuct nature of 
algebraic reasoning. Whether a particular symbolism ia 
to be regarded as an algebra or not depends partly upon 
its formal development, partly uixiri the sense attributed 
to the term “mathematical.” Thus, for instance, the 
methods of symbolic logic have produced a calculus which 
is generally recognizi^ to be an algebra, because it admits 
of a formal treatment which is independent of the par- 
ticular meaning originally given to its symbols; while, 

S. I. — 35 
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on the other hand, the ** equations ” of chemistry, dltbough ' 
symbolical in form, are not deductions from a limited 
number of fundamental equivalences, and for this reason 
are not regarded as algebraical. It is conceivable that, 
in course of time, a new algebra may be invented, sug- 
gested by chemistry and admitting of a chemical inter- 
pretation, and in fact a certain analogy has been observed 
between the graphic symbols of organic chemistry and the 
umbral notation introduced by Aronhold into the theory of 
algebraic forms. 

2 . What will here be called “ordinary” algebra 
developed very gradually as a kind of shorthand, devised 
to abbreviate the discussion of arithmetical problems and 
the statement of arithmetical facts. Although the dis- 
tinction is one which cannot be ultimately maintained, it 
is convenient to classify the signs of algebra into symbols 
of quantity (usually figures or letters), symbols of opera- 
tion, such as -f , ^, and symbols of distinction, such as 
brackets. Even when the formal evolution of the science 
was fairly complete, it was taken for granted that its 
symbols of quantity invariably stood for numbers, and 
that its symbols of operation were restricted to their 
ordinary arithmetical meanings. It could not escape 
notice that one and the same symbol, such as J(a - 6), or 
even {a - h\ sometimes did and sometimos did not admit of 
arithmetical interpretation, according to the values attri- 
buted to the letters involved. This led to a prolonged 
controversy on the nature of negative and imaginary 
quantities, which was ultimately settled in a very curious 
way. The progress of analytical geometry led to a 
geometrical inter|)rotation both of negative and also of 
imaginary quantities j and when a “meaning,” or, more 
properly, an inteqiretotion, had thus been found for the 
symbols in question, a reconsideration of the old algebraic 
problem became inevitable, and the true solution, now so 
obvious, was eventually obbiined. Jt was at lost realized 
that the laws of algebra do not depend for their validity 
upon any particular interpretation, whether arithmetical, 
geometrical, or other ; the only question is whether these 
laws do or do not involve any logical contradiction. 
When this fundamental truth had been fully grasped, 
mathematicians began to inquire whether algebras might 
not be discovered which ol^eyed laws different from those 
obtained by the generalization of arithmetic. The answer 
to this question has been so manifold as to be almost embar- 
rassing. All that can be done here is to give a sketch of 
the more important and independent “special algebras” 
at present known to exist. 

3 . Although the results of ordinary algebra will be 
taken for granted, it is convenient to give the principal 
rules upon which it is based. They are 

(a + + r =- rt + + c) (a) (a x Z») x r = o x x c) (a') 

+ rt (t?) ax.h-hxa (o') 

if{h -t- c) «= tt6 -f- err* (d) 

(a-h) + b = a (i) (a-Tb)xb^a (f) 

These formuhe express the assodative and commutative 
laws of the opemtions *+• and x , the distributive law of x , 
and the definitions of the inverse symbols - and -4- , which 
are assumed to be unambiguous. The special symbols 
0 and 1 are used to denote a- a and a -r a. They behave 
exactly like the corresponding symbols in arithmetic ; and 
it follows from this that whatever “ meaning ” is att^hed 
to the symbols of quantity, ordinary algebra includes arith- 
metic, or at least an image of it. Every ordinary algebraic 
quantity may be regarded as of the form a + /J ^ - 1, where 
a, p are “ real ” ; that is to say, every algebraic equivalence 
remains valid when its s3rmbols of quantity are interpreted as 
complex numbers of the type a + ^ - 1 (cf. Numbek). 

But the symbols of ordinary algebra do not necessarily I 


denote numbers; they may, for instance, be interfunted 
as ooplanar points or vectors. Evolution and involution 
are usuidly regarded as operations of ordinary algebra; 
this leads to a notation for powers and roots, and a theory 
of irrational algebraic quantities analogous to that of 
irrational numbers. 

4 . The only known type of algebra which does not 
contain arithmetical elements is substantially due to Boole. 
Although originally suggested by formal logic, 

it is most simply interpreted as an algebra of 
regions in space. Let i denote a definite 
region of space ; and let a, 6, etc., stand for 
definite parts of t. Let a-f 6 denote the region made 
up of a and h together (the common part, if any, being 
reckoned only once), and let a x 6 or ah mean the region 
common to a and 6. Then a -h a « oa « a; hence numerical 
coefficients and indices are not required. The inverse 
symbols ~ , -r are ambiguous, and in fact are rarely used, 
l^ch symbol a is associated with its supplement d which 
satisfies the equivalences a + d~t, ad^O, the latter 
of which means that a and d have no region in common. 
Finally, there is a law of absorption expressed hy a^-ah^a. 
From every proposition in this algebra a reciprocal one 
may be deduced by interchanging + and x, and also 
the symbols 0 and i. For instance, x-^-y^x-^xy and 
xy^x{x^y) are reciprocal. The operations -f- and x 
obey all the ordinary laws a, c, i> (§ 3 ). 

5 . A point A in space may be associated with a (real, 
positive, or negative) numerical quantity a, called its 
weighty and denoted by the symbol aA. The 

sum of two weighted points aA, jSB is, by MUhlat^M 
definition, the point (a-f / 3 )G, where G divides 
AB so that AG : GB » ^ : a. It can be proved 
by geometry that 

(aA-fi8B)-»-7C«aA + (i8B-f.yC)-(a + i8 + y)P, 
where P is in fact the centroid of masses a, )6, y placed at 
A, B, C respectively. So, in general, if we put 

aA -f* fSJi ■+• yC + . . , + A,L ®=(a-f-^ + y4‘ ... + A)X. 

X is, in general, a determinate point, the baryceutre of oA, 
/8B, etc. (or of A, B, etc. for the weights a, P, etc.). If 
(a -H /J + ... + A) happens to be zero, X lies at infinity in 
a determinate direction ; unless - aA is the barycentre 
of pB, yC, . . . AL, in which case aA + PB+ ... + AL 
vanishes identically, and X is indeterminate. If ABCD 
is a tetrahedron of reference, any point P in space is deter- 
mined by an equation of the form 

(a + j 3 + y ■f-8)P = aA-|-) 8 B- 4 -yC-l- 3 D : 

S A 7 * ^ ^^9 equivalent to a set of homogeneous 

co-ordinates of P. For constructions in a fixed plane three 
points of reference are sufficient. It is remarkable that 
Mobius employs the symbols AB, ABC, ABCD in their 
ordinary geometrical sense as len^hs, areas, and volumes, 
except that he distinguishes their sign ; thus AB » ~ BA, 
ABCs» -ACB, and so on. If he had happened to 
think of them as “products,” he might have anticipated 
Grassmann’s discovery of the extensive calculus. From a 
merely formal point of view, we have in the barycentric 
calculus a set of “ special symbols of quantity ” or “ extra- 
ordinaries ” A, B, C, etc., which combine with each other 
by means of operations + and - which obey the ordinary 
rules, and with ordinary algebraic quantities by opera- 
tions X and -7-, also according to the ordinary rules, except 
that division by an extraordinary is not used. 

6. A q^temion is best defin^ as a symbol of the type 

g -» wai^t » a^e^ -f a^Cj + + ®8^8> 

where ^^ . . . C3 are independent extraordinaries qaaur- 

and . . . a, ordinary algebraic quantities, which 

may be called the co-ordinates of q. llie sum and pro- 
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dnct of two quaternions are defined by the formulae 

2a|St + « 2(a, 4- 

where the products ef^g are further reduced according to 
the following multiplication table, in which, for example, 



^0 





^'0 

H 


^3 

e\ 



f;, 

““ ‘a 

tg 

ca 

-H 


<1 


0, 

eg 


~ ^0 


the second line is to be read 

s - 0J2. The effect of these definitions is that the sum 
and the product of two quaternions are also quaternions ; 
that addition is associative and commutative; and that 
multiplication is associative and distributive, but not 
commutative. Thus 

quaternions, qq* is generally different from q'q. The 
symbol behaves exactly like 1 in ordinary algebra; 
Hamilton writes 1, t,.;, k instead of and in this 

notation all the special rules of operation may be summed 
up by the equalities 

{2 ^j2 -- p ass - 1 . 


Putting q==^a + pi + yf+Skf Hamilton calls a the scalar 
part of q, and denotes it by 8 q ; he also writes Yq for 
pi + yj + 8 ky which is called the vector part of q. Thus 
every quaternion may be written in the form <7 = Sg' + Vy, 
where either Bq or Yq may separately vanish; so that 
ordinary algebraic quantities (or scalars, as wo shall call 
them) and pure vectors may each be regarded as special 
cases of quaternions. 

The equations q' + x — q and y^^^q* — q are satisfied by 
the same quaternion, which is denoted by q-q. On 
the other hand, the equations qx = q and yq =- q have, in 
general, different solutions. It is the value of y which is 
generally denoted by q^q* \ a special symbol for x is 
desirable, but has not been .established. If we put 
— Vg'', then % is called the conjugate of q\ and 
the scalar == q^ q* is called the nomi of q' and written 
N7'. With this notation the values of x and y may be 
expressed in the forms - 

which are free from ambiguity, since scalars are commuta- 
tive with quaternions. The values of x and y are different, 
unless Y{qq'^ 0. 

In the applications of the calculus the co-ordinates of a 
quaternion are usually assumed to be numerical; when 
they are complex, the quaternion is further distinguished 
by Hamilton as a biqvoiternion, Clifford's biquatemions are 
quantities ^q + rfr, where q, r are quaternions, and q are 
symbols (commutative with quaternions) obeying the laws 

7. In the extensive calculus of the nth category, we 
have, first of all, n independent “ units,” 
^2’ * * * From these are derived symbols 
extaoMlya Df the type 

vaieuiua, . . . . v 

Aj = 4* *2^2 + • • • + 

which we shall call extensive quantities of the first species 
(and, when necessary, of the nth category). The co- 
ordinates , oLn Sire scalars, and in particular applicar 
tions may be restricted to real or complex numerical values. 

If Bj a2)3e, there is a law of addition expressed by 

«s 2(flq + Pi)eissBj + Aj ; 

this law of addition is associative as well as commutative. 


The inverse operation is free from ambiguity, and, in fact, 

Ai-Bi«F(ai-ft)f<. 

To multiply A^ by a scalar, we apply the rule 
£Ai = Aig«2(fa<)f<, 
and similarly for division by a scalar. 

All this is analogous to the corresponding formulae in the 
barycentric calculus and in quaternions; it remains to 
consider the multiplication of two or more extensive 
quantities. The binary products of the units et are taken 
to satisfy the equalities 

0 , fffj = CjCt ; 

this reduces them to Jw(?i- 1) distinct values, exclusive of 
zero. These values are assumed to be independent, so we 
have J»(n - 1) derived units of the secemd species or (yrder* 
Associate with these new units there is a system of 
extensive quantities of the second species, represented by 
symbols of the type 

A2«2a<Ec'2) 2,...^(n-l)], 

where Eg^®^, etc., are the derived units of the second 
species. If A^ » = 2/5?, r,-, the distributive law of 

multiplication is preserved by assuming 

AiBj = ^a^pi)ei^j ; 

it follows that A^Bi = -• B^Aj, and that Af - 0. 

By assuming the truth of the associative law of multi- 
plication, and taking account of the reducing fonnula* for 
binary products, we may construct derived units of the 
third, fourth . . . nth species. Every unit of the rth 
.species which docs not vanish is the product of r different 
units of the first species ; two such units are indci)endent 
unless they are permutations of the same set of primary 
units Ci, in which case they are equal or opposite according 
to the usual rule employed in determinants. Thus, for 
instance — 

and, in general, the number of distinct units of the rth 
sjKJcies in the nth category (r<n) is Cn.r- Finally, it is 
assumed that (in the nth category) 1, the 

suffixes being in their natural order. 

Let Ar — 2aE^*'^ and B, = 2/SE‘*^ be two extensive quan- 
tities of species r and s ; then if r 4- 3 n, they may lie 
multiplied by the rule 

ArB,-2(ai8)Ef*^>E'«> 

where the products may be expressed as derived 

units of species (r + s). The product Bj,Ar is equal or 
opiKisite to ArB«, according as rg is even or odd. This 
process may be extended to the product of three or more 
factors such as ArB«Cf . . . provided that r 4- « 4* « 4- ... 
does not exceed n. The law is associative, thus, for 
instance, (AB)C = A(BC). But the commutative law does 
not always hold; thus, indicating siiecics, as before, by 
suffixes, ArB,Ce = ( - CfBjiAr, with analogous 

rules for other cases. 

If r 4- s>n, a product such as ErE«, worked out by the 
previous rules, comes out to be zero. A characteristic 
feature of the calculus is that a meaning can be attached 
to a symbol of this kind by adopting a new rule, called 
that of regressive multiplication, as distinguished from 
the foregoing, which is progressive. The new rule requires 
some preliminary explanation. If E is any extensive unit, 
there is one other unit E', and only one, such that the 
(progres''ive) product EE^ =* 1. This unit is called the 
supplement of E, and denoted by |E. For example, when 
n«=4, 

and so on. Now when r4s>», the product ErE, is 
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defined to bo that unit of which the supplement is the 
progressive product |£r|Et. For instance, if Hr 

* ejCg, E, « we have 

|Er|E, = ( - - «i) - «i V-t ” K 

consequently, by the rule of regressive multiplication, 

Applying the distributive law, we obtain, when r + ^ > w, 
A,.B, » « ^ap)ErE,, 

where the regressive pro<lucts E^E, are to be reduced to 
units of species (r + « - n) by the foregoing nile. 

If A = iIttE, then, by definition, A«*2a|E, and hence 

A|(B + C)-A1B + A|C. 

Now this is formally analogous to the distributive law of 
multiplication ; and in fact we may look u])on A|B as a 
particular way of multiplying A and B (not A and (B). 
The symbol A|B, from this point of view, is called the 
inner product of A and B, as distinguished from the outer 
product AB. An inner product may be either progressive 
or regressive. In the course of reducing such expressions 
as (AB)C, (AB){C(DE)} and the like, whore a chain of 
multiplications has to be perfonried in a certain order, 
the multiplications may bo all progressive, or all regres- 
sive, or partly one, partly the other. In the first two 
cases the product is said to bo pure, in the third ctise 
mixed, A pure product is associative ; a mixed product, 
speaking generally, is not. 

The outer and inner i)roducts of two extensive quanti- 
ties A, B, are in many W'ays analogous to the quaternion 
symbols Nah and Sa6 respectively. As in quaternions, so 
in the extensive calculus, there are numerous formula? of 
transformation which enable us to deal with extensive 
quantities without ex}>ressing them in terms of the 
rimary units. Only a few illustrations can be given 
ere. Let ri, ft, c, (/, c,/ Ih 3 ejuantities of the first species 
in the fourth catc'gory ; A, B, C . . . (juantities of the 
third species in the same catt?gory. Then 

{d€)(abc) ^ {abde)c + {('ade)b + {bcde)a 
— {abce)d - (abc(f)€y 
(aft)(AB) - (rtA)(ftB) ~ (aB)(ftA) 

aft'jc « (a|c)ft - (ft|c)r/, (ab\cd) ~ 

These may be compared and contrasted with such quater- 
nion formula? as 

S( Vr/ftV<v/) * Sm/Sftc - SaeHbd 
dHabc — a^bed - b^eda + cBoc/ft 

where a, ft, c, d denote arbitrary vectors. 

8. An n-tuple linear algebra (also called a complex 
numlier system) deals with quantities of the type 
migHm. ^ ~ derived from n special units Cj, e,j. , , tw 
The .sum and product of two c]uantitie8 are defined 
in the first instance by the formula? 

:Sac 4- + Ph -Vi X 

80 that the laws a, r, d of § 3 are satisfied. The binary 
products fiejy however, are expressible as linear functions 
of the units by means of a multiplication table ” which 
defines the special characteristics of the algebra in question. 
Multiplication may or may not be commutative, and in 
the same way it may or may not be associative. The 
types of linear associative algebras, not assumed to be 
commutative, have b(?en enumerated (with some omissions) 
up to sextuple algebras inclusive by B. Peirce. Quater- 
nions afford an example of a quadruple algebra of this 
kind. If, in the extensive calculus of the nth category, 
all the units (including I and the derived units E) are 
taken to be homologous instead of being distributed 
into species, we may regard it as a (2** - l)-tuple linear 
algebra, which, however, is not wholly associative. It 


should be observed that while the use of special unitB, or 
extraordinaries, in a linear algebra is convenient, especi- 
ally in applications, it is not indispensable. Any Imsar 
quantity may be denoted by a symbol (a^ a^, . . . On) in 
which only its scalar coefficients occur ; in fact, the special 
units only serve, in the algebra proper, as twibroe or 
regulators of certain operations on scalars (see Number, 
§ 33). This idea finds fuller expression in the algebra of 
matrices, as to which it must suffice to say that a matrix 
is a symbol consisting of a rectangular array of scalars, 
and that matrices may be combined by a rule of addition 
which obeys the usual laws, and a rule of multiplication 
which is distributive and associative, but not, in general, 
commutative. Various special algebras (for example, 
<]uateniious) may be expressed in the notation of the 
algebra of matrices. 

9. The algebras discussed up to this point may be 
considered as independent in the sense that each of them 
d(?alB with a class of S 3 rmbols of quantity more 

or less homogeneous, and a set of operations 
applying to them all. But when an algebra is 
used with a particular interpretation, or even in the course 
of its formal development, it frequently ha])pens that new 
symbols of operation are, so to speak, superposed upon the 
algebra, and are found to obey certain formal laws of com- 
bination of their own. For instance, there are the symbols 
A, 1), E used in the calculus of finite difierences; Aronhold’s 
SNUibolical method in the calculus of invariants; and the 
like. In most cases these subsidiary algebras, as they may 
be called, are inse}>arable from the applications in which they 
are used ; but in any attempt at a natural classification of 
algebra (at 2 )resent a hoi)eless task), they would have to be 
taken into account, lilven in ordinary algebra the notation 
for powers and roots disturbs the symmetry of the rational 
theory ; and when a schoolboy illegitimately extends the 
distnbutive law by writing + ft) =* -f ^/ft, ho is 
unconsciously emjjhasizing this want of complete harmony. 

10. The reader cannot fail to observe that this article 
i.s far from being an outline of universal algebra, in the 
sense ascribed to that term at the bi'gmning ; it i.s, rather, 
a brief presentation of .some of the i>rin(;ipal facts 
with which universal algebra has to dc?al. It may even 
be doubted whether any theory of universal algebra, 
exce])t in a very restricted or provisional sense, is actually 
j)ossible at present. It may, j)erhap8, be admitted that wo 
have arrived at the concei)tion that an “ algebraic quan- 
tity ” is a symbol defined merely by its formal relations ; 
and that the symbols + and x are legitimately used 
when the first is commutative and associative, and the 
second distributive. But there is hardly any other general 
statement that may not be upset by future discoveries; 
and in fact even these are inconsistent with much current 
notation. The state of mathematical symbolism to-day 
may be fairly compared to that of botany, when the idea 
of a natural classification first began to suggest itself. 
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T he subject-mattor of algebraic fonus is to a large 
extent connected with the linear transformation 
of algebraical polynomials which involve two or more 
variables. The theories of determinants and of sym- 
metric functions and of the algebra of differential opera- 
tions have an important bearing upon this comparatively 
new branch of mathematics. They are the chief instru- 
ments of research, and have themselves much benefited by 
being so empdoyed. When a homogeneous polynomial is 
transformed by general linear substitutions as hereafter 
explained, and is then expressed in the original form with 
new coefficients affecting the new variables, certain func- 
tions of the new coefficients and variables are numerical 
multiples of the same functions of the original coefficients 
and variables. The investigation of the xiroperties of these 
functions, as well for a single form as for a simultaneous 
set of forms, and as well for one as for many series of 
variables, is included in the theory of invariants. As far 
back as 1773 Lagrange, and later Gauss, had met with 
simple cases of such functions; Boole, in 1841 {CamlK 
Math, Joum, iii. pp. 1-20), mode imi^ortant stejis, but it 
was not till 1845 that Cayley {Coll, Math, Papers^ i. pp. 
80-94, 95-112) showed by his calculus of hyx>er-deter- 
niinants that an infinite series of such functions might be 
obtained systematically. The subject was carried on over 
a long series of years hy himself, Sylvester, Salmon, Hesse, 
Aronhold, Hermite, Brioschi, Clebsch, Gordan, &c. The 
year 1868 saw a considerable enlargement of the field of 
ojierations. This arose from the study by Klein and Lie 
of a new theory of groups of substitutions ; it was shown 
that there exists an invariant theory connected with every 
group of linear substitutions. The invariant theory then 
existing was classified by them as apxiertaining to ** finite 
continuous groujjs.” Other “ Galois ” groups were defined 
whose substitution coefficients have fixed numerical values, 
and are particularly associated with the theory of equations. 
Arithmetical grouiis, connected with the theory of quad- 
ratic forms and other branches of the theory of numbers, 
which are termed “discontinuous,” and infinite groups 
connected with differential forms and equations, came into 
existence, and also imrticular linear and higher transforma- 
tions connected with analysis and geometry. The effect 
of this was to co-ordinate many branches of mathematics 
and greatly to increase the number of workers. The sub- 
ject of transformation in general has been treated by 
Sophus Lie in the classical work Theorie der Transforma^ 
tionsgruppen. The present article is merely concerned 
with algebraical linear transformation. Two methods of 
treatment have been carried on in xmrallel lines, the un- 
symbolic and the sjnnbolic ; both of these originated with 
Cayley, but he with Sylvester and the English school have 
in the main confined themselves to the former, whilst 
Aronhold, Clebsch, Gordan, and the Continental schools 
have principally restricted themselves to the latter. The 
two methods have been conducted so as to be in constant 
touch, though the nature of the results obtained by the 


one differs much from those which flow naturally from the 
other. Each has been singularly successful in discovering 
new lines, of advance and in encouraging the other to 
renewed efforts. Gordan first proved that for any system 
of forms there exists a finite number of covariants, in 
terms of which all others are expressible as rational and 
integral functions. This enabled Hilbert to produce a 
very simple unsymbolic jiroof of the same theorem. So 
the theory of the forms afipertaining to a binary form of 
unrestricted order was first worked out by Cayley and 
MacMahon by unsymbolic methods, and later Stroh, from 
a knowledge of the results, was able to ^vrify and extend 
the results by the symbolic method. At the moment of 
writing no English work exists on the syml>o1ic methods, 
so that it has been judged jiroxior to present to English 
readers a short remni^ of those processes, and to refer 
them for other information to the existing English 
treatises. The partition method of treating symmetrical 
algebra is one w^hich has been singularly successful in in- 
dicating new paths of advance in the theory of invariants ; 
the important theorem of expressibility is, directly w'c 
exclude unity from the partitions, a theorem concerning 
the expressibility of covarianis, and involves the theory of 
the reducible forms and of the syzygies. The theory 
brought forward has not yet found a place in any systematic 
treatise in any language, so that it has been judged x)ro})er 
to give a fairly comxdete account of it. 

I. The Theory of Determinants. 

Let there be given nr quantities 

®ll ^*12 
®3l ^22 ^23 
®8l 


(ha ttn2 rtfin 

aiiU iorm from them a x>roduct of n quantities 


«la 

Where the first suffixes are thr natural numl)ers 1, 2, 3, ... n taken 
in order, and a, y, ... v is some permutation of these n numbers. 
This permutation by a transjiosition of two numbers, say a, 
becomes /9, a, y, . . r, and by successively transposing pairs of 
letters tlie permutation can be reduced to the form 1, 2, 8, .. n. 
Let k such transpositions be necessary ; then the expression 


2( " • «»!.» 


the summation being for all permutations of the n numbers, is 
called tiie determinant of the n® quantities. The quantities 
«!«» (f^ • ar® called the elements of the determinant ; the term 
{ - )*'«iaa 2 / 3 «sy anv is called a member of the determinant, and 
there are evidently n ! members corresponding to the n ! permuta- 
tions of the H numbers 1, 2, 3, ... n. The determinant is usually 
written 

I ^12 ®13 “l« [ 


A- 


®2l ®23 

^81 ®32 ®83 • • • 


I flfni .. ii„n I 

the square array being termed the maim, of the determinant. 
A matrix has in many parts of mathematics a signification apart 
from its evaluation os a ditcnninant. A theory of matrices hoe 
been constructed by Cayley in connexion particularly with the 
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theory of linear transformation. The matrix oonaiata of n rows 
and n columns. Each row as well as eaoh column supplies one 
and only one element to each member of the determinant. Con- 
sideration of the definition of the determinant shows tliat the 
value is unaltered when the suffixes in eaoh element are transposed. 

The(yrem,—lt the determinant is transformed so as to riid by 
columns as it formerly did by rows its value is unchanged. The 
leading member of the determinant is ••• corre- 

sponds to the principal diagonal of the matrix. 

We write frequently 


If the first two columns of the determinant bo transposed the 
expression for the determinant becomes Z( ~ viz., 

a and (i are transposed, and it is clear that the number of trans- 
positions necessary to convert the permutation ^ay ..r of the 
second suffixes to the natural order is changed by unity. Hence 
the transpos:tiou of columns merely changes the sign of the 
determinant. Similarly it is shown that the transposition of any 
two columns or of any two rows merely clianges the sign of the 
determinant. 

Theorem, — Interchange of any two rows or of any two columns 
merely changes tlic sign of the determinant. 

Corollary. — If any two rows or any two columns of a deter- 
minant be identical the value of the determinant is zero. 

Minora of a Determinant. — From the value of A wc may 8e|)arate 
those members which contain a particular element a,* as a factor, 
and write the portion aiu ; A^t, the cofactor of a^, is called a 
minor of order n - 1 of the determinant. 

Now ajiAii—S + ajiOggOtsj Onm wherein ajj is not to be 
changed, out the second suffixes in the product 
assume all permutations, tlic numlxT of transpositions necessary 
determining the sign to bo affixed to the member. 

Hence wlierc the cofactor of is 

clearly the determinant olitaincd by erasing the first row and the 
first column 

I "iM •• I 

Hewu A„ “•» 

I rtfi 2 ffna •• «tm I 

Similarly A**, the cofactor ol o;*, is shown to be the product of 
(-)<+* ttud tlic dctcrmmaiit obtained by erasing from A the 
row and column. No mrinlicr of a detorniinant can involve 
more than one element from the first row. Hence we have the 
development 

A — ttnA^I *f-rtj3A|.j”l"fllj3Aj3-|- . -f-CltlnAin) 


proceeding according to the elements of the first row and the 
correspoudiiig minoi s. 

SinuUrly we liave a development proceeding according to the 
elements eoutained 111 any row' or in any column, viz., 

A unAn -4 ««Aia + fiuAa + .. . + AmA^w 
A=«uAi*'l o^kA^k 4 oajiA;i*+ . +aMii;AnA; 

Tliis llieory enables llie evaluation of a determinant by successive 
I'cducLion of the ordeis of the dcterminaiits involved. 



Mx. gr. 


1 0 y 

2 1 fi 
0-5 3 




=:! |3| -6 1 -f 
= 3 + 30-30-0=i 


I 2 6 
1 0-3 

+ 3.2 I 


|o- 


1 

-5 1 -3.1 I 0 I 


Since the di>tcrmin iiit 

j Oai O-Hj a.i,t . ttttn 

a>n .. a>2n 

rtJ2 <*an 


having two identical lows. 


■ <tni a„» a„n , 

vanishes identically ; we have by development according to the 
elements of the first row 

^^82 Ai 2 + "b • “b ®3nAin == 0 ; 

and, in general, since 

<*nAji i OinAiz 4 Ot3Ai3 + ... +ai,(A(M= A, 
if we suppose the and A*'* rows identical 

OjbiAii + ajkuAm + a;t»A«3 -r + aienA<„ = 0 5 1) ; 

and proceeding by columns instead of row’s, 

«mAi* + Ayjt + Am Asa + . . . + tintAnt = 0 (A: < t) 

identical relations alw’ays satisfied by these minors. 

If ill the first relation of (A) we write at»ssbu’^ei,'\-di,+ ... we 
find that 2fe4«A(«=Z2>MA^+ SrMA<« + SdteAi« + . . so that A breaks 
up into a sum of determinants, and we also obtain a theorem for 
the addition of determinants which have n - 1 rows in common. 
If we multiply the elements of the second row by an arbitrary 
magnitude X, and add to the corresponding elements of the first 
row, A becomes SajfAia + XSostA la =£a]«Ai,= A, showing that the 


value of the determinant is unchanged. In general we can prove 
in the same way the-- 

Theorem . — Tne value of a determinant is unchanged if we 
add to the elements of any row or column the corresponding 
elements of the other rows or other columns respectivdy eaoh 
multiplied by an arbitrary magnitude, such magnitude remain- 
ing constant in respect of the elements in a particular row or a 
particular column. 

ObaerveUion . — Every factor common to all the elements of a 
row or of a column is obviously a factor of the determinant, and 
may be taken outside the determinant brackets. 


£x. gr. 


o* 7® 

a /3 7 
1 1 1 


0 jS -a 

1 0 


tt* 7® -a* 
7-a 
0 




■a- 7 


1^-0 7-0 


= (/S -a)(7-o) 

=(/J-o)(7-o)(/3 7). 

0A 

The minor A^ is ^ , and is itself a determinant of order n- 1. 


Wo may therefore ditferentiato again in regard to any element 
Oft whore s< A; ; wo will thus obtain a minor of A^i which is 

0A 3*A 

a minor also of A of order »-2. It will be 

and will be obtained by erasing from the determinant Am the 
row and column containing the clement On ; this was originally 
the r^ row and s** column of A ; the r** row of A is the r** or 
(r- 1)** row of Am, acconiing nBr^i and the «** column of A is 


the a^ or «- 1** column of A** according as a'^k. Hence, if Th 
denote the number of transpositions necessary to bring the suc- 
cession rt into ascending order of magiiitnae, the sign to be 
attached to the determinant arrived at by erasing the i** and r** 
lows and the and a^^ columns from A in order produce Aa will 

.ef 

be - 1 raised to the power of Th + T*, + 1 + A; + r + a. 

Similarly proceeding to the minors of order n ~ 3, we find that 
0 0® 0^ 

A<*=^ - Ai*=^ — R — AM=r» — ^ — A is obtained from A by 

r# Wiu ri darjoatu dontdor^iatu ^ 

tu 

erasing the i**, r**, rows, the columns, and multiplying 

the resulting determinant by -1 raised to the power T«ri + Tma 
+ i + A'* + r + « + ^ + i/ and the general law is dear. 

Correaponding Minora. — In obtaining the minor Aa in the 

ri 

form of a determinant wo erased certain rows and columns, and 
we would have erased in an exactly similar inanuiT had wo been 
forming the determinant associated with A^, since the deleting 

rk 

lines intersect in two pairs of points. In the latter case the sign 
is determined by - 1 raised to the same j)ower as before, with the 
exception that T,iAt replaces T^a ; but if one of these numbers be 
even the other must be uneven ; hence 


Moreover 


A<a= - Am. 

n rk 


»<ikawAiA + «M«r*A„“ A,*, 

r» rk ^rk “r» rt 


where the determinant factor is given by the four points in which 
the deleting lines intersect. This deteimnuant and that associated 
with AfA are termed corresponding dctormiuauts. Similarly p 

r» 

lines of deletion intersecting in p® points yield corresponding 
determinants of orders p aim n-p resxiectively. Kecalung the 
formula 

A = All All + ^laAia + (ZisAis + . . . + otin Aim, 


it will be seen that aiA and Aia involve corresponding determin- 
ants. Since Au is a determinaut we similarly obtain 


Aia = O fflAu + + aa,*~iAi,A + <^,*+iAi.a + . + as.NAi,A , 

si Spib-l S.iN -1 Xn 

and thence 

A =. EaMOiiAA]! where i < A; ; 

i,k Sift 


and as l»efore 


A»2 

*.* 


a\i a^i 
ttlA OsA 


Ah t>A:, 


an important expansion of A. 
Similarly 

a\i Osi «« 
A = S aiAOsAC^sk 

Ulr »Sr 


All i>A:>r. 

5* 

Sr 


and the general theorem is manifest, and yields a development 
in a sum of products of corresponding determinants. If the 
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oolnmn be identioAl with the the detemiiiant A vudihee 
identioaUy ; henoe ifj be not equal toi, k, or 

I Ov On/ 

OaaS OlJk Om Oajk Ai<. 

1 air Oar Oir JJ 

Similarly, by putting one or more of the deleted rows or columns 
equal to rows or columns which m not deleted, we obtain, with 
lAplaoe, a number of identities between products of determinants 
of complementary orders. 

MuUiplieation, — From the theorem given above for the ex- 
pansion of a determinant as a sum of Products of pairs of corre- 
sponding determinants it will be plain that the product of 
A=(au, as9,...ann) and l)=(6u, ^sa, 6mi) may be written as a 
determinant of order 2n, viz. — 


an fl 2 i fljii • 

• flfii 

-1 

0 

0 .. 

. 0 

fll 2 fl 22 fl 82 • 

• aii 2 

0 

-1 

0 .. 

. 0 

flu fl 22 flSS •• 

fl-ns 

0 

0 

“1 .. 

. 0 

flln flSn flSu • 

• Ann 

6 

6 

6 

. -i 

0 0 0 . 

. 0 

bii 

612 

bis .. 

. bln 

0 0 0 . 

. 0 

bn 

bn 

bss 

bsn 

0 0 0 . 

. 0 

bsi 

bn 

bss 

bsH 

• 0 

• 0 

• 0 

.. 6 

bfa 

&n 8 

bnS . 

. bnn 


Multiply the !•*, rows by 612, respectively, and 

■ ' &2i» add to t' 

add to the 91 + row, Ac. 


add to the 9t+l<* row; by &21, and add to the jri-f2'* 

row; by 631, &s2i —ftan and 


. C then 

becomes 

aii^u + ^12612 + . . + ctinhnt Oaiiii + 022^12 + . . . + (hmhnt 

. .Onl&li'f an2&l2+ •• +ann^ln 

aii^ai + ^12622 + . • . + ain&2ti) oai^ai + “22^22 + . • . + o^b^nt 

• Ofil^ + <*112^22+ •• 

ailftsi + ai2^ + • + 0 >lnb ^9 021^21 + 022^22 + . • . + a^nb^nt 

• • ‘anl^Sl + an3^>39 + • + a«n2»2»i 

O^llbta + ai2in2 + • . . + ainbnm Oai^nl + a 222 >iia 4 - . . . + a^hnnt 

• • -aniftnl 4 - 1 . . 4 * a^nbrn 

and all the elements of D become zero. Now by the ex|)ansion 
theorem the determinant becomes 

We thus obtain for the product a determinant of order n. We 
may say that, in the resulting detenuinaut, the element in the 
row ana column is obtained by multiplying the elements in 
the row of the first determinant severally by the elements in 
the row of the second, and has the expression 
+ a*2^<a 4 - (ti^nbin , 

and wo obtain other expressions by transforming either or both 
determinants so as to read by columns as they formerly did by 
rows. 

Itemark,' 'In particular the square of a determinant is a de- 
terminant of the same order (2»ii022^83 ••^nn) such that ; ^t 

is for this reason termed symmetrical. 

The Adjoint or Heciprocal Determinant arises from A =(011022^22 
. .ann) by substituting for each element out the corresponding minor 
Am ao as to form D = ( A11A22A2S .A,m)- If we form the product 
A.D by the theorem for the multiplication of determinants we 
find that the element in the row and column of the product 
is 

a*<Afl + ajksAa 4 - ... 4 - a^nAin , 

the value of which is zero when k is difierent from i, whilst it has 
the value A when k=^i. Hence the product detenuinaut has the 
princi()al diagonal elements each equal to A and the remaining 
'elements zero. Its value is therefore A” and we have the identity 

D.A = A“ or D = A"“^ 

It can now be proved that the first minor of the adjoint deter- 
minant, say Brt, is equal to A***"a„. 

From the equations 

aiia 5 i 4 -oia!B 24 -aisa! 2 + ... =fi , 
a 2 i*i 4 a 23 » 24 'a 23 a%i 4 - 
a 3 iiet 4 ‘as 2 ^ + a 22 Zi 3 4 ‘ .=^j, 


In genml it can be proved that any minor of order p of the 
adj&t is equal to tlie complementaxy of the corresponding minor 
of the original multiplied by the power of the original 

determinant. 

Theorem , — The adjoint determinant is the n ~ power of the 
original determinant The adjoint determinant will l>e seen sub- 
sequently to present itself in the theory of linear equations and 
in the theory of linear transformation. 

Determinants of Special FV?ms.— It was observed abo^e that 
the square of a determinant when expressed as a determinant of 
the same order is such that its elements have the property ex- 
pressed by One^^aki, Such determinants are called symynetneaL 
It is easv to see that the adjoint determinant is also symmetrical, 
viz., suen that Am^Am, for the determinant got by suppressing 
the i** row and column differs only by an interchange of rows 
and columns from that got W suppressing the kf*^ row and 
column. If any symmetrical detenuinunt vanish and be bordered 
as shown below 


1 A B 1 

1 flu 0x2 flis \ 

1 C D 1 

1 1 fll2 “22 “23 ^ 

brevity. 

1 i fll2 “28 “as ^8 

, \ \ • 


we derive 


and thence 


AaJi “ Anf 1 4* -f Asifa + . . . , 

A2:2^Ai2fl4‘ A22$2 4' A92(8-f ... , 

Aais~ Ai3^1 + A23(24- A^3-)- ... 9 


A"“*fi = Bii Aaii 4- B12A292 4- BuAais + . . . , 
A**~^$8se B2iAasi + BttA2S2 4- B28Ases -I- . . . , 
A *'*~^^3 ^ BnAa^ + BssAois 4 * BjjiAaiii 4 * .. . | 


and comparison of the first and third syatema yields 
Br«s“A"-^ 


it is a perfect square when considered as a function of Xj, X„ X3. 
For since AjxAgs- A^=: Aa^g, with similar relations, wo have a 
number of relations similar to A||A22=Af2, and cither An= 
4 $J{ArrA„) or - iJ(ArrA„) for all different v alue.s uf r and s. 
Now the determinant has the value 

{XJ Ajx 4- X* A32 4* Xg A33 4 2Xj{X2A^ 4 2X3X2 Agj H 2X1X2A22} 

= -2X;Arr~2SX,.XgAra in general, and hence by substitution 
db {Xi Axi 4* X3 i^Ajgj 4- 4*Xn\/A»n}®. 

A skew symmetric determinant has and -a^ for all 

values of r and s. Such a determinant when of uneven degree 
vanishes, for if we multiply each row^ by - 1 we multiply tbe 
determinant by (-1)**= -1, and the cflert of this is otherwise 
merely to transpose the detenninant, so that it reads by rows us 
It formerly did oy columns, an operation which we know leaves 
the detenninant unaltered. Hence A=-A or A = 0. When a 
skew syniTiietnc detenninant is of even degree it is a )»erfect 
square. This theorem is duo to Cayley, and reference may be 
made to Salmon’s JIujhcr Algchraj 4th ed. Art. 39. In the case 
of the determinant of order 4 the square root is 

AJ2A34 - AjjAjj* 4- Aj^Agg. 

A skew determinant is one which is .skew symmetric in all 
res|)ects, except that the elements of the leading diagonal are 
not all zero. ‘ Such a determinant is of imjiortauce in the theory 
of orthogonal substitution. In the theory of surfaces we trans- 
form from one sot of three rectangular axes to another by the 
substitutions 

X= aaj-f by-\- c:, 

Y =^a'x’¥h'y-\-c'z^ 

Z = a"a; + £»"y4-c"s, 

where X’** 4 + Z® = a^* + j/® 4- c*. This relation im plies six equations 
between the coefficients, so that only three of them are independ- 
ent. Further we find 

r=aX4-a'y + a"Z, 
y=ftX-f 6T4-6% 
s=cX + c'Y4-c"Z, 

and the problem is to express the nine coefficients in terms of three 
indepenaont quantities. 

In general in sxiace of n dimensions we have n substitutions 
similar to 

Xi = a-nXi 4- -f 4* flirt®,, , 

and we have to express the «'** coefficients in terms of 
indexiendeiit quantities ; which must bo possible, becau.se 

X|4*XS4-...+X»~aj}4-®;+®54-... kxl. 

Let there be 2n equations 

*l = ^ll^l4-i»j2f2 + ?lrf3*f' » 

s^=^ai^i4-i23€2 + ®i»684*. , 

Xi = filial 4-621^3 4- ^31^8 4- 

X* = ^2^1 + ^22f2 4ts2f8+* •» 

where and &«= for all values of r and s. There 

then Jn(a 1) quantities Let the determinant of the s be 
Aft and Bw, the minor corresponding to can eliminate 

the quantities and obtain n relations 

AgX] (2Bii ~ Atla?! 4- 2B2i®3 4 2B32aj -I- . 

AfrXgs 2Bi2a:i 4(2B22“‘ AftlaigH 2Bgga^+..., 
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and from these another equivalent set 

s= (2H|] — + 2Bj2Xg*h 21)19X3 + 

AftOa * 2 B 3 ,X, + ( 2 Ba - A^^Xa + 2 B, 9 X, + 


and now writing 


2 B«. 2 Brt 

Aft Aft 


= ««» 


we have a tranefonnation which 18 orthogonal^ beoauee 
and the elements au, arc functions of the ^n{n ~ 1 ) independent 
quantities A We nia^' therefore form an orthogonal transfonna- 
tion in association with cvoiy skew determinant which has its 
leading diagonal elerueiits unity, for the ^{n ~ 1 ) quantities h are 
clearly arbitrary. 

For the second order we may take 

^‘= i -M i 


and the adjoint determinant is the same ; hence 

(l+X«)aJi = (l-X«)Xi+ 2XX2, 

( 1 + X«)a ;2 ^ - 2 XXi + (1 - 

Similarly, for the oi-dor a, wo take 


and the adjoint is 


1 V-fA 

1 X 
M-X 1 




1 fX* v + X/a -/A + Xv 
+ X/Lt 1 -H \ + fAV 
/a f Xi» - X H /iv 1 + 


leading to the orthogonal substitution 

A*aJi~(l +X^~At“--i^''*)Xi +2i»» + XAt)Xa + 2{ - /a + Xi^)Xa 

A 6 ir^= 2 (XAt-i^;XA + (l+/Aa + 2 (/ii» + X)X 3 

AtaJasc 2 {\p + fx)Xi H 2 (/ii^-X)X 2 + (l-t-i'‘**’'X®-/A“)X 3 . 

Functional dtterminanis were tirst iiivestigatcil by Jacobi in a 
work De Dcierminantibm ?\mci%niiol%bun. Siipitose n dependent 
variables i/j, y^.,,yni each of which is a function of n independent 
variables ojj, 2Ba,...a!,„ so that uuu jj«). From the dilfer- 

eiitial ooeilioiouts of the ;/’h with reganf to the x'b we form the 
functional determinant 


tion ; but if A vanishes the Muations can be satisfied by a system 
of values other than zeros. For in this case the n equations are 
not independent since identically 

Aim/i+A 3 ^/ 9 + ... + 

and assuming that the minors do not all vanish the satisfaotion 
of n - 1 of the equations implies the satisfaction of the n^. 
Consider then the system of n - 1 equations 

Ogiarj + 0323 ^ + . . . + oansen 0 
OgiXi -h a^ + . . . + OsnaJn = 0 

+ Uiia »9 + • • • + == 0 , 

which becomes on writing -'-y,, 

Xn 

« 9 iFi + «»ya+ ..+aa,«-iy»-i + O 9 n = 0 
^ 91^1 + tt 99 y 2 + • . . + U 3 ,M~l 2 /n-l + Osn = 0 


®iiiyi * 1 * ^, 132/2 + • + 0 ,ntH—iVn-\ + <*#,» — 0 . 

Wo can solve those, assuming them independent, for the n~ 1 
ratios ya, ...yn-i. 

Now 

AjI + ^Ai 2 + . . . + UanAin “ 0 

O3I Aji ■+* U93A1.2 + . . + USfiAjn = 0 


OnlAii + UnsA^a + . 4 * UfinAiffi — 0 . 


and therefore, bv comparison with the given equations, aj|S=/jAn^ 
where p is an arbitrary factor which remains constant as % varies. 

Hence y<= whore An and Ain aro minors of the complete 

Ain 

determinant (%ia32...ann). 


® 2 l ®99 •• ®a»<-l 

a9»<+i 

...flan 

®8l ^Sa 

«8»*+l 

. ‘ftSn 

ftl an9 . 




«ai “aa •• 

•«*ai n-l 



«8i ®8a • 

•asjn-l 



«nl Ofa .. 

• C^ftftt-l 





^i/n f\t/n 
()x^ ax,^ 

If we have now variables 


cOyi ay, 
dxi 

K— - 

I 


OXi 


9 yi 

(iXn 


=z(UvV>h yn\ 

\x^, .C 9 , ,,XnJ 

for brc\ ity. 


ay« 

Sv 

r such that s«= 0 .(yi, y3,.--y»)» wo 
have also aja,. Xnh and wc may consider the three de- 

terniiiiants 


( ?/,i I/ai J/n \ / * 3 , ..."w j I - 1 , * 3 , . sin \ 

U'j, X,j^ ..iCn/* \?/ji yji //«/ \^i ^ 2 * • *«/ 


Forming tlio ]>roduct of the first t>^o by the product theorem, 
wo obtain for the oleniont in the 'a'* row and column 

S^i dxt Sf/^j oxjt'*' ^d//„ SST’ 

which is the {lartial ditlereutial coefiicient of s/ with regard 
to Xk, Hence the product tlieorom 


/ Z* 2 i Zn Jj yii ysi Su Sa,.-- 5 ;n \ . 

\yi, ya. • ?/«/ \«i, J!ai \« 1 . «ai • »*«/ ’ 


and as a particular case 


(Vi* 

Fa.- 

•yn\ 

/sri,.T 2 ,. a:, A 

\ 3 !j. 

X^y 

XnJ 

Kyny^^^Vn) 


Theorem . — If the functions y^, y3,...yn be not independent of 
one another the functional determinant vanishes, and conversely 
if the detenu iuaut vaiiibhos, y^, yy, . . y« are not independent func- 
tions of sTj, x^y . avi* 

Linear Equations . — It is of importance to study the application 
of the theory of determinants to the solution of a system of linear 
equations. Suppose given the n equations 

f\ = **11^1 aiv^j + + ai„a:n = 0, 

/a = a 2 |a;j + a*xPH + • • • 4 * = 0 » 


/« = «tilJBi+'^S|A 2 +. . 4 -am,aJn = 0 . 

Denote bv A the determinant (aiia«...ann)- 
Multiplying the equations bv the minors Aifi,A^,...AMfi re- 
spectively, and adding, we obtain 

•{/^(ui^AifA 4 * 03 ^A 3 ^ 4 * . • t 4 * Awp.) = ac^ A as 0 , 

since from results already mven the remaining coefficients of 
2)3, . .ay.i, a;iui.fi, ...ain vani^ identically. 

Hence if A does not vanish a^sa^=,..=a ^=;0 is the only solu- 


or, in words, y< is the quotient of the determinant obtained by 
erasing the column by that obtained by erasing tlie 
column, multiplied by ( - 1)*+". For further information concern- 
ing tlie compatibility and independence of a system of linear 
equations, see Gordan, Vorlesunyen ilher InvarvanteiUheme. Bd. 
1 , § 8 . 

Resultants . — When we are given k homogeneous equations in k 
variables or k non-homogouoous equations in A; - 1 variables, the 
ec^uations being independent, it is always possible to denve from 
them a single emiation^R=:0, where in R the vanables do not 
appear. R is a function of the coefficients which is called the 
** resultant” or **oliminant” of the k equations, and the process 
by which it is obtained is termed ** elimination.” We cannot 
combine the equations so as to eliminate the variables unless on 
the supposition that the equations are simultaneous, i.e., each of 
them satisfied by a common system of values ; hence the equation 
R~0 is derived on this supposition, and the vanishing of R ex- 
presses the condition that the equations can be satisfied by a 
common system of values assigned to the variables. 

Consider two binary equations of orders m and n respectively 
expressed in non-homogeneous form, viz. 

/(«) = 4 - a^-^ - . = 0 , 

0 (aj) = 0 = 6 oaS" -djos" "^ 4 - 63 !B” . .=: 0 . 

If ai,eu,...am bo the roots of /srO, ft, ft, ..ft the roots of 0=sO, 
the condition that some root of 0=0 may cause / to vanish is 
clearly 

Rr.^=/(ftlAft)-./(W=:0; 

so that is the resultant of ^ and 0, and expressed as a function 
of the roots, it is of degree m in eacli root ft and of degree n in 
each root a, and also a symmetric function alike of the roots a and 
of the roots /8 ; hence, expressed in terms of the coefficients, it is 
homogeneous and of degroe n in the coefficients of /, and homo- 
geneous and of degree m in the coefficients of 0. 

JBx. gr. 

/ssaoa 5 *-ai»+a 3 = 0 , 0=692^- 61*4-63. 

We have to multiply Oo/ 9 J -Ojft -i-aj by a^l -aift4-a9 and we 
obtain 

alPin - «o*»x 03 !A+/ 3 i^S) +« o« 8 (/ 3 I +/?!) + 

-ai«s(A+ft)+aS, 

where 



and clearing of fractions 

(0963 - 0363)* 4 - (0163 - A|ft)(ax63 - 0361). 
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We may equally express the result as 
or as 

n(a.-ft)«0. 

«»* 

This expression of R shows that, as will afterwards appear, the 
resultant is a simultaneous invariant of the two forms. 

The resultant being a product of mn root dilferonces, is of 
degree mn in the roots, and hence is of weight mn in the coefficients 
of the forms ; the sum of the suffixes in each term of the re- 
sultant is equal to mn. 

HesuUant JCac^essible as a Determinant , — From the theory of 
linear equations it can bo gathered that the condition thatp linear 
equations in p variables (homogeneous and inde})eiident) may be 
simultaneously satisfied is expressible as a determinant, viz., if 

Oajaji-f ajB®a+ ... + tt5j,ajp=0, 


be the system the condition is, in determinant form, 

in fact the determinant is the resultant of the equations. 
Now, suppose /and ^ to have a common factor a; -7, 


fi and 0, being of degrees 7?i- 1 and n-1 respectively ; w'o have 
the identity ^(ajy(a!)e=‘/,(a*)0(aj) of degree m+n- 1. 

Assuming then to have the coefficients B,. B^, . B^ 
and /] the coeilicionts Ai, Am, 

we may equate coefficients of like ])Owcrs of x in the identity, and 
obtain ra-f 71 homogeneous linear equations satisfied by tlio m-\-n 
q^uantities BjyBj, ..H,,,Ai,A3, Am. Forming the resultant of 
these equations we evidently obtain the resultant of f and 0. 

Thus to obtain the resultant of 

/= a^ -f + 03, 0 = h(fx^ + hiX + 


we assume the identity 

(BoiJ -f Bi)(flfoiB* + h = (Aoa^ 4- A, as + A^{h^ + h^x 4* 63), 

and derive the linear equations 

“ Ao^o =■ 0, 

B(j<i2 4“ Bj^/q A(^i ~ Aj^o 0, 

BQa3 4" B^flfi *“ Ag&3 ~ Aj/^j *“ A^q “ 0, 

BqOj 4- Bjrtj — A 263 — A,^>i 0, 

Bi^y — A363 S” 0, 

and by elimination we obtain the resultant 


Oq 0 ?■>() 0 0 

Oo h h 0 

a^ Ui 2*3 

O3 ct3 0 2>3 6] 

0 rtj 0 0 65 


a numerical factor 
being disregarded. 


these equations involve the m powers ai®, ar, sr^, ... of*, and 
regarding those as the unknowns of a system of linear equations 
the resultant is reached in the form of a doterminaut of oi^er m, 
JCx. gr. Put 

(tfo®* 4- ttx»® 4- 038 ! 4- “ (^e*'** + 4- 4- Oj) 

f 62* f 2/3) = 0 ; 

after division by * - the three e(|uations are formed 

ajb^ + a^hiX + = 0, 

CToftia;® 4- + «i^i ~ + - «A~ 

flfo2>a«* 4- (0163 - ajii^)x 4 - a>Jii = 0, 

and thence the resultant 


a^>Q 

which is a symmetrical determinant. 

Case of Three Vartahhs . — In tlio next jHace wo consider the 
resultants of three homogeneous polynomials in three variables. 
Wo can i)rovD that if the three equations be satislied by a system 
of values of the variable, the same system will also satisty the 
Jacobian or functional determinant. For if 74, r, w bo the poly- 
nomials of orders 7/4, it, p respectively, the .loeobiau is ({/.j V 2 
and by Kuler s theorem of lioniogeneous functions 

*7/2 +ywa — 

XVi 4-yr3 4 S<.j “7174 
XlOj 4* yi /'3 4- tw'g - pir ; 


denoting now the reciprocal determinant by (Uj V3 Wj) we obtain 
Ja*=77i74ljj-|-7t7A’2 4*p7/»VV'i ; J//= , J:r=. , and it appears that 

the vanishing of w, r, and w implies the vanishing of ,1. Furlher, 
if m^n=^p^ wo obtain by ditferentiatiun 


J — - 
cx 


/ fill,, avj^ 

I ( 74 A— I- ^ 4- 7 
\ VX CX 




=(«i- i)j+?»i 

rijj 


(■' 


C’JJ cx cx 

ai 


)■ 


Hence the system of values also causes to vanish in this rase; 

and by symmetry and also vanish. 

The proof being of general aupheation we may state that a 
system of values w'liich causes tne vanishing of A* polynomials in 
/ variables causes also the vanishing of the Jacobian, and in 
])articular, when the forms are of the same degree, llie vanishing 
also of the differential coefficients of the Jacobian in leganl to 
cacli of the variables 

There is no difliiuilty in expressing the resultant by the 
method of symmetric functions. Taking two ot the equations 


ax"* 4 (by 4*C3)*”»~’ 4* . . =0, 
a'x” ^ (oy 4- c's).r"“ M - 0, 


This is Euler’s method. Sylvester’s leads to the same ex- 
pression, but ill a simpler manner. 

He forms 74 equations from / by separate multiplication by 
*n-i, . a?, 1, in succession, and similarly treats 0 with m 

multipliers *, 1. From those 7/1 4- » equations he 

eliminates the 7744-71 jiowers sb»"+"” 1, 1, tmiating 

them as independent unknowns. Taking the same example as 
before the process loads to the system of equations 

+ a.^^ + ajflB =0, 

440.7!“ 4- 442®^ + <*2® i’ 
bf ^^ 4- 2/2*“ 4- 63 *® - 0, 

2»oa5“4-6ia!*4-ft8aJ ~0, 

fcoa!®4 biX -]- b 2 =-0, 

whence by elimination the resultant 

Oq 4/2 a3 4*3 0 

0 44(1 <42 443 /Ig 

2*0 2*2 ^9 ^ ® 

0 2>o 2*1 2>a 0 

0 0 2*0 2^2 2>3 

which reads by columns as the former determinant reads by 
rows, and is therefore identical with the fonuer. Bozont^s 
method gives the resultant in the fonn of a determinant of order 
m or 74, according as tti is 5 74. As modified by Cayley it takes 
a very simple form. He forms the equation 
/(*)0(*') ~/(aj')0(*) = O, 

which can he satisfied when / and 4> possess a common factor. 
He first divides by the factor reducing it to the decree 

771- 1 in both * and *' where 77i>74 ; he then forms 774 equations 
by equating to zero the coefficients of the various powers of *' ; 


we find that, eliminating *, the resultant is a honiogcnoous 
function of y and z of degree vm ; e([uating this to zero and 
solving for the ratio of y to z w’O obtain 77777 solutions ; if values 
of y and 2, given by any solution, be substituted in each of the 
two equations, they will possess a cuiiimon factor which gives a 
value of X which, combined with the chosen values of y and 2, 
yields a system of values wlnoli satisfies both equations Hence 
in all there are 7^74 such systems. 11, therefore, we have a third 
equation, and wo substitute each system of values in it succes- 
sively and form the product of the mn expressions thus fonned, 
wo obtain a function which vanishes if any one system of values, 
common to the first two equations, also satisfies the tim'd. 
Hence this product is the required resultant of the three 
equations. 

Now by the theory of symmetiic functions, any symmetric 
functions of the mn values which satisfy the two equations, can 
be expressed in terms of the coefficient of those eimations. Hence, 
finally, the resultant is expressed in teniis of the coefficients of 
the three equations, and since it is at once seen to be of degree 
77174 in the coefficient of the third equation, by symmetry it must 
be of degrees np and pm in the coefficients of the first and second 
equations respectively. Its weight will be mnp (see Salmon’s 
Uigher Algebra, 4th ed. § 77). The general theory of the 
resultant of k homogeneous equations 111 k variables presents no 
further difiiculties when viewed in this manner. 

The expression in form of a determinant presents in general 
considerable difficulties. If throe equations, each of the second 


degree, in throe variables be given, wo have merely to eliminate 
the six products *®, 7/*, 2®, yz, zx, xy from the six equations 

t4 ss 747=?^=?'^= 5*^ = 0 ; if we apply the same process to these 
cx (ly vz 

equations, each of degree throe, we obtain similarly a deter- 

8. 1. — 36 
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minant of order 21, but thereafter the process fhils. Cayley, 
however, has shown that, w hatever be the degrees of the three 
eauations, it is possible to represent the resultant as the quotient 
of two determinants (Salmon, La, p. 80). 

— The discriminant of a homogeneous |K)ly- 
nomial in k yariables is the resultant of the k ]x>lynoniials formed 
by differentiations in regard to each of the yariables. 

It is the resultant of k polynomials each of degree m-1, 
and thus contains the coedicients of each fonii to the degree 
hence the total degrees in the cooflicients of the k 
forms is, by addition, ; it may further be shoi^n that 

the weight of each term of the resultant is constant and equal 
to m{m- 1)*”* (Salmon, Le, p. 100). 

A binary form which has a square factor has its discriminant 
equal to zero. This can bo seen at once because the factor in 
question, being once repeated in both diiferentials, the resultant 
of the latter must vanish. 

Similarly, if a form in k yariables be expressible as a quadratio 
function of 1, linear functions Xt, Xj, .X*, j, the coeHicients 
being any {lolynomials, it is clear that the k diiferentials have, 
in common, the system of roots derived from X, = Xj = . = ~ 0, 

and have m consequence a vanishing resultant. This implies 
the vanishing of the discriminant of the original form. 


EjytreBsion in Terms of Roots , — Since x if we take 

any root yi, of and substitute in mf w'c must obtain 

Vi(^^ ; hence the resultant of and / is, disregarding 

\oy/*^*i cx 


numerical factors, 2 /iya...y «-3 x discriminant of /= ao x diset. of/. 
Now 


/= (ajyi - Xiy){xyn ~ a?ay) . ( xy ^ - a*,»y \ 


iix 


= Syi(a‘y2-a52y) 




and substituting in the latter auy root of/ ami forming the pro- 
duct, we find the resultant of /and viz. ; — 

( jj 


ViVt • - •'*2yi)®(-»iy3 - sc.»yi)-’. .(^i-yi - 

and, dividing by yiya y^, the discnminaiit of /is seen to be 
equal to the product of the squares of all the dilfereneos of any 
two roots of the e(iuation. The diw’riminaiit of the product of 
two forms is equal to the product of thoir discriminants multi- 
plied by the square of tlieir resultant. This follows at once 
from the fact that the discriminant is 


n(a, - a,)«n (/SI, - fi,f iri(a, - A)}«. 

Referenees for the Theory of iMermmants — T. Muin's ** List of 
Writings on Determinants," Quarterly Journal of Mathematics^ 
y. 18, pp. 110-149, Octol)er 1881, is the most important biblio- 
graphical article on the subject in any language ; it contains 489 
entries, arranged in chronological order, the first date being 1693 
and the last 1880. -T. Mum. History of the Theory of Deter^ 
minants, London, 1890.— School treatises are those of Thom- 
BOM, Mansion, Bautl, Mollamt:, in English, French, German, 
and Italian respectively. — Advanced treatises are those of SrOTTis- 
wooDE, 18fil ; Biuosciir, 1854 ; Baltzek, 1857 ; Salmon, 1869 ; 
Trudt, 1862 ; GAiiHiEJir, 1874 ; GOntueii, 1875 ; Dostor, 1877 ; 
BaraniE(;ki (the most extensive of all), 1879 ; Soorr, 1880 ; 
Mum, 1881. 


II, The Theory oi- Symmetric Functions. 

Consider 7i quantities ai, aa, as, . . a„. 

Every rational integral function of those quantities, which 
does not alter its value however the n suffixes 1, 2, 3, ... m l)o 
permuted, is a rational integral symmetric function of the 
quantities. If we write (l-f-ai3*)(l-f oax). .(1-f anaj) = H-ai»+ 
0*3^+.. . rtii « 2 . . ffn are called the elementary symmetric 

functions. 

Oi “ tti I aa + . . f a„ — Saj 
«a aiao -f aia.* + a^as -t- . . = EaiUs 


a„ “ aia.>a:i a„. 

The general monomial symmetric function is 


Sof'oV 

J 3 3 


«S“, 


the summation being for all permutations of the indices which 
result in dilTerent terms. The function is written 


(piyaPs.Pn) 

for brevity, and repetitions of numbers in the bracket are in- 
dicated by exponents, so that (pipips) is written (pfpa). The 


weight of the function is the sum of the numbers in the bracket, 
and the dejnee the highest of those numbers. 

Me, gr^ The elementary functions are denoted by 

(1), a«), (!•), ... (1*). 

are all of the fir^t degree, and are of weights 1, 2, 8, ... n re- 
spectively. 

Remark,-— In this notation (0) = Sai = (j); (0*)s=Sa?oasB(l) 

((F) ==(«), ko. The binomial coefficients appear, in fact, as sym- 
metric functions, and this is frequently of importance. 

The order of the numbers in the bracket (pijp 9 ...pn) is im- 
material ; we may therefore always place them, as is most con- 
venient, in descending order of magnitude ; the numbers then 
constitute an ordered partition of the weight Wf and the leading 
number denotes the degree. 

The sum of the monomial functions of a given weight is called 
the hornogeneous'product-sum or coniploto symmetric function of 
that weight ; it is denoted by h „ ; it is connected with the 
elementary functions by the formula 

which remains true when the symbols a and h are interchanged, 
as is at once evident by writing - x for x. This ])roves, also, 
that in any formula connecting a., a^ ... with hj^, ^s, ... 
the symbols a and h may be intercliangcd. 

JEx, gr, from A 2 *=af - Oji we derive h^. 

The function being as above denoted by a parti- 

tion of the weight, viz. (PiPa-.Fn)* it is necessary to bring under 
view other functions associated with tlie same series of numbers ; 
such, for example, as 




The expression just written is in fact a partition of a partition, 
and to avoid confiisioii of language will be termed a separation 
of a partition. A partition is separated into separates so as to 
produce a separation of tlie partition by writing down a sot of 
partitions, each separate partition in its own brackets, so that 
w'hen all the parts of these partitions are reassembled in a single 
bracket the partition whicli is separated is reproduced. It is 
convenient to write the distinct partitions or separates in 
descending order as regards weight. If the successive weights 
of the separates be enclosed in a bracket we obtain 

a partition of the weight w which appertains to the separated 
partition. This partition is termed the specification of the 
separation. The degree of the separation is the sum of the 
degrees of the component separates. A separation is the symbolic 
representation of a product of monomial symmetric functions. A 
partition, {PiPiPip 2 p^Pz)~{p\piPs)i can bo se})aratcd in the 
manner {p^%)(PiP 2 ){PiPz)-iPiPsrhhPs\ and we may take the 


general form of a juirtition to bo and that of a 

sejiaration (Ji)'^i(.Ta)’'*(J8)'^® • when Jj, Jg, denote the distinct 
separates involved. 

Theorem , — ^The function symbolized by (?»), viz., the sum of the 
n*^ powers of the quantities, is expressible in terms of func- 
tions which are symbolized by separations of any partition 

of the number n. The expression is— - 

( > . . (i^i-f ya + y3 4 - - 1) 1^^^^ 

•'ll •' 3 I •'si*** 


-2 


(-) 


il+i8+i3+* ’ (jl -I’ » - 1 ) ! 


(J,)^»(.T2)^*(J3y» 


(J,)*'i(Ja)-^ 8 (J 3 )^ 8 ... being a separation of and the 

summation being in regard to all such separations. For the 

particular case . .) = (l"i 

To establish this write— 


1 + /*Xi -f /a*Xa + -f . . . =3 n(l + + /u*®? aJg + • . • ), 

a 

the product on the right involving a factor for each of the 
quantities a^, a, and fs being arbitrary. 

Multiplying out the right-hand side and comparing coefficients 


X] — (l)aji, 

Xa = (2)iBa + (!*)«?. 

X3=^(8)a58+(21)xa®i + (l*)®?. 

X4=(4)«4-H(31)aJ8a?i-»- (2®)a:J (2l“)a5^J + (l^)a5}. 


Xfla ® • • » 


the summation being for all partitions of m. 



283 


ALGEBRAIC FORMS 


Awriliary The coefficient of in the 

^ ji'Ji 


ptodnot 




*1*1- 


whore 


(JjWJeWe)^— M * eepanition of of sjieciflcation 

and the sum is for all such separations. 

To establish this observe the result. 

•- »»>■ 

(8)«i(21)"'*(l®)’*^« ia a separation of of aijccification 

(3^). A similar remark may he made in respect of 

JLv^t i-y^ ... 

and therefore of the product of these expressions. Hence the 
theorem. 

Now 

log (1 + fiXi + /i?Xa + fi*Xa + . . ) 

= S log (1 + futiXi + + ) 

a 

whence expanding by the exponential and multinomial theorems 
a comparison of the cooificieutM of fi** gives 


w2(-) 


1'3+... - 1 (yi + ya + y g- f... ~1)! v, .i n 


yi'y2*>'»h.* 




*^1 h'a 

and, by the auxiliary theorem, any term ... on the 

right-hand side is such that the coefficient of .. in 

^ yMiyMayMa 
Ml J Ma' Ma’ • • "‘I ”**‘^ ”^ * 

%:(sT,y i(Jaya(j, y3... 

^ ji%w • ' 


whore since (rnf^' ® . . . ) is the specification of . . » 

Ml + Mfl + ^ • • • =jfi +ia U*3 + • • • • Comparison of the coefficients of 
therefore yields the result 

, _ ^•i+ya+»'a+ • • •(I'j + Vj + yg + . - 1 ) !,„ , 

'' ^ 




for the expression of Sa" in terms of products of symmetric 
functions symbolized by separations of 

Lot (w)a, (w)*, (?t)x denote the sums of the n'* powers of 
quantities whoso elementary symmetric functions are <ij, ag, a^, . ; 
®i» asa» ^2> ^81 • respectively : then the result arrived 

at above from the logarithmic expansion may lie written 


W«(n),=(w)x, 

exhibiting (n)x as an invariant of the transformation given by 
the expressions of Xj, X^, X* ... in terms of iC], Xg, ... 

The inverse question is the expression of any monomial sym- 
metric function by means of the power functions (r)=Sr- Wo 
have just seen that Sr is expressible in term.s of symmetric 
function products symbolized by separations of any partition 

(rJVjVf.. ) of r. 

Lot this expression be denoted by «(rJVjVj*...). 

Theorem . — It can be shown that 


(_)av-i (pppyp...) 

where 

denotes a separation of and the summation is in regard 

to all such separations. If (J i), ( JJ, ( Jg) . . be of weights ij, ig* • 
it is clear that the product will appear on the right- 

hand side, and that is ft specification of a separation of 

WK*-)- 

■£'». gr. To express (21‘) in terms of power functions. 

The separations of (21») are (i.) (21«), (ii.) (21) (1) ; (iii.) (2) (1«), 
(iv.) (2) (l)s and the corresponding specifications (4), (81), (2”), 
( 21 *). 




jjljaljsi •• ir„!iria...!rjn'iraal 




Hence the products s^, a,Si» V? will appear. 
From the formula 

(21*) =r«(ai8) - a(.gj)3(i) - ^5(s)Stx3) + 

= a4-aa«i-?.95 + ^.V?. 

a result easy to verify. 

Theorem of ReclyrocUy. — If 


VMl Y^^a 




where 8 is a numerical coefficient, then also 


4 


x.x*x? ■= • +«('<■ 


C'“T ■ + 


We have found above that the coefficient of xf^xf^xp 
product XSX;;*XS4 ...ih 


MilMa* M.»' 


2 (J,)Wg)^a(.g^s.. 

Ji'WjV 


in the 


the sum being for all separations of which have the 

specification (mj^bn^b/iy *...). We can multiply out this expres- 
sion so as to obtain a series of monomials of the form “...). 

It can be shown that the number ^ enuin ( rates distributions of 
a certain nature defined by the partitions ), . ), 

(^J’zJ*...) and it is seen intuitively that the nuniher 6 remains 
unaltered when the first tw'o of those partition.s ureinterehaiiged 
(see Combinatorial Analysis). lienee the theorein is < .stah- 
lished. 

Putting a?| = l and as,, 3*4- -^0, we find a particulai law 

of reciprocity givt n by Cayley and Betti, 

(rir'(i”*ni”»)'^. .=^ . .)+ , 

and another by putting ari=:3\=a*3~ . . = 1, for then X„4 becomes 
hmt and we have 


as.ca- = •+'''(»rw )*•■ - 

Theorem of Expressibihty. — “If a symmetric function be sym- 
bolized by (Xao^ ..) and (XiXgXj ..)» fMiMsMj ), ) •• he any 

partitions of X, v, . respectively, the function [Xfiv ) is ex- 
pressible by means of functions symbolizod by separations of 

(XiXgXg. . .MiMsMs. • )• ” 

For, wTiting as before, 

XS.XS^XS.V..-22fi(»rW-. - 

=ZVx‘llx^Ji‘ ... 

P is a linear function of separations of ) of specification 

(wfbn^^/a;;*...), and if ... V is a linear 

function of sojiarations of (^J ) of specification (*f '/ty *. . . ). 

Suppose the separations of (fjVy*/J*,..) to involve k diffi»rcnt 
specifications and form the k identities 

(»=i- •-*> •••*)> 

whore ••) is of the k specifications. 

The law of reciprocity show s that 

p<’>=sj..(f«.7'w2“<“.. ), 

viz. ^ linear function ot symmetric functions symbolized by 
the k specifications ; anfi that 0$t “ 0tf A table may be formed 
expressing the k expressions P^*^ .P**> as linear functions of 

the k expressions 1, 2, and the iiuiiihers 

0M occurring therein possess row and column symmetry. By 
solving I' linear equations wo similaily ex])re8s the latter func- 
tions as linear functions of the fonner, and this table will also be 
symmetrical. 

Theorem. — “The symmetric function ...) whose 

partition is a specification of a separation of the function 
symbolized by is expressible as a linear function of 

symmetric functions symbolized by separations of (^V^/^...) ftnd 
a symmetrical table may be thus formed.” It is now to be re- 
marked that the partition . ) can be derived from 
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by substituting for the numbers 

certain partitions of those numbers {vidt the definition of the 
specification of a separation). 

Hence the theorem of exprcssibility enunciated above. A 
new statement of the law of reciprocity can be arrived at as 
follows : — 

Since 






where (J,)-'i(Ja)''®('Ts)^»... is a separation of of specifica- 


tion placing a under the summation sign to 

denote tlio ^lecilication involved ; 


f-fc 


t t »i 

where 

Theorem of Symmetry, — If we form the 8e])aration function 
^^1 appertaining to the function 


each separation having a specification . ), multiply 

by ••• and take therein the coo/ficicnt of the function 

m*^ m!^ . .), w’e obtain the same result as if we formed the 

separation function in regard to the specification 

multiplied by /uael /and .. and took therein the coefficient of 


the function ). 

=f (31*) ; W’e find 

(21)(P)(1) + (1»)(2)(1) = .4 13(31*)-}. , 
(21)(1)*= ..4-13(321)4- ., 


The TAfferentiaJ Operatora. — Starting with the relation 
(l + aia5)(l 4 o.ja!). .(l-}-a„a;)-l4<iia'4-aj|a!*+...4-ana"" 

multiply each side hy 1 i /ux, thus introducing a new quantity fi ; 
W’o obtain 


(1 4'aiy)(l 4-02aj) (1 4 a„a;)(l -}-fta!)s=l 4-(ai4-/a)aP4-(a2 + /*®i)^*^'l’ • 

so that/(Oi, 0 , 2 , Oj,, . o„)“/, a rational integral function of the 
elementary functions, is converted into 

/(«! 4- g, Oa 4- y/fi, I /4rt„-i) =/ 4- ydjf 4- 2~i ^/ * 

where 

and (ii denotes, not a succ^cssivc operations of </], but the operator 
of Older a obtained by raising fii to the jmwer symbolically as 
in Taylor’s theorem in the Diff. Cal. 

IVriie also -y/j = D, so that 


/(«1 4- |t, Ua + ptii, . . o,, 4- A^Un-i) =/4- /aDi/4* 4- /ii^Dg/+ , 


The introduction of the quantity /a converts the symmetric 
function (X^X^Xs ..) into 


(XjXaX.,4- . )4 -/x^*(X2X3 ..)4-mM^i^3- ••) + •••• 

Hence, iiy( 0 |, Oij, o^n)~(X]Xj|X.| . ), 


(X 1 X 2 X 3 .)-f a*-^i(X 2 X 3 )4-/a^(X|X3 . )4-g^(X^ 

(1+ fil)^ 4 - /a^Da + /u*D 3 4- )(X,X 2 X 3 




)+. . 


Comparing coefficients of like powera of /a w’o obtain 


Dai(XjX 2X3 — (XaXa ), 

while D«(XjX 2 X 3 . )=0 unless the partition (X^XgXg .) contains a 
part a, Furtlicr, if DxiDAa denote successive operations of Dai 
and Das, 

DAiDa3(X2X2X2 ..) = (X3 . ), 


and the operations are evidently commutative. 

Also ) = i, and the law of operation of 

the operators D upon a monomial symmetric function is clear. 

We have obtained the equivalent operations 

1 4* pVj 4* /u^Da 4- 4* = ej^j/udj 

whore ^ denotes (by the rule over eaip) that the multiplication 
of operators is symbolic as in Taylor’s theorem, dj denotes, in fact, 
an operator of order s, but we may transform the right-hand side 


so that we are only oonoemed with the sueoeialve perfonnanoe of 
linear operations. For this purpose write 

df ==0«,4-Oi0«^j 4-aa?«^4‘ ... • 

It has been shown (vide ** Memoir on Symmetrio Functions of 
the Roots of Systems of Equations," Thii, J'rana, J£, 8,^ London, 
1890, p. 490) that 

+ mjrfa + ^ A + » • ) ~ 4- Mjda + Mjda 4- . . . ), 

where now the multiplications on the dexter denote successive 
operations, provided that 

sa!p(Mxf4-Map4-Mj^*4- ...) = 1 -bWif 4* wta?+ «»*?+... , 
f being an undetermined algebraic quantity. 

Hence we derive the particular cases 

«^i=cajp(dj -^ 34 -^ 8 “ ...) ; 

« u 

c^/udj = expiful^ - 4- -/a»ds -...), 


and we can express D« in terms of dj, dg, ... , products denoting 
successive operations, by the same law which expresses the 
elementary function 0 , in terms of the sums of powers Sj, Sg* *8) •** 
Further, we can express d, in terms of D^, I)^, Da, ... by the same 
law which expresses the power function a, in terms of the ele- 
mentary functions Oj, 03 * ^s» ••• • 

Operation of D, upon a Product of Symmetric Funeiimia, — Sup- 
pose/to be a product of symmetric functions /, /a ../m. If in 
tho iaentity/=/i/ 3 .../m we introduce a new root p we change a« 
into a,4-A^«-], and we obtain 

(1 4* /aDj 4* 4- ... 4- /a*D* 4* . . • )^ 

= (l4-/uDi4‘/a*D9 4- ..4-/a*D,4-...)/i 
X (1 4“ /aDi 4 - /a^Da 4- ... 4- /a*D* -f- . . . )^2 

x(r+/aDj4->D9 4-.* 4-/a»Di4- )/«, 


and now expanding and equating coeflicients of like powers of p 
I),/«2:(D,/,)/2/3 ../«, 

I)2/=^(D2/,)/«/8 /m + S(p,/,)(D,/2)/» U , 

D8/=S(D.^,)/2/8 • /m4-2(Da/i)(Dj/8)/3 . /»»*“l‘2(D8/i)/2/3.../mt 


'^cry (listii button of the 
operators of tho type iireseniiug itself in tho term. 

Writing these results 

Pi/“ P(i)/» 

I > 2 /= H(2)/4- D(i2 )/, 

H3/==I>(3)/4-D(2,)/4-Da3)/. 
we may write in general 

D.<»/=SD(pjjjsij% ..)/; 

the summation being for every partition .) of s, and 

lXv\P%Pz ..)/ being = 2 (I)pi/,)(Dj> 2 /a)(Dna/ 3)/4 ./m. 

Aar. gr. To operate with Dg upon (21*)(21^)(1®), we ha^e 

IW= (1®)(21‘)(1®) 4- (21*)(1*)(1*), 
l)(i*)/= (21“)(21*)(1*) 4- (21*)(21»)(1*) 4- (21*)(21*)(1^), 

and hence 


D2/= (21*)(1*)(1*) + (21*)(1«)(14) 4 (21»)(212)(1*) 4- (21»)*(1*) 

4-(21*)(2l2(D). 

Application to Symmetric Function Multiplication, — An ex- 
ample will explain this. Suppose we wish to find the coefficient 
of (62M») in the product (21*)(21*)(1«). 

Write 

(21*)(21 *)( 1 *) = . . . 4- A(52*)( 1») 4- . . . ; 

then 

D3l)Sl);(21*)(21*)(l*)=A ; 

every other term disappearing by the fundamental projierty of 
D«. Since 

D3(21*)(21*)(l») = (l*)(l*)(l*), 

we have : — 


=:A 


where ultimately disappearing terms have been struck out. 
Finally A==6.12=72. 

The operator d. = 000014 * 010094 - 03 ^ 3 4- ... which is satisfied by 
eve^ symmetric traction whoso partition contains no unit (called 
by CJayley non^uwitary aymmctric function$\ is of particular im- 
portance in algebraic theories. This arises from the circum- 
stance that tho general operator 

Xq^oS^ 4* Xi0]002 +■ X909008 4“ • • • 


D}D;(i*)(i*)(i*)=a 


555 ? 

psp? 

DaPJ 


(1*)(1»)(1*)4-2(1^)(1»)(1®)}=A ^ ^ 

5(1»)(1*)(1») 4- 2(1^)(1*)(1) 4- 2(1»)(1*)(1)} = A 
12(1»)(1»)(1 ) 4- 7(1*)(1)(1) 4- 2(1<)(1) 4- 6(1*)(1«)} 


D}12(1)»=A, 
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is tronafomied into the operator di by the eubstitutioii 


(ooi •••)— {®o» •••! ...), 

eo that the theory of the general operator in coincident with that 
of the particular operator dy For example, the theory of in- 
variants may be regarded as depending upon the consideration 
of the symmetrio functions of the differences of the roots of the 
equation 

cfQ*** “ (" + (?)«*»*•“• - • = 0 ; 

and such functions satisfy the diflforontial eqiutmn 

cbjdai + 2aida^ + ^ajba^ + . . 4 nan^jda„ = 0. 

For such functions remain unaltered when each root receives the 
same iniinitosimal increment h ; but writing for x causes 
®o> “i» ^8» • to become respectively ao, aa+2Aai, 

03 +8^02, ... andyi[ao, 03, 03, ..) becomes 

/•^r + 2aj0aj, + 4 • • ■ V» 

and hence the functions satisfy the differential equation. The 
important result is that the theory of invariants is iroin a certain 
point of view coincident with the theory of non-unitary symmetric 
functions. On the one hand we may state that non-unitary 
symmetric functions of the roots of Oosc" - flisr***-' 4- - ..=0, 
are symmetric functions of differences of the roots of 


and on the other hand that symmetric functions of the differ- 
ences of the roots of 

ttoaJ"-(«Ka5— i4-(«)o2aJ"“a-. .=0, 

are non-unitary symmetric functions of the roots of 




= 0 . 


An imxiortant notion in the theory of linear operators in 
general is that of MacMahun’s raultilinmr operator Theory of 
a Multilinear partial Diflereiitial Ojierator with Applications to 
the Theories of Invariants and Recinrooants,” Proc, Lomd, Math, 
tioe.^ t. xviii. (1886), pp. 61-88). It is dohned as having four 
elements, and is written 

(m, v;w, n) 


■I {/*+a0 !T!"“’'“2 + (^-2)“2 '"0 


«n+i 


4-(M+3i-) !“o‘‘^“8 + (TO~ij". 1 ! j !“o 

. • m*8 8\. 

■*'(ir^a)'T!''« “0/^1 


a«+3 


the coefficient of being ^ ojicrators 


“(Aij + ■ • • » «o9ai + l^ua + • • ■ ( 1. 0 ; ^ 1 ) 

ami (1, 1 ; 1, 1) respectively. Also the operator of the Theory 
of Pure Keciprocants (see Sylvester Lectures on the New Theory 
of lieciprocants^ Oxford, 1888) is 


(4,l;2,l) = |{4«g0„j + lOaoai0^ + 6(2(.o«2 + of)0„,+ . } 


It will be noticed that 

(m, v;wi, n)=r/A(l, 9 ;w, n)4-K0, 1 ; wi, ?i). 

The importance of the operator consists in the fact that taking 
any two ox^erators of the system 

(A4, p ; m, 71 ) ; (mS ; T/d, 7i>), 


the operator equivalent to 

(M, V ; 7)1, n)(/l^ v' ; m\ 71 ^) - ; 7n\ wi)(At, v ; 7n, 71 ), 

known as the ** alternant" of the two operators, is also an operator 
of the same system. We have the theorem 

(a*, »' ; P ^ ; 7)A*, 71^) - (/ti', k' ; 7ti)(M, v ; 771 , 71 ) = (/Uj, p^; 77i„ 71^) ; 

where 


-j- 771 - 1 ) ( ~i(Ai 4- v}p) - 4- 7iV») j 

ar (nl - ?l)ph 4- —1- fl^P - » 

7711 =777 ^4*771-1 , 

7tj = 7l'-|-71 , 


and we conclude that oud ** alternation" the operators of the 
system form a ** group.’’ It is thus possible to study simultane- 
ously all the theories which depend upon operations of the group. 


Symbolic Representation of Symtnetric F'nTic^toTM.— Denote the 

a? a* a* 

elementary symmetrio function a, by - , , a ^ pleasure ‘ 

«' .s! s! * 

then, taking n equal to ao , wo may write 

I4‘aia}4-fl3aj»4- ..~(1 4*pia!)(l 4 Puar) . = c*i*=faaa = d“«»= . . 

w hero 




Pifts * 



Further, let 

1 -h hiX 4" 4- . . ‘t- (1 4* 0'i^')(i 4 <7.ji?) 

BO that 


•(If <r,„a:) ; 


1 4*ai<ri4-6f^? 4- ... = (1 4 pi(r,)(l -}-/>g(rj) . s=c®’i«i, 
1 f 4- =fl4 ^ii<r2)(l i p^tr^) 


1 4- 4* a2<r^ 4- ... = ( 1 4- Picr,„)(l + p.2<r,„) .. = ; 

and, by multiX)lication, 

II(l4-ai<r + aa«r*'*4-.. ) = n(l h,jp^+ + 

<r P 

Denote by brackets ( ) and [ J .synmietric fuiutions of fh( quan- 
tities p and o respectively. Thc'n 

l4-«xtl]4-a?[r'»]4*rt2[2j4 I + 

• 'V.h’i J'™] + 

= l + i,(l) + 6}(l») + ^,(2) + AJ(]'';-,-V'3(2])-4 . 

-t b^b^f ■ '• .22n®)+ 

K.xpandiug the right-hand side hy tlie esimncntial theorem, and 
thou expressing the symmetric functions of <rm, which 

arise, in teima of 5i, .. 5,«, we obtain hy com2>arisou witli the 

middle series the^ symbolical repiesentiition of all symmetric func- 
tions in brackets ( ) appertaining to the (|nantiticb p,, p,* P»* • 

To obtain ]>artieular theorems the quantities <rj, 0*2, .Om are 
auxiliaries which are at our entire disposal. Thus to obtain 
Stroh's theory of seminvarumts put 

^i = ®'i 4-^2+ • 4-<r„, = [l]~0 ; 

we then obtain the expression of non-umtai y sMiimotnc function.s 
of the quantities p as functions of diilcrcncch oi the symbols 
»!» a«2» ®3» • 

Ex. yr. with 771^^2 mu.st ho a teim in 

e"’i“i+‘'a“3-e»i(“i-“«)= . +;j\iT}(o, - o...)* + , 

and since hi — we must ha\ e 

= 2ff4- 2ajee.j + rt5 

as IS well known. 

Again, if o’], ctj, <73 . Om be tho 77t, loots of - 1, 

= 5,h-i = 0 and 6^=1, leading to 

1 4- ( w) 4- (7?r) 4* (77t®) 4- = -r o-mam 

and 

. • . (771*) = + + fl^mCtm)*”’, 

and wo see further that (<ria^4 <r2a2 4- \amshe8 identi- 

cally unless mod in. It tn bo iuhnite and 

1 4- ijOJ 4- 4- =(1 4-(ria?)(l 4 ajj*)... = ... , 

we have the symbolic identity 

C^iai 4*03084 0303-1- . _ gPi/3i 4-p*2ftt f ■ • , 

and 

(o jUi 4- OjUa 4* 0303 4- )'' = {piPi 4* pa^a 4- 4- . . )^ . 

Instead of tho above symbols we may use equivalent diffeicntial 
operators. Thus let 

da ^ 4- 2a.>0ttj 4- 3a30a.j + 

and lot a, ft, c, . be equivalent quantities. Any function of 
differences of 67,, 5<., . being formed the expaiisnm being 

carried out, an operand or fto or c„ being taken and ft, c, .. 
being subsequently put equal to o, a iion-uiiitary symmetric 
function wiU bo produced. 

Ex. yr. («„ - di)^(da - =- (ftj - 4- - ftc) 

= aj - 2S% 4 s„dl - sis, -f 2aaMr - 

= 6aj - 4rtafti 4* 2o,ft8 - 2a^i 4-2ajftjCi - 2ft2Ci 
= 2(a| — dcqOa 4* 803) =* 2(8). 

The whole theory of these forms is consequently contained im- 
plicitly in the operation d. 
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8ymn\£tTic FunctioM of Several SysUme of QwtnlUUt , — It will 
Buffice to consider two systems of quantities as the corresponding 
theory for three or more systems is obtainable by an obvious 
enlargement of the nomenclature and notation. 

Taking the systems of quantities to be 

®i> ®a» 

/»«»••• 

wo start with the fundamental relation 

( 1 + ajOP + fty )( 1 + Oga: + 1 + 0,35 + pty) . . 
r= 1 + ttioa* + <*oiy + + . . . + + ••• 

As shown by Schlatli* this equation may be directly formed 
and exhibited as the resultant of two given equations, and an 
arbitrary linear non-honiogeneous equation in two variables. The 
right-hand side may be also written 

1 + -f Zfijy + + S/Jj/Sgy® + • • • 

The must general symmetric function to be considered is 

conveniently written in the symbolic form 

Observe that the summation is in regard to the expressions 
obtained by permuting the n suffixes 1, 2, 8,...n, The weight 
of the function is bipartite and consists of the tw^o numbers 
Sp and Zq\ the symbolic expression of the symmetric function 
18 a partition into bi part s (inultiparts) of the bijiartite (multi- 
partite) number Zp, Zq. Each part of the partition is a bi- 
partite number, and in representing the partition it is convenient 
to indicate repetitions of ])arts by power symbols. In this nota- 
tion the fundamental relation is written 


( 1 + )( 1 + + ^22/)( 1 + tta® /Sjji/) . . . 

- 1 + (iO)x + {bljy -f -H ( 1^0T)j;i/ + (dl«)y* 

+ ( 1 + ( lb«0 i )x^ + ( fO + (6l*)y* + . . 

where in general = Olv). 

All symmetric functions are expressible in terras of the quan- 
tities m a rational integral form ; from this property they are 
tinned elementary functions ; further they are said to bo single- 
unitary since each part of the jiartition denoting involves 
but a single unit. 

The number of partitions of a bi weight into exactly p biparts 
18 given (after Euler) by the coefficuent of aM-xPft in the exitausion 
of the generating function 

1 - tw . 1 - Uj/ . 1 - OJ^ . 1 - a gis , i * 1 - «Lxy^i~dp ^ 


The partitions witli one bijiart correspond to the sums of 
}iower.s in the single system or 11111 partite theory ; they are 
readily expressed in terms of tlie elenientary functions. For 
write {pq'>’=iSf„f and take logarithms of both sides of the funda- 
mental relation ; we obtain 

«io‘C + SoiZ/ = 2:(a,a;-hftj/) 

-f 25 i ,ar// + = S(aj» -+ /J^y)®, &c. , 

and 

"i* ^oiZ/ “■ "b "!"••• 

= log ( J + «jor + rtoi/y I- + + ) 

From this formula we obtain by elementary algebra 


, .^+»-»(p-f-i/~l)» ,Sir-l(2ir-l)! irg 


corresponding to Waring's formula for the single system. Tlie 
analogous formula apperiaiuing to n systems of quantities which 
expresses . m teims of elementary 1 unctions can be at once 
written down 

Jix, (jr. Wo can icrify the relations 


8 -*(/" a -1 .‘la 

JO 10 »t 10 80 


8 — (r n — o ft - n n -fa . 
at 10 «i ao 01 II w ai 


The formula actually gives the exjiressioii of {pq) by means of 
separations of 

(io^'oT'O, 


which is one of the partitions of {pq). This is the true stand- 
])oint from which the th orem should bo regarded. It is but a 
jiarticular case of a general theory of oxpressibility. 

To invert the formula wo may write 

1 + ajofl! + a^iV + . f -f . 

= c.r/> !(«io» + «6i»)-^'»sO®’ + 2*u-e!/+*iBJ/’) + - •}. 


* Vienna Tranaaciionit t. iv. 1852. 


and thence derive the formula — 




-i)ir« (-)*'-> ,1.* 




which expresses the elementary functions in terms of the single 
bi|iart functions. The similar theorem for n systems of quantines 
can be at once written down. 

It will be shown later that every rational integral symmetrio 
function is similarly expressible. 

TAe FuTietion — As the definition of Apg we take 

1 d-Zi-ioaf-l- Agjy .. -hkpgXPy^-i- ... 

1 . 

(l--a>“--fty)(l--ttaa5--^a2/)-*- ' 
and now expanding the right-hand side 




the summation being for all partitions of the biweight. Farther 
writing 

1 + ^20® -f- Agjy -P ... -f 

1 

'”l-aioJB~<«oxy+...-i-(-”)^a/v»V+--- * 


we find that the effect of changing the signs of both x and y is 
merely to interchange the symbols a and A ; hence in any re- 
lation connecting the quantities Apf, with the quantities we 
are at liberty to interchange the symbols a and A. By the ex- 
ponential and multinomial theorems wo obtain the results — 


(-) 






S»-l ( 2 ir)l 


irifiTa'.. 


and in this a and A are iuterchaugcable. 
plql ^ 




Ap^ 


Pilfii! / I P2'y2*- f 


1 

ITiilTg’... 


Differential Operations.-— lit 1*^ the identity 




( 1 -f ai® -f /3i'//)(l + tta® 4- pay) . .(1 + o„® + pnV) 
=r 1 + 4* ttQiy + a.^ 4- ff a®?/ 4 a^^y^ 4* . . . , 


we multiply each side by (1 •4p® + vy), the right-hand side be- 
comes 


1 4- (rtio 4- p)x 4* (aoi 4- v)y 4- . . . 4- {ap^ + AMXp-i.g 4 vap,j-i)®#'y» +...; 
hence any rational integral function of the coefficients a^, aoi, ... 
O'pqt • May/(aio> «oi, ...)^/w converted into 
exp{pd^Q + vd^{)f 


where 

The rulo over exp will serve to denote that A«fio4-vrfoi 
raised to the various powers symbolically as in Taylor's theorem. 


Writing 




c.ip(pd 10 4* yeiffi ) = (1 4- pDjo 4* vDoi 4- . . 4- pPy^Dpg 4- ...)/■ ; 

DOW, since the lutroduction of th e now q uaulities p, v results in 
tho addition to the function {piq^PaH^V^z ••) ol’ the now terms 


WO find 

and thence 

% DpijiDpgjjgDjijjf/a • PiSiPifli ••) = !; 

while Dn/=0 unless tho part I's is involved in/. We may then 
state that is an operation which obliterates one part pq when 
such part is present, but in the contrary case causes the function 
to vanish. From the above is an operator of order py, but it 

is convenient for some purposes to obtain its expression in the 
form of a number of torins, each of wdiich denotes pq successive 
linear operations ; to accomplish this write 


g+i 


and note the .general result, t 

exp 4* + . . . + ^^^’^wg^sg 4- . . . ) 

= (M 13^10 + ^^1*^01 d" •• +Kp/4>»9’1“ •■•) I 

where the multiplications on the left- and right-hand sides of the 


t PAilq Trans, R, & Londont 1890, p. 490. 
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equation are aymbolio and unsymbolio respectively, provided 
tnat mpf , are quantities which satisfy the relation 
exp (Mio{+Mflii|+... + M|,^iy»+...) 

where ( , 17 are undetermined algebraic quantities. In the pro* 
sent particular case putting and otherwise 

Miof + Moiij + . . . + + . . . = log ( 1 + + I'ly ) 

and the result is thus 

exp(p^io+i'^oi) 

= eayp {/udio + vrfoi “ + . . .} 

and thence 

sslog (1 + + •••)• 

From these formulae we derive two important relations, viz. : — 




Sir-l(Sr ~l)v 

iriTir2!...‘'m^W/a 



the last written relation having, in regard to each term on the 
right-haiid side, to do with 2Sir auccosbive linear operations. 
Recalling the formulas above W'hich connect Sp^ and a^, wo see 
that and are in corelation with these q^uantities re- 
spectivmy, and may be s^d to be operations which correspond 
to the partitions (pv) » respectively. Wo might con- 
jecture from this observation that every partition is in corre- 
spondence with some operation ; this is found to be the case, and 
it has been shown (loc, cii, p. 493) that the operation 




(multiplication symbolic) 


corresponds to the partition ••)• The partitions 

being taken as denoting symmetric functions wo have eoinplote 
correspondence between the algebras of quantity and operation, 
and from any algebiaic formula we can at once wTite down an 
operation formula. This fact is of extr(>mo im( rtance in the 
theory of algebraic forms, and is easily roiireseatablo whatever 
be the number of the systems of quantities. 

We may remark the ^larticular result 


( 




= l i 


dp^ causes every other single jiart function to vanish, and must 
cause any monomial function to vani^ which docs not comprise 
one of the x>Artitions of the biwciglitp^ amongst its parts. 

Since 

^ p'r/' 


the solutions of the partial diiTereutial equation are the 

single bipart forms, omitting and >\e have seen that the 
solutions of Dp^sO arc those monomial functions in which the 
part pq IS absent. 

One more relation is easily obtained, viz. : — 

~ "" +1 "i* • • “i* ( “ +« + • • • • 

Theory of Three Identities, — Let 

1 4'aioaj+«oi?/+ +ttpgaj^y*+ .. (I.) 

= (1 H-oiaj-f*j8iy)(l +093; 4-/922/)... 

1 4“ h\igx 4* &oiy 4" • 4- bpqX^y^ 4* ... 

= ( 14 - a^^x + 1 4 - a«>aj 4- fiS^y).. (II. ) 

l4*cioaJ4-ctoiy4-. .4-Cpga!<’y«4- . 

= ( 14 * a?>aj 4 - / 3 ?V )(1 + «?'« + . . (HI. ) 

wherein x and 2/ are to be regarded as undeterminal quantities, 
and the identities as merely expressing relations between the 
coefficients on the left and the quantities a, /9 on the right. 
Assume the coefficients and quantities in the identities I. and II. 
to be given, and the coefficients in 111. to be then determined by 


1 4* ciof 4- Coil? 4- . . . 4* 4* . . . 

asn(X 4- a«5io( 4" PJ>oiV 4* . . . 4- af 4* . . .) , 

{ and 1? being undetermined quantities. 


This assumes that the coefficients €» of III. are certain functions 
of the quantities and coefficients oil, and 11. Denoting sym- 
motrio functions oi the quantities in I., 11., and 111. by [tartitions 
in brackets ( ), ( )i, ( )2 respectiv ely, we find that the assumed 
relation gives— 

C|0 = (10)&20, 

Cqi ~ (2^)^01 » 

C90«(W» + (1O*)6?o, 

~ ^12 > _ 

C2i = (21)t9i4-(i40 01)Aao^ol^ (11 10)«^a^o f (10« 01)ft?o6oi , 

. Ac. . . . . . 

and generally, in the expression of every symmetric function 
of bi weight pq of the quantities in 1. occurs, each attached to the 
corresponding product of coefficients finni the second identity. 
Now 

II(l4-o,&iof4'^,6oiT?4- 4-ttJ'^*jf&p^$^ijff4... ) 

• 

is from II. equal to 

t t 

as can bo seen by piiitiiig ir=-a^, 2/=/3,i7. Hence, from the 
assumed relation and III., 

S log {l + a»£ + /5i*u}=SS log {1 +a^'>'£+/S^«',} ; 

* M t 

and now, expanding and equating coefficients of 
(P/)2=(M)(Ptfh, 

a simple and important conscqiieiiee of the assumed relation. 
It shows that the relation in question is unaltered by intei change 
of the quantities in 1. and 11. in such wise that a, and and 
also Pt and ^re transposed. 

Lot the operations Dp^ refer to L, and the corresponding 
ojierations of II. and 111. be denoted b\ the same symbols with 
the addition of single and double dashes respectively. Write 
the assumed relation in the abbreviated form 

then , 

and 

when performed upon gives 

dp,,u^.=<>Spyv’u^.; 

hence 

and, replacing U by its expression, 

general 

w'hence, regarding the coefficients as functions of the co- 
efficients Cpy only, 

In a precisely similar manner d^^^ = {pq\dp,p and making use of 
the established relation (pg')2=(p?Kp<i)ii 

As a consequence of this, if we regard the assumed relation as 
defining a transformation of the quantity s m III. into either of 
the sets of quantities occurring in 1. and II., the operation 

(pglgd^ 18 an invariant. We can now* derive relations between 

the operations Dp,^ , Dp^ , I)p^ . For 

^v , + Hi ~ + ^Hi + j ■* • 

=£(io)(j' +i,(or)d' - 5 +i;“(02)<i" } + ... , 

and this leads to 

loc (1 + fI>io+ Al + •• +fVl>;„-t • ) 

= S log ( 1 +{o,D' + 17 /SI,D' + +£'VafyjyD",+ ...) j 
and thus to 

• + ••• 

= n(l +fa,D]^+ijAD* + ... +f i 
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and this, when compared with the asiumed relation, oetablishes 
that in any formula connecting the coefficient and we are 

at liV^erty to eubstituto for Cpq and for hpq ; we thus 
obtain a corresponding operator relation ; further, it is similarly 
])roved that, in any relation connecting the quantities Cpg and 
wo may substitute for Cp^ and for 

First Law of Symmetry . — We are now in a position to establish 
certain laws of syinmotry which appertain to the sy^temi^of 
algebraic forms under consideration. The relation (^)2=(f^^*)i 
(pq) shows that any symmetric function in brackets ( ^ may be 
expressed as a linear function of jiroducts, each of which is a 
function ( )i multiplied by a function ( ), and that, moreover, such 
expression is symmetrical in regard to the brackets ( )| and ( ). 

Hence wo may write ^ 

)j 

= ... ) 

+ + • • (A) 


Moreover, any product of the coofficionts can bo expressed as 
a linear function of terms, each of which contains a monomial 
function of the quantities a^, / 5 ii, Oj|, /Jj, and a product of co- 
efficients hpqt so that c may assume 


= * + • (C) 

and it will appear that Ij=:M ; for from (B) can bo derived the 
operator relation 


ITj fTj Pi 02 

I)' ir ..r= •.)!)" ir 

vm >y/j ’•y’a 




and performing each side of this equation upon tho opposite side 
of equation (A) we obtain, after eaneelling o./y®*-*...), 


Pi Pa 

LD" ir 

Vi 


)o - j i/‘ 1 P (jY/ ■ )i 

veil V'JJi 


By a similar pin«-ess, in whndi equation (C) ^'places (B), we find 
M=il and hence 1j--M and the equations (B) and (C) indicate 
with L = iM a law of sy mine try. Wo may say that in j(B) the 
interchange of the jiartitioiis 1^272^® )» ft'A®**** ) 

leaves the iiumhi*i L unchanged. To explain the nature of the 
thdoreiii lhat has heeii e.stablishisl, recoin se must he had to the 
notion of a separation <»f a jiartition of given speciiieatiuu ; the 
definitions of tln‘.se, terms have fioeii given above in respect of a 
single system of quantities and the analogous definitions, in 
ros|KHJt of heveial systems, >m11 he easily understood without 
further remaiks. AViitiiig the relation (B) in the form 


=.. -t-r/;'*’ /A’ 


,ir, 

^'vi'li veti 


where V denotc.s the eomplete cofactoi of state 

that P la a linear fiiiietioii of symmetric function products each of 
which is a siqiaration of 

and lias a specification 

This a])pears at oiiec by ae.tually forming tlio product 

from the separate e\])rea.sions of • Bet 

be tlm different hpecifif^ations A\hieh appertain to tlio scqiarations 
of 7 .^/'^. ) and let Pp denote the symmetric function pro- 
duct, of spceilieatnm 0 , above alluded to. It maybe seen that 
wlien Psj, Psj^, Psik multiplied out, so as to be exhibited as 
a linear function of monomial functions, the partitions of the 
latter are all drawn from the series f/j, and wo may write 

Ps, = Willful + 7/4 iA - f . + mu02 , 

Ppjj ” 4 * . . . + , 

f ... + IflUi^K , 

the quantities m being numhers. 

The law of symmetiy, that has boon found, may now be stated 
in tho form 

viz., the determinant of the above relations is symmetrical. Wo 
may say, in regard to any monomial function (rpri#*i rj^...), that 
if be the monomial functions, whoso partitions are the 

specifications of the various 8 C|iarations, tho coefficients of the 


monomial $g , in the development of the aeaemblage of aeparationi 
P^, is equal to the coefficients of the monomial dr in tho develop* 
ment of Pf,. 

By solving k linear equations we obtain 

di=giiP^j+/iiaP^j4* ... +/4uPssi 

da /laiPsj + A*a2Ps, + • • • + A*«Ps* » 

^*=MjuPsi + MAaPs2+ ••• +/***Psfc » 


and the determinant of this system is also symmetrical since 
tir,=/igriH a necessary consequence of mtr=^ 7 nn. We can evidently 
form two symmetrical tables in connexion with every partition 
of a multi^iartite number. 

Tho last system of equations involves an important theory of 
oxprossibility ; for any one of the monomial muotions d is ex- 
proBBod by a partition which is the Bpociheation of some separation 
of 

(VjPira^. .), 


and this implies that the parts of the partition of d can be 
partitioned into jiarts the aggregate of which is identical with 
the parts of {r-iR^P^ r^^.. ). Hence the theorem of expressihility. 
If tho parts of the pailition of a monomial function d bo parti- 
tioned in a 7 iy manner into parts, w^h ^lon all assembled in a 
single bracket are represented by (ris/i the symmetric 

function d is expressible as a linear function of assemblages of 
separations of the function 


We may write the relation (ptf)2=(jM</)(pg')i in tho form : — 


► { - ^ ) L"‘i 




,s»-l( 2 >r - D' 


i 7 t\ lira 




If wo o.Kpress the quantities Cp^ in terms of the quantities bp,^ and 
®i > ft » » / 32 1 symmetno function products wliich multiply 

them, necessarily separations 

of ‘Oi fl-od the result of comparing tho cofactors of 

sides, will be tho expression of {pq) by 

means of separations of {pxq-f^ 7^27*/“ )• 




be any Kupaiation of a given })iirtitioii of [pq) ) tlio cumparhson 
yu'hls the result 


(•>) 


iir-K^TT 




the summation, on tho rigljt, ha> lug reference to every separation 
of the given ]>artitJon of [pq). This result, when applied to one 
part symmetric functions ot n systems of quantities, is the furthest 
generalization of Wanng’s formula cunnocted with sums of powers 
that has yet been made. Tho inverse formula, for the expression 
of any monomial function by mi^axis of one-part functions, may bo 
written 

where 


is any separation of . ), the summation is in respect 

of all such sejiarations, and sj denotes the one part function of 
tho same weight as the monomial (J). 


Second Law of Symmetry , operation 

th^ miiltiplicatiou of linear operations being symbolic, and 
.) being a partition of [pq)^ may be said to have the 
weight pq ; if the ojierand bo of the same weight the operator 
is clearly equivalent to 


and thence. 




rfV* »! ira 

^PiQrmt ®JPi 7 i®Pa 92 ' ■ ■ 


iriliTg!... 


Now, from t*be three identities L, II., and III., we have 
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ftnd tho corresponding operator relation 

1 . + PD«‘D«‘ 




1P| IT, 

"d' d' .. 
‘ Pltfi Ps8t 


where P consists entirely of aymmetrio functions of the quuntitios 
appertaining to the first identity. Assuming now a relation 

and employing upon its left-hand side the right-hand side of tho 
operator relation and vice vered, wo obtain the result P=Q, shou- 
ing that, in the relation 

... + + •••. 

we are at liberty to interchange tho jMirtilions 

and ' 

TAtrd Zauf of i^ymmeity, — From the relation 


to which corresponds 

IV ‘ d"’ . . = ... + LD®' D®* + , 

rivi mi ’'2«'a 

wo obtain by the usual process 

involving an inroresiing law of reciprocity which has been dis- 
cussed in tho Moiuoirs referred to. 

Linear Separation Operations, — A monomial function is ox- 
prossiblo as a linear function of separations of any one of the 
partitions obtained by partitmimient of its parts (see ante). In 
particular the partition (10'* 01^) nan bo thus obtained, from any 
monomial of weight pq, and thence wo find that tho latter is 
expressible in terms of the elementary functions, since every j^o- 
duct of these, of weight p</, is in fact a separation of (10^ ol*). 
The linear operations d^, as above defined, are suited to operate 
upon such cx])res8ions, hut are not at present adapted tojoperands 
associated with a separable partition other than (10^ 01^). Let 
tho separable partition be 

and of this let any separation be 


(Jj), (J2)}... being tho distinct factors that may occur. Then 

the summation being for all the factors (J) that 

miw present themselves. 

Let the general expression of (J) he 


then, since 


we obtain 


I »r,., J . 

, /H-Kr+t-D'j 

(-) — Fir— 

— c _ i-p ■ ' — {-'PjzDl. _ ijpioppoi 

r+.-l(r-(,- 1)1 

(-) 


NTi'S;? 5p-i rsp-i)' — — d 

P O' 

the summation being in regard to e\ ery distinct factor (J) that 
may present itself in a 8e|>ar^ion of the given separable partition, 
and to every partition (10^w01^»...) of the weight re of the given 
linear operator drt. 

Reganling pg^,.. as constant write 
<r ^ 

and tho operator relation becorach 


r+--l(r + s-l)« 

(-) «ri 


2 (-)**’~VSi-1)' 
^ P»!Poi' -Pr,.,! •• 




the summation nowr being in regard to every partition (lO^w 01^. . ) 
of the Observe that dn is a linear weight operator ; 

that is a linear |>artition operator; and that we 

have expressed the weight operator as a linear function of tho 
partition operators of tho same weight. Compare 
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(i.) the expression of in terms of the operations Dp, ; 

(il.) the expwmioaof (pj) by means of elementary functions. 
It Will be seen thj^^e same law obtains. 

Ex, gr, du =sd(10 01) - rf(n) 

rfn =(i(ro’ oT) - rf(20 01) - rf(n 10) + rf(iri , , 

arc examples of the expressions of weight linear operators m 
terms of partition linear operators. Tho latter have developed 
expressions such as ^ 


The alternant (“Combination,” “ Zu^anlmensptzung ”), of any 
two partition linear operators vanihhes, and, as a coiiseriuence, if 
d(B) be any two operators and ^ a solution of d(A) = 0, 
d{B) 4 > will also be a solution of the same equation. It has also 
been shown {Joe, eit,) that if a function, expressed in terms of 
separations of a given monomial symmetric function, be caustd to 
vanish by any weight operator, every partition operator of tho 
same weight will also cause it to vauisli. This is u cardinal 
theorem appertaining to tho expression of any function hy means 
of separations of a given partition. 

Ex, gr. Suppose it requisite to express tl^ function (31 01) hy 
means of seijarations of the function raiio'oi); the “law of 
expressibility ’’Jan^c) shows this to In* possible, because (21 01) is 
a partition of (31). Assume 


(31 01) = A(21 10)(01) f B(2T 01)(10) + C(10 01)(21) i- D(2l Fo' 01), 

since tho terms (2^10)(01) clearly cannot present itself. rf^i,doi,dgj 
^ not make (31 01) vanish, because (31 01) involves partitions of 
31, of, and 32 ; but every other weight operator make.s it vanish. 
Selecting djg andj^i wo may make further selection of the parti- 
tion operators d(10) and d(21). Operating then wutli 


~i.- + (01)— J? -f-(21) --^’Lr- + (21 01) 

rf(lO) ^ ^d(lOOl) ^ U{ 2110 ) ^ ^ 

and with 


d(21 1061/ 


+ (10) -=- + (OT)- - — 

d(21) d(21 10) d(2101) 


f(lOOl) L_ , 
d(21 10 01) 


we find A + C~B-i-D=C-fD = A4 B = 0, and thence 


(31 01) = A{(21 10)(0T) - (21 01)(i0) - (10 01)(21) + (21 10 01)} 
There are many ways of showing that A = - ^ ; perhaps tho 

A 

most instnietive is to make use of the relation 0(31=. 

= .. +d(21 10) + . . ; and, performing ' dndd(21 10) on opposite 
sides, 

-(¥l)=.A{(0i) + (011} or A= ' 

A 


It has been seen that a generalization has been made from a 
wreight operator to a }>artitiou operator. The same thing 
obtains wdth respect to tho obliterating operator In the 

case of a single system of quantities it w'as establi.shed that Dp i.s 
performed upon a product of monomial fiinetiniis through its 
various i^irtitions ; we have, in fact, to ))ick out all partitions of 
p in all possible ways from the given product, taking one jiart 
only from each factor of the pioduct ; the component operation 

associated with the partition ..) ofp we may appropriately 

denote by 

)• 

So similarly, in respect of several .systems, we have tho weight 
oiicrator D,,, and tho partition operator 

): 

and wx* have the equivalence 

tho summation being for all partitions of tho weight {loc, dt. § 10). 
Ex, gr, D,g=D(^)_ __ 

Dii = D(10 01) + D(n). 

The conne\ion between the weight operators dp,, Dpy has been 
established; tho corresponding relations between the partition 
operators are important. Tho analogy between quantity and 
o pera tion must be kept in view; with this object denote by 
the expression of $„ by means of separations of 
and by Sp, tho sum of all the monomial sym- 
metric functions of weight pq, Sp, differs from Ap, as will be seen 

8. 1.-37 


p 
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by recalling the definition of h,,. From a previous result we may 
write 

W 

g'l 

Pt9i Past 


^ iriiTj!... 

ir 

which must be compared uith 


=2 


j »■,!»,'. . 

(-)=^'-’(2r-l)!D-i o'* .... 


Pi9i nvs 


Nows JUHt as 


iTi'iTa! . 

Sw = S(Wi'».^'*-), 

NO • )i 

and Hubsti tilting for ... their partition expressions \vo 

obtain, from the quantity relation, the im^iortant formula 




^ ^Vii! •• 
J 




where (J|yi(Jaya .. is a separation of (pj^i ^ ); so in the 
o)>erator relation, by substituting for the weight oiierators their 
expressions in terms of partition operators, we obtain the new 
formula, 


(-)■ 


2ir-l 






.h J'Z ' 

J 

Df.I,), D(Ja),... being paitition D operators. 

Reversing the two form u lie w'e obtain 

2 / n2J-1 ~ 

ijW •’^ll’*’l2'‘ ’*’21 '’*“22 

' Ji'Ji 'ii'^n'- 

where (Jj) = (Piiyn"^‘V^i 2 V'i 2 ’^'®"*)» (J 2 )~(/^ 2 iy 2 i’^''*V' 22 y 22 ’^®‘ *‘-’* 

We have thus com])letu corres])ondeucc between the algebras of 
quantity and diifeiential ojKsration. 

Observe the paiticular lesults 

, />■(.), )rf^.(j,) (.J,y.(j,y8 . = 1. 

J\ h 

Jiejercuces for Symmetric Fumtions. - Gikauu. Invention 
nouvelle en Valyebve Aiiibterd.ini, 1629. - Waking. Medita- 
Hones Algebraicir, London, 1782 — Lao range. Mim, de Vamd» 
de Herlin, 1768. -Mf.ykK' Hirsch. Sammlung von Aufgaben 
aus der Tkeone der aigebraischen Gleichunqen. Berlin, 1809. — 
Sbkukt. Cours d^algebre sup&irurr, t. iii. Paris, 1885 . — Unfer- 
DINgkr. Sifzunysber. d A&ut. d. Wisscnsch, «. Wirn, Bd. lx. 
Vienna, 1869. -L Siuilafli. “XJeber die Kcsultante ernes 
Systeiiies mohrerer aigebraischen Oleichungen,” Vienim Trans- 
aetwnSf t. iv. 18.52 . — MacMahon. ** Memoirs on a Now Theory 
f»f Symmetric Fimetions,” American Journal of Mathematics, 
Baltimore, Md. 18SS-90 ; ^Memoir on Syinmctnc Functions of 
Roots of S^'stenis «>l Ecpiations,” ThH, Tri 
1890. 


rans. It, H, London, 


III. The Theory of Binary Forms. 

A biliary form of order n is a homogeneous jiolyuoinial of the 
nth degree in two variables. It may be written in the form 


<ia?j +6ajj 


-1 . w-2 2 . 

aTjj + cajj »j, + ...; 


or in the form 

w 1 w*"‘- 2 , 

ooj, + ^2“^ 

which Cayley denotes by 

(a, 6, c, ...)(«„ a:;*)" 


(i ) 'being a notation for the suoceaaive binomial ooefficienta 
n, -n(n - 1), .... Other forma are 

o*" + nbx^ “ ^a?g + ?i(n - 1 + ... . 

the binomial ooefiicienta («)being replaced by «!(«)» and 


1 




.i-i 


8 + 21 


ir,+ . 


the special convenience of which will appear later. For present 
puriioaes the form will be written 

the notation adopted by German wnters ; the literal ooefiicienta 
have a rule placed over them to distinguish them from umbral 
oociKci^ts ^ich are introduced almost at once. The coefficients 
|*p> '*i» ^ . Oni 91+ 1 in number are arbitrary. If the form, some- 
times termed a quantic, be equated to zero the 7<t + l coefficients 
are equivalent to but n, since one can bo made unitv by division 
and the equation is to be regarded as one for the determination 
of the ratio of the variables. 

If the variables of the quantic / (:r|, ar.^) be subjected to the 
linear transformation 

ar, ~ a,i^j + , 

+ ®2rfai 

(if (2 being new variables replacing aii, and the coefficients 
Oil, a]8, o^i, 0821 termed the coefficients of substitution (or of trans- 
formation), being constants, we arrive at a transformed quantic 

in the new variables which is of the some order as the original 
quantic ; the new eoefficieuts’G^, are linear fiindiona 

of the original coefficients, and also linear functions of products, 
ot the coefficients of substitution, of the nth degree. 

By solving the equations of transformation we obtain 

r^i = “ ®i2®2 » 

9*^2 ~ ~®21®l + ®U®2f 

where = «ii “22 - «i 2 ® 2 i • 

1 “HI “22 I 

r is tiTiiicd the determinant of substitution or modulus of trans- 
formation ; we assume as,^ to be independents, so that r must 
ditfer from zero. 

In the theory of forms we seek functions of the ooefficient.s 
and variables oi the original quantic which, save as to a power 
of the modulus of trausfonnation, are equal to the like functions 
of the coefficients and variables of the transformed quantic. Wo 
may have such a function which does not involve the variables, 
^iz. : — 

/F(ao, Gi, G2,^tfw)j, 

the function F(oo, U], u„) is then said to be an invariant of 

the quantb* qud linear tiaiisfoimatioii. If, however, F involve 
as W’ell the variables, viz. : — 

^'(V ^*1- ; (b (2)=9*^I''K» <^ 2 . • ; a?i> »i). 

the function ¥{( 1 ^, Gg, . =: ; uT], X 3 ) is said to be a covariant of 
the quantic. The expression iiivariaiitive foniis ’* includes both 
invariants and co variants, and frequently also other analogous 
forms w'hich will be met with. Occasionally the won! in- 
variants*' includes covariaiits ; when this is so it will bo implied 
by the text. Invariaiitive tomis will be found to be homogeneous 
functions alike of the coefficiciits and of the variables. Instead 
of a single quantic wo may have sex cral 

/“(«(,, Gi, 0.2 .. ; Xif aVji), 0 (^ 0 , bif b,^^ . ; as®), . 

which have different coefficients, the same variable.^, and are of 
the same or different degrees in the variables ; wo iimy transform 
them all by the same substitution, so that they become 

/f«„, « 1 . . ; fi. fa), 6,. Aj. , li, {*1, . 

If then w e find 


=s/F(oo, «„ Oj,. ^0. ^2» 


; Xi, asa), 


the function F, on the right wliich multiplies r , is said to be a 
simultaneous invariant or covariant of the system of qualities. 
This notion is fundamental in the present theory because we will 
find that one of the most valuable artifices for finding invariants 
of a single quantic is first to find simultaneous invariants of 
several differ^pt quantics, and siibseauentlv to make all the 
qualities identical. Moreover, instead of having one luiir of 
variables a*}, x^ we may have several jiairs Pi, y^\ S], Z 2 ;...iii 
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•dditioiL And transform each pair to a new pair by Bubetitutione, 
baying the lame ooeffioients ai|, Op and arrive at fbnctions 

of the original ooefRcients and vanableB (of one or more qnantiee) 
which powesB the above-defined invariant proMrty. A particular 
ouantio of the system may be of the same or ditferent oegrees in 
the pairs of variables which it involves, and tliese degrees may 
vary firom ouantio to quantic of the system. Such <|uantic8 have 
been termed by Cayley muUiparUte, 

Symbolic Farm . — Restricting consideration, for the present, to 
binary forms in a single pair of variables, we must introduce 
the symbolic form of Aronhold, Clebsch, and Gordan ; they write 
the form 


wherein Oj, are umbne, such that 


*ji+ •+«a*a=^“jc 


n n-1 

® j • 


n-1 


are symbolical representations of the real coefiicients Mq, . 

“n» general is the symbol for If ve 

restrict ourselves to this set of symbols we can uniquely pass 
from a product of real coefficients to the symbolic representations 
of such product, but we i^annot, uniquely, from the symbols 
recover the real fonn. This is clear because we can write 


1 »~2 2 2«-3 


w bile the same product of umbne arises from 


it 


~ - n ft-3 « *2it-3 3 


Hence it becomes necessary ft) have more than one set of umbne, 
so that we may have more than one symbolical repri'seiitatiou of 
tlic same ivjal coefficients. We consider the quantic to have any 

number of equivalent representations So that 

if we wish to denote, hy 
umhne, a jiroduct of coefficients of degree s we employ s wts of 
uiiibiw. 

Fx. (jr. W u w rite « = rtj* “ "" "/iij, 


3 W — 8 3 , ft ” 3, M W — 3 3 


and so on whenovei we require to represent a product of real 
coefiioients sytiibolieally ; we then have a one-to-one correspond- 
ence between the products of real coefficients and their sym- 
bolic forms. If we nave a function of degree s iii the tioofficients, 
we may select any n sots of umbne for use, and having made a 
selection we may w'hen only one quantic is under consideration at 
any time permute the sets of umbne in any manner w’lthout altei - 
ing the rea^ significance of the symliolism. Fx. gr. To express tlie 
iuuctionrv^2 " <*?, which is the discriminantut the binary quadratic 
+ = in a symbolic lorni we have 


Such an expression as ajii, wdiicli is 
Ort, t^hx cbx 
CXi (’X 2 ciJTa rxi ’ 

is usually written (ab) for brevity ; in the same notation the 
determinant, whose row's arc aj, a2, «3 ; b», 6,, ; c,, c,j, c., respec- 

tively, is written (abe) and so on It should be iiotieod tliat the 
real function denoted by (rrb)'^ is not the square of a real function 
denoted by (ab). For a single quantic of tlie first order (06) is 
tlie symbol of a function of the coefficients which vanishes iden- 
tically ; thus 

(ab) = a,Z»2 - «./>! = - Ujaf, - 0 

and, indeed, from a remark made above we see that (ab) remains 
unchanged by interchange of a and b ; but (ab)— - (bn), ami these 
two facts necessitate (ab) = 0. 

To find the effect of linear transformation on the symbolic form 
of quantic w’e w*ill disuse the coefficients a^, aig, a^i, a,j2, and cm- 
]iloy Xg, /u^. For the substitution 

~ 1 “b t ~ 9 

of modulus I I = 

the quadratic form ttg®? + 2aii»i*3+5a»5 “«*=/(«)» 
becomes 

Arf! + 2AA{,+Arf5=A|=^t), 

where 

Aq 53S ^0^1 *4” 2ttjX|X2 + ^Xy , 
A7=ao^,/ai+jh(X,/M8-HXag,)>l (Z^Xjg^ 

Aa =:^ J + 2aiAii/Sa +WS- 


We pass to the symbolic fonus 

<4 » (m», + 0^)0 , AJ= (A,f, 4- A,e,)* 

by writing for 

«o» «ii ^ the symbols «}, ajOj, </* 

^01 Aj, Aa „ Ajf, AjAj, A5 

and then 

Ao=a}X} + 2«KjaaXiXa+ivJXJss(a}|X|.p(](^iJ\j^Sasa][^ 

Ai = (fliX^ -f + fl’-i^a) ^ 

Aa~ (fliMi + » 

so that 

A|=aiifJ+ 

whence Aj, Aj become aj^t a^ resiw-ctively and 

The jiroclical result of the transformation is to eliaiige the uinbwB 
at, Og into the umbra' 

e;^ = ^^iX] i ffyXa , q- ffa/u2 

respectively. 

By similarly transforming the biliary Ibriii /r" we find 

Ao=(aaX, + aaX2)’'=«A = A;‘, 

A^ = (ttjXj + 03X2) 4 aaMy)=<'A ^V~Aj A.^, 

Aa- ( tfjXi -f ttaXa) (f/jgj -i rtag^) A^^, 

so that the umbra A^, A.^ are H/j, icsjM'Ativcly. 

Theorem , — When tlie binavy form 

is transformed to 

A^ = (Aj^i 4* Agfa) , 

by the substitutions 

•«i = » a'2= Ml M2 » 

the umbra Aj, Ag are e.\]U‘csKed in terms ul the umbra a^, by 
the formulas 

A| Xp/ 1 Xaflfg , Ag SS + M2®2* 

Wo gather that Aj, Ag are transformed to cij, Og in such wise that 
the ueierminaut of ti ausf oriuatiou leads by iws as the original 
determinant reads by columns, and that the modulus of the 
transformation is, as before, (Xg). For this reason the urn line 
A], Ag are suid to be coat tag red lent to 07], If wc solve flic 
equations eounocting the original and tiaiisfonned umbne we find 

(Xg)(-«a)=:Xi(-A2)4 MiA,, 

(\fi)ai =Xa( — Ag) + goAj , 

and we find that, except for the factor (Xg), - a„ and -f «i are 
transformed to - Ag and + A) by the same substitntiuns as Xj ami 
;rg are trauslonuod to and (g Foi this reason the umbne 
-Og, ffj^are said to be cogredieiit to Xy and jsg. We frequently 
meet with cogrodieut and cuiitragredieiit quantities, and we have 
in general the following definitions : -(1) ‘‘If two equally 
numerous sets of quantities x, //, z, x\ g, z\ aie sm*h that 
whenever one set x, y, z, is expressed in terms of new 
quantities X, V, Z, thi? second set x\ y\ z\ is expressed 
in tcmiH of other new quantities X', V', Z', . by the same 
scheme of linear substitution the two sets an* said to be e<»- 
gredtent quantities.” (2) “Two sets of quantities x, y, z, ; 

Vt “-re said to be contragrcdient when tlic linear substitu- 
tions for the first set are 

~ X| X -f- -f' if|Z 4- ... , 
y = XgX f A*2^ i *^2^ • > 

Z ^ XgX 4- M3Y + V3Z 4* . . . , 

and these are assoeiated with the following formula appertaining' 
to the second set, 

S=Xi{ 4-XaV4-Xgf 4- .. , 

Z = M4-i' 2V4 ''sf + •• » 

wherein it should be noticed that neio quantities are exj»ressed in 
terms of the ofd, as regards the latter set, and not vice versa.'* 

Kx, gr. The symbols •• arc contragrcdient with 

the variables x, y, z, . . for when 

(x, y, z, . .)~(Xj, gj, Vi, ...)(X, Y, /, ...), 

|M ... 

I M ••• I 
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WO lind 


A ^ 'I 

,dX* 5Y’ c/Z* 


^i=(Xj, Xi, Xj,, 

M 2 » /*»! 
*']» *'«» *'»! 


J d d d 
dif dz* 




Obacrvo tbo notation, which is that introduced by Cayley into 
the theory of luatricos which he himself created. 

Just as cogredioncy leads to a theory of co variants, so contra^ 
grcdiency loads to a theory of contravariants. If ii, a quantic in 
X, I/, z, , be expressed in terms of new variables X, V, Z . ; 
and iff, t), i*, . be quantities contragredieiit to x, y, z, ; there 
are found to exist functions off, 17 , f*, and of the coefiicients 
m w, which need, at most, be multiplied by jiowers of the 
rnodnluH to be made equal to the same functions ot‘S, II, Z, 
of the transformed coefiicients of u ; such functions are called 
ci*rUramriant8 of u. There also exist functions, which involve 
both sets of variables as well as the coefiicients of a, })osse 8 Sing 
a like ]>roporty ; such have been termed mixM coitcomUanlBt and 
tliey, like contravariants, may a])iiortaiii as well to a system of 
forniH as to a single form. 

As between tlie original and transfoniied quantic wc have tlio 
umbral relations 

A j ~ XjfAj + Xj/i2 > ~ i 


and for a second form 


1 'hc original forms are b^, and we may regard them either as 
different forms or as equivalent rojireseiitations of the sanie form. 
In other words, B, b may ho regaidecl as dillereiiL or alternative 
sy in hols to A, a. In either (iase 

(AB) = A,B 2 *- A,.B, =r. M{»b ) , 

and, from the definititm, (ab) jiosscsses the invariant property. 
We cannot, however, say that it is an invariant unless it is cx* 
pressiblo in terms of the real coellieieiits. Since 
that this may be the ease each form must ho linear ; and if the 
forms he dilforent {ab) is an invariant (simultaneous) of the twro 
forms, its real expression being ao^i "■ This will be recognized 
as the resultant of the two linear lorms. If the two linear forms 
bo identical, the umhral sets b^ are alternative, are 

ultimately put equal to one aiiotlier and (ah) vanishes. A single 
linear form has, in fact, no invariant. When either of the forms 
is of an order higher than the first (ab), as not being expressible 
in terms of the actual ooetlicioiits of th(‘ lorms, is not an invariant 
and has no significance. Introducing now other sets of symbols 
C, D, . ; c, a, wo may write 

(AB)'(AC)^(BC)*.. ==(XA4)G->+*+...(aJ)<(a(;)^(6c)^ 


BO that the symbolic product 

{abY{acy{bcf , 

possesses the invariant property. If the forms be all linear and 
diflbrent the function is an invariant, viz., the power of that 
appertaining to and b^ multiplied by the power of that 
appertaining to and multiplied by Ac. If any two of the 
linear forms, say qg, be supiMised identical, any symbolic ex- 
pression involving the fa(!tor {pq) is zero. Notice, therefore, that 
the svmboliu product {abY{ae)^{bc)^ . may be always viewed as a 
simultaneous invariant ot a 1111111 her of different linear forms 
«*» 6*1 Cgf . In order that (aft)‘(ac)'^( 6 c)*... may be a simul- 
taneous invariant of a number of different forms c^y 1 

where . may be the same or different, it is necessary 

that every x>ro(luct of iinibne which arises lu the expansion of the 
rymbolio product be of degree n\ in oi, a»\ in the case of dj, A, 
of degree , in the case of Cj, of degree ; and so on. For 
these only will the symbolic product bo replaceable by a linear 
function of products of real coofticieiits. Hence the condition is 

i+j-\r .. = nn 

i + A. 4 . . = Hi* , 

J + h+,. = 7 / 3 , 


If the fonns bo identical the symbols are alternative, 

and provided that the form does not vanish it denotes an in- 
variant of the single fonti 

There may be a immbor of forms o^,b^,cJ, and we may suppose 
s’Kjli identities between the syinbols that on the whole only two, 
three, or more of the sets of umbne arc not equivalent ; we will 
then obtain invariants of two, three, or more sets of binary forms. 
The symbolic expression of a covariant is equally simple, because 
we see at once that since A^, B^, C^, . are equal to a^, &«, <;«, ... 


res];*eotively, the linear forms a^, 6 «, c«, ... possess the invariant 
property* and we may write 

(AB)*(AC/(BC)*'...AJBJCJ .. 

and assert that the symbolic x^roduot 

(al>)\ae/(bef.. a%el... 

possesses the invariant |>roperty. It is always an invariant or co- 
variant appertaining to a number of different linear forms, and as 
before it may vanisTi if two such linear forms be identical. In 
general it will be simultaneous covariant of the different forms 

<h'. t>?. c”’. .. if 

4 -/ 1 =7f„ 

1 + /.+ .+<r = 7»2, 

J [-// I -r — 

It will also be a covariant if the symbolic product be factoriz- 
able into portions each of which satisfies tlieso conditions. If 
the fonns be identical the set.s of symbols are ultimately equated, 
and the form, ])rovided it does not vanish, is a covariant of the 
form 

The expression (ab)* xu'opoily axipertaius to a quartic ; for a 
quadratic it may also be written (ahy-^ied)^, and would denote the 
square of the discriminant to a factor prii-s. For the quartic 

(ab)*ssi(aib.2- - 4a}o26j6!j } Oojalb^b'j 

- 4ajia|6 J 62 4* a ~ 4 Cr/.? - injUj 4- 

= 2(f/o«4 - 4 * )> 

one of the well-known invariants of the quartic. 

For the cubic (abYaghg is a covariant because each symbol n, b 
occurs three times ; we can first of all find its real oxxiressiou as 
a 8 imultan(H)Us covariant of two oubics, and then, by sux)X>osing 
the two cubics to merge into identity, find the expression of the 
quadratic co\ ariaut, of the single culuc, commonly knowm as the 
Hessian. 

By simple multiplication 

{a'lhy>l - 2a^,aJi\h^^ayn\h\)x\ 

4- {a 

4 (ai« 2 ^>.] - ; 

and transforming to the real form, 

4- (ftiAj “ 2fr.y>2 4- a.jbj , 

the simultaneous co variant , and now’, putting b=ftf wo obtain 
twdee the Hessian 

(«„<*2 - )xj 4- (tto«3 - “ aj )^5. 

It will be shown later that all invariants, single or simultaneous^ 
are expressible in terms of symbolic ]iroducts. Tlie degree of the 
covariant in the coefiicients is equal to the number of different 
symbols a, 6 , c, . that occur in the symbolic expression ; the 
(h)greo in the variables (i.e. the order of the covariant) ia p + a 
4-T4*. and the weight* of the coeflicieut of tlio loading term 

is equal to + 1 ■\ . . It w’ill bo apx)ai'eut that 

tnore are four numbers associated wdth a covariant, viz., the- 
orders of the quantic and covariant, and the degree and weight 
of the leading coefficient ; calling these w, c, 0, w respectively w'o 
can see that they are not indoiiendunt integers, but that they arc 
invariably connected by a certain relation n0-2w=:e. For, if 
Ty) be a covariant of order c ax)X»ertaining to a quantic 
of order n, 

0 ( Ao, . . •^ 11 ^ 2 ) ~ *^ 1^1 * 1 * ^* 2 ^ 2 ) » 

wo find that the loft- and right-hand sides are of degrees n$ and 
2ta+e respectively in X^, /a^, X 2 , gy, and thence n0 — 2vj + 2e. 

Symbolic Identities , — For the purpose of manixmlating symbolic 
expressions it is necessary to be in possession of certain simple 
identities winch connect certain symbolic products. From the 
three equations 

a,=rfi,.#*j4 Oj* 2 , ft*5=6jJ’j4*62*2» 

W'e find by eliminating Xi and X 2 the relation 

(ix{bc)-^bx{ca)-{-Cx{ab)=:0 . . (1.) 

Introduce now' now umbnedi, d^ and recall that •{•d^ -d], are 
cogrediont with p?i and ajj. We may in any relation substitute 
for any pair of quantities any other cogrediont pair so that 


* Tlie weight of a term is defined as being + -- 

-irnkn. 
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writing -hcls, -^(<1 for and as,, and noting that g» then becomes 
(gd)f tne above-written identity becomes 

{arf)(6<!)-f(W)(ca) + («f)(a6)=5 0 . . (II.) 

Similarly in (L), writing for ci, cs,, the cogredient i>air -y,, + 2 /^, 
we obtain 

ajbg’-a^,^{db){xy), . . . (lU.) 

Again in (I.) transposing ajjbe) to the other side and squaring, 
we obtain 

{ahfcl . (IV.) 

and herein writing (f,, - for aS}, os,, 

2{ac)(bc){ad){hd) = {hcf(adf^{ac)\Uf - {ahncd)\ (V.) 

As an illustration multiply (IV.) tliroughout by 
so that each term may denote a ro\ ariant of an 

/I \2 n,n-2 w-2 , . .2 n-2.» w-2 , ,v2 n-2,w-2 n 

= (ftc) 0-3.0* c* +(ac)o* ~(afe)o^ c,. 

Each term on the right-hand side may be shown by permuta- 
tion of o., A, c to be the symbolical representation of the same 
covariant ; they are equivalent symbolic }iro(luots, and we may 
accordingly write 

f./ \/i. \ a — 2 f I \2 At'“2ia—2 w 

2(oc)(oc)o.e A* Cjp =(aA)o* A^. f^., 

a relation which shows that the form on the left is the product 
of the two covariants 

# 2 \2 w — 2ia“2 2 ^ 

(oA) Ojp Ajp and c^. 


The identities are, in y»artieular, of service in reducing symbolic 
products to standard forms. A symbolical c\))ression may bo 
ahvays so transformed that the power of any determinant factor 
(aA) IS even. For we may in any product interchange a and A 
without altering its signification ; therefore 
(aA)*"*+i0|= - 

where 0] becomes 0, by the interchange, and hence 


and identity (I.) will always result in transforming 0^ » 0, 
make it divisible by (aA). 

Ex, (jr, 

{db){ae)h^^^ --{ftb){hc)n^*x 


so that the covariant of the (juadratic on tlic left is half the pro- 
duct of the quadratic itself and its only invariant. To obtain 
the corresponding theoroin concerning the general form of oven 

order wo multiply tliroughout by (aA)"”‘ obtain 


, X, 2w-l 1 / ,x 2 ?h 2ni 

(aA) (ffc)A^Cjc =.^(aA) . 

Faying attention merely to the detenninaiit factors there is no 
form with one factor since (aA) vanislies identically. For two 
factors the standard fonii is (aA)“ ; ior three factors (aA)''*(ar) ; for 
four factors (aA)'* and (aA )*(«£)* , fi»r five factors (aA)^(ac) and 
{ahf{aE){def ; for six factors (aA)®, (aA)-(Ar)®(ca)®» mid {(thY{cdf{eff. 
It will be a useful exercise for the reader to interpret the corre- 
sponding covariants of tlie general quaiitic, to sliow that some 
of them are simple powers or products of other co variants of 
lower degrees ana order. 

The Polar Process , — We are now going to introduce other sets 
of cogredient variables into the syiuboliirproducts. The ai'* polar 

of the binary form «* =/ with regard to ?/ is expressed by 


».c,, ft of the symbolic factors of the form arc replaced by /a others 
in which yj, y,* roidace ujj, sc,. 

By giving g the values 0, 1, 2, n wo obtain in all n -I- 1 y-]K)lars 
in regard to x. They may bn obtained by jiartial diiferential 
operations upon the form. Write in symbolic form 


so that 

and let 
then 

the first polar. 




^ - a 


a-l 






Similarly 

the second polar ; and in general the polar is 

/?=(/, 

III symbolic form w'e may writn 

A ' 'dxn) ^ fit 

All the polars may be generated liom by writing therein 

«j + Xyi, a5,-fXy.2 for .t-, re8pcctivol>, for aj hoconics (a^p-i-XaJ* 
and 

(uj. -I- Xay)”^ “ a* + ( 1 )Xa j o ^ -f )X^aJ' ^a® h- . x’^r J 


Ex, gr. The first polar of 

= UfiXj + + Ojjya) = « ? + « 1^2 

• (aoy,-l-aiJra)yi + ((i-,x,4 

Similarly the second polar of the binary cubic is 

(aoa*i + a|a5ji)y* \ 2{ayX^ i + 


which is aM% or 

1/ d ^ d y-* . 

The operation of taking the ))olar results in a symbolic product 
and the repetition of the process, in regard to new cogredient sets 
of variables, must result in symbolic iorms. It is therefore an 
invariant process, and all the forms obtained are invariants in 
regard to linear transformations, in aicordaiice with the same 
scheme of substitutions, of the several sets of variables. 

An important absociateiJ operation is 

a® _ 

cx^'y,i r.r^^yi ’ 

which ]>erformed upon any polar causes it to vanish ; for 

“ ** ■ ’"J ■ ’ ! 

and conversely it can be shown that every function which it 
causes to vanisli is a ]>olar. 

It is usual to write 


1 / a*'* t'" \ m, 

a. /t\ 0 ,i!,r'y 2 ('x./'y]/^ ^ 


and w’^e have the theorem that fl, ])crfomied upon any invariant 
form, produces an invariant form. 

Ex. gr. 

1 


, .. m- 1|H-1 
- {ah)o^ hy ; 

n 2, a - 2 
by ; 


and in general 

These arc invariants of forms winch arc oinary in tw’o sets ot 
variables and, by iiutting ?/=«*, we obtain simultaneous in- 
variants of two binary rorms in a single sot of variables. 
Observe the easy jiassagc from a hi]»artit*‘ form to two unipartite 

forms. The polar of a product A^ is obtained by, first of all, 

writing hi the symliolir form ^ ; thus if 

F m ,)i m+n 

=«j,-l>x=Px » 

mA, — a k , 

if=Px P»’ 

now, in write x+'Sy for x, so that 

(,.+xp„)’‘+’‘=(«,+x«,r-(»x+^v)“ •- 
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expanding and comparing ooeffioients of 
» 

or writing a^-/, 

rr)(/.«)S=2(”x«-.)/v«j-*. 

H 

a general formula for the polar of a product of two forms. The 
expression ih called a ntembfr of the polar ; aTitirig it G, 

we have altogether a werics of X- + 1 members, viz. — 

Go.O,,G„ .G/,; 
and 

(’"r)(/-0X=2nG"->,- 

Ta'o members, Gj„G^ i are said to be adjacent, and ue can prove 
that the dilfereiice between any two adjacent members contains 
the factor {ab){3tff ) ; for 

wlieiicn also 

«^Xg. - G, , ,) =/>t 

wherein i» » memher of the / - 1'* jiolar of K=/.^. 

Again, if a be less than /, 

“ f '* ’ ^*4 1 ^^8 n ^ h 42 + + - 1 ~ f 

and siiu'e the successive ditleronees 


involve, each of thorn, the fsetor (frh)(.r//) , so also d«x».s G^-0^ 
the dilference between any two members of the polar. Also the 
cofactor of {ah){xy) in - Gj must h(» a sum of niomhers of 

the A* ~ V* polar of K. 

Moreover, since 

/>/) 1 1/ >' Jr* 

K K ;>'»/= s A/ 


and 

we may write 
W'here f„4*Cj I 


2(’'00.'G) =(”■/!"). 






+ '‘aG;. 


4-r*=i 1, mid 

G,= ^e„ic*jl +<’4)0,, 

we oMain, by siiiiliacf ion, 

K GJ I <,(G|-G,) I )a(G, -(J,), 

whieli pntves that the ditlerence between the comjdete polar and 
any oin- of its memhers eontams the factor (rt6)(.e//), and that the 

cofactor of ^ hw®^^ function of the members of 

the A' - V* polar of F. Since 

"A(G, O, 

we find 

n^,(K " ^») ■ ("*)(•*.") 

= <‘o/*^t * +('’0"' -tO'o+O'i 

-(<’» + e«+l+ 

and we see that the cofactor of {ory) in fJ- 0^ is a sum of terms 
obtained by writing (ah) for in the cofactor of (ah){xy)f in 
the expression of a^hJ^Fy-(lg^ Hence the eofaotor of (xy) in 
fJ-G, is a linear function of the members of the A - |K>lar of 

which is a covariant of ?'=/. 0, usually wTitten 
f f, 0)* and termed (see poat) the first traiisveetaiit of /over 0. 
The A -1^* polar will be written 


•+4 




and 




will denote one of its members. We thus have the relation 

= Qn ( C/*0) 1 V - 1 C/> 0 ) ) t I (/» ^)^ 1 1 " ^ ; 


or, in words, we express a member of the polar of /. 0 as a 
sum of the polar itself, and the product of (xy) into a linear 
function of the members of the k - polar of the first trans. 
vectant of/ over 0. We may similarly treat any member 

••{O’..)');-' 

of the Ar - polar of the first transvectant, so as to exhibit it as 
a sum of the jiolar itself and a product of (xy) into a linear 
function of the members of the A* - 2^* polar of the second trans- 
veetant, 

of/ over 0 ; we can continue the process so as finally to reach the 
development 

+ («{{)%{ (/. 

Hence the theorem which states that any member of the polar 
of the product of tw*o forms/, 0 may bo expanded in ascending 
powers of the determinant (a^y), the cofactor of (xy)* being a 
numerical multiple of the k - s'* polar of the s'* transvectant of 
/over 0. All of these transvectants are, as we shall show pre- 
sently, covariants. 

Kx, gr» Let F=:/. 0= «*.&*; and lot us exhibit the second 
member of the second polar in the desired form, 

(5)n=(5^(S)W+(?K?)W+(5)(!W* 

or 

the second member is and 

=^\(xy)WaA = li^fnA 4>? : 

therefore 

the result. In this instance the term, involving the first power 
of (ry)t happens to he absent. In regard to the polar of a j»ro- 
duct of 71 forms it is easy to establish that if 

y, /„=»>r. 

/«)t 

=2(™‘)C)- oc/, ):/(/»):,“ (A):;. 

where 

La r-A. 

As regards polars, with more than tw^o sets of cogrodient variables, 
the generating function is 

(i*x4Xrty-i y4Ar,4-. )”; 

and we can establisli the theorem that every symbolic proriuct 
involving several sots of cogredioiit variables can be expanded 
into a number of terms, each of which is a complete polar, 
multiplied hj a product of powers of the determinant factors 
(» 7 y), (xz), (yz), . 

TransvecHon , — Certain co variants, termed transvectants, have 
Ijeen met with above. Wo have seen that (ah) is a simultaneous 
invariant of the two different linear forms 0=&«> and we 
observe that (ah) is equivalent to the differential operation 
00 ^ ^ 
oaPi 0a*2 

Tlie process is generalized hy forming the function 
(/a - A-)! ^ _ §/L V* 

7/tl 7t! \oai'i0asa * 

where /, 0 are any two binary forms ; it is called the A-** trans- 
vectaiit of / over 0. It should be noted that the multiplication 
of operations is symbolic in the sense that the operation in the 
brac^ket is to be iierformed k times successively. The transvectant 
is denoted by 

(/, 0)*. 

Thus if • /=«*, 

\P xt ^x) — "T » 

* / w ,.7i\fc_ /,.r\A m-kjTt-k 

from w'hich it is evident that the A*'* transvectant is a simul- 
taneous covariant of the two forms. 
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If mibn there ere n + 1 trensvoctants oorreeponding to the ! 
values 0, 1, 2,...fiof X?; if 4;»;0 we have the jwoduct the two 
forms, and for all values of k>n the transveotants vanish. In 
general we may have any two forms 

^ ; 1 ^ 1 * ^9 the umbne, as usual, and for the trans- 
vectant we have 

a simultaneous oovariant of the two forms. We may 8U])po8e 
^2 to bo any two oovariants appertaining to a system, and 
the process of transvection supplies a moans of proi'ccding from 
them to other oovariants. 

The two forms a^, or may be identical ; we then 

liavo the transvectant of a form over itself w hieh may, or may 
not, vanish identically ; and, in the latter case, is a eovariant of 
the single form. It is obvious that, when k is uneven, the k*^ 
transvectant of a form over itself does vanish. We have seen 
that transvection is equivalent to the performance of partial 
differential operations U|K)n the two forms, hut, practically, ue 
may regard the process as merely substituting (a5)^ {tftrj/Y for 
ai fci, respectively in the symbolic product subjected to 

transvection. It is essentially an operation performed upon the 
jtroduct of two forms. If, then, we require tnc transveotants of 
the two forms /+X/, 04-/U0', wc take their product 

-4 -f i 

and the transvectant is simply obtained b}' ofierating upon 
each term separately, viz. : — 

(/, ^)* + X(r, + + 0^)* ; 

and, moreover, if wo require to find the transvccjtant of one 
linear system of forms over another we have merely to multiply 
the two systems, and take the transvectant of the separate 
products. 

The process of transvection is connected ivitli the operations fl ; 
for 

u\a^h;) = {«lfaThy> ; 

..r 

ho also is the polar process, for since 

/ A* mi *■ A , A" mil I tt ~ A', /• 

if we take the transvectant of/^ over 0^, regarding j/^, as 
tlie variables, 

or the /*•''♦ transvectant of the //* polars, in regard to y, is equal 
to the k*^ transvectant of the forms. Moreover, the it** trans- 

vcelaut is derivable from the I*** polar of erj’, viz., 

fh by substituting for yj, y., the cogrcdieut quantities Aj, - 
and multiplying by 

Frequently the forms to which the pnx'oss is applied are, each 
of them, products of other forms. 

Thus suppose 

W'e find 

(TOi + 

= ■ Vs* + ‘ 

whore, on the dexter, there is a term for every pair of umbnE, 
«>no taken from / and one from 0. The sum of the numerical 
coofficioiits of the members of the tninsvectaiit is unity. If u e 

suppose the product written out as a product of 

w?j + Wo-f Wj+n^ factors ; the coefticient 7;i.j)(//i + ?i 2 ) enumer- 

ates the number of ways of picking out one fat;t<ir from 

and one factor from ; the coefficient uu the dexter of 
the above results shows the number of ways of picking out one 
factor from and one from jSj®; consequently the fraction 

' — , which affects one term of the trausveotant, de- 


the probabi 


notes the probability of picking out the i>air agfig when a random 
selection is made of one factor from and one factor from 

Similarly if 


Smsm, Xnssn, 

the first transvectent will consist of so terns, and any term, 
involving sav the detenninant factor (a/J), will have a numerical 
coefficient which denotes the probability of a random selection of 
two factors, one each from / and 0, being agP^ The sum of the 
ooeffioients is unity. Proceeding to the second transvectant cadi 
term is treated in a similar manner, with the result that a imni- 
ber of terms are obtained ; one such term is, say 

and the numerioal coefficients denote the probability of two random 
selections of pairs of symbols yielding {ap){ay), and so on. Hence, 
in general, the transvectant involves terms, each of which has 
k determinant factors, and a numerical coefficient which denotes 
the probability of such factors arising from a random selection. 
Hence the sum of the coefficients of the terms must be unity. 


JSx. gr. {ajbg, = ^(ac)M* + \{ad)bgiCg 


(aA, (aff){bc)\. 

Kv, gr. Wo will find the fourth trans^ octant, of a binary quartic 
U|)on itself, so as to obtain the invariant {ah)* in teniis of the 
roots of the quartic. 

Let = (ar, ► ajas2)(3*, - tLgr.,){x^ - - a^pr^), 

and observe that (ajj - araJjj, , therefore 

is A sum of a number of teriiis, each of Mhioh involves a factor of 

the form Cr - Oj, and proceeding u e find (o J, h*y equal to 

~ 

the summation being for every permutation ^jkt of the numbers 
1, 2, 3, 4. There are 4 ’ tonns, but certain of them vanish. Those 
which survive corresjjond to the iiermutations in which each num- 
ber is displaced. Those arc nine in number, and wo can, final]) , 
throw the result into the form 

^{(a, - a4) + (a, - a; 0 (a.^ - a4^ + {a^ - a4)(tt.^ - ttj) j : 

a well-known expression of the simplest invariantjif the biiiaiy 
quartic. It i^ill be seen later that the coefficient a^ of every co- 
variant of a binary form is a symmetric function of the difibrences 
of the roots of the forms. 

The various transvectants can be obtained by partial differential 
operations in which the indcjiendeut variables are «*, bg, 
fix} • Diopping, temporarily, the suffix a-, we can sec that 

a"’/*"”/ 

can tic olitainod by oiwruting ujion the jiroduct aith 
<r- . „ , (T- . cP 




and multiplying by 


1 


Disregarding the multi - 


dbda ' 


//*./)( A] t n.,) 

pher we obtain the A*** transvectant by k successive operations of 
this Operator, the quantities operated upon being ff=:flx, h-hg, 
and not the determinant factors. In general the operator is 

2"“^’ 

the number of terms in the operator being s<r, and k successive 
operations produce, to a factor the I-’** transvectant. 

Ex. gr. To find in this manner the second transvectant of 
uiMin itself, wr take the product 
and |>erform the operation 


{(«<•) 


dtdc ' 


rf- V 


when we obtain the result in the form of a linear function of the 
three forms ; — 

(«6) » 

A very imjiurtant jmrticular case of transvection ij» that in which 
, 0=17? ; 0 is the original form, / a eovariant of 0, 
and M is the product of determinant factors involved in /. 
Writing for convenionec 

,0=/, 
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the oiierator, for the tranevectant, bocoxuea cifoctWely 

or if we take the operand to lie / and not we may consider 
the operation 

)*. 

and disregard the factor gr“*. 

We can tranKforin the operator by expressing, by means of one 
of the fumlaniontal identities, {6y), {eg), ... in terms of {ag) and 
determinant factors which are free from g. Thus 

Now 

("(<« ‘‘ife ■* ■ " ’ 

where m = mi + wi 2 + 7iig+ . . ; therefore the first tran&vcctant is 

an important form, because it shows tiiat the transvectant can be 
broken up into two ])ortioiis, in only one of which does the 
symbol g occur in the detcrminiut factors. Conversely, if we 
have a form involving t/H-1 symbols in the determinant factors, 
in one of which g occurs only once, we may exhibit it by means 
of the transvectant of a form not involving g upon the original 
form, and of a foim whose determinant factors involve only w 
symbols and do not involve g. This theorem is of great signifi- 
canoe in the proof of Coruau’s theorem concerning the^ finite 
numbci of covariaiits of a given form, and wo must further 
generalize it. The operator for the second transvectant is 

(cg>-^+ • J ’ 

uhich may be written cither as 

<n as 

Taking the first form we find the second transvectant to be 
»»(»»- 

together with a number of terms in w hich (ag) occurs at most once. 
Hence a form, containing + l symbols and the symbol g 

only in the form (ap)*, can bo exhibited by moans of the second 
transvectant of a form in m symbols over the original form and of 
a form which involves (ag) at most once ; and now^ combining the 
former result, we find that a form in w+ 1 symbols wliioh involves 
the ?a + l'* symbol g only in tl^ form (ay)*, can bo expressed by 
means of forms involving 7a symbols, and by first and second 
transvectants of such a form upon the original form. The second 
form of operator above w ritten leads to the same conclusion in 
regard to the faijtor (ag)(hg). Similarly it is proved that a form 
in 7/1 -f 1 symbols which involves the determinant fiictors 
(ag), (bg), .. to the order k is expressible by means of forms in 
7fi symbols ami Ist, 2nd, . , /.•'* transvectants of such foims upon 
the original forms. 

Every symbolic product is ex^tressible as a sum of transvectants. 
£x. gr, Gordaii takes as an exam|)lo 

0j = («fc)*(ac)®(fcO®axV, ; 

substituting for c„ the cogrodient variables - t/j, we obtain 
(xy)(abfajb^'^\ which is a moniber of the fourth polar of 

(aft multiplied by (xg) \ putting (ttft)VlftJs=Gj=(aft)*Fj we 
find 

* (l''3) J + { (a>)a|6j } % J 

H*=(a4)‘a»6». 


Now for yi , y% write - Ca and multiply by 

*(g5.4)*+5(hJ.4)’. 

g{(a6)*a|4,4}’; 

or if aJ=sftJ=cJ=/=/'=/'', this is 

In general it suffices to say that we transform one set of umbral 
symbols to a new set of variables, and make use as above of the 
pro])erti6s of polars. The theorem establishes that transvectants 
are as inolusive as symbolic products in general. 

First aind Second Transvectants. — A few words must be said 
about the first two transvectants as they are of exceptional 

interest. Since, if/«a^, 0-ftJ, 

the first transvectant differs but by a numerical factor from the 
Jiicobian or functional determinant, of the two forms. We can 
find an expression for the first transvectant of (f, 0)^ over another 

form (?. 

For 

(7/H a)(/,0)J, = 7l/.0j + 7»l/5,.0, 

and 

My ~/r *= (" A - ■ ’C '*=(»»)(/. • 

• •• U,<l>)y=/r4>■^ 

Put 7At-l for ni, n-} for n, and multiply through by (aft); 
then 

{(/.^)}J=(«*')«r +OT+V- 
= {al.)aT-hr\ - 

Multiply by and foi 7/„ '//,j WTito Cj, - Ci ; then the right- 
hand bide becomes 


h-2 p-1 . 7/1 ~1 


(«ft)(ftc)ar‘V/rvr‘-f;;^ 

of which the first term, writing cj; = 0, i.s 




a^-h’!--c>*-'\ab){be)a^^ 

_ ^ ’^“ 2 .n -2 7>-2 j /, nS 2 ., ,.22 , v 2,21 

= 2^x Cx \ ffx-^W f-x “ fU f 

1 / m/, v 2 ,n -2 j »-2 , ;>, ,.2 h»- 2 ,ti -2 ,Jt/ n 2 7»>-2 i<- 2 ) 
= +t;a:(rtft)rt^ bj. -hj^iac) Uj. cj \ 

= - iMU I- iMf-i' - {MM} ! 

and, if (/, 0 )’ 

ami this, on WTitiug r^, - rj for y/j, 7 / 2 , becomes 

(i-c)t“+"-Vr '={(/, 

and thence it appears that the first transvectant of (/, 0 )^ over 0 
is always expressible hy means of fonns of lower degree in the 
coefficients wdierever each of the fonns /, 0 , 0 is of higher degree 
than the first in x^, 

Tlie second transvectant of a fonn over itself is called the 
Hessian of the fonn. It is 

unsymbolioally it is a numerical multiple of the determinant 
*” \Sw^?"/ ' transvectant of the dif- 


ferential coefficients of the fonn with regard to the variables, viz., 
(^*^) * the quadratic it is the discriminant (aft)* and 
for the cubic the quadratic covariant (ab)^Jfg. 


wliere 
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In genenl for a form in n Tariablea the Hesaian ia 

djr dhf JV 

d9BiS^"*d01^ 

n ‘"S^aDi, ! 



and there ia a remarkable theorem which atatos that if HsO and 
n^2, 3, or 4 the ori^al form can be exhibited as a form in 1 , 2 , 8 
variablea reapectively. 

JEx, gr. If for the binary form the 

theorem statea that the form ia a aimple power 
and therefore, by linear tranaformatiou, dependa o^y on a amgle 
variable. 

It may be verified that, if a* =s/, 




and now aasuming/ to have the form oJ.^J whore a^. ia a linear 


form and 0 * a form of order a ; p+a=wi. 


7a( w - 1 )/y = p(p - 1 )«S “ J 0 J + 2p<raJ “ ’ 0^ 

+ a(o'- l)aj0j 

leading to 

= { »»P(P - 1) - (m - l)p® } ' ^ay0^ 

+ 2/Hro|^"^ttj^0j. 0+ { ?n<r(<r- l)0j^0 - (m - l>^(0y)^}a^^ ; 

and, since each term on the right must vanish separately, 7 / 1 =p, 
a^O, which proves the theorem. 

It has been established above that every svmbolic product ran 
be expressed by means of transvectants. we have now to show 
that every invariant can be expressed by means of svmlwlic pro- 
ducts. It suffices to prove this for invariants as will ap})ear. 
When an invariant is expressed in terms of the uiubne 

1 C], C2 it is homogeneous and of weight w in the series of 
sytnbols ai, ^ C],. and also iii the series ' * Lot then 

an invariant}' of weight w be written symbolically 

j = (*i®i + * 2^1 + 9 jfii + . . . )**(^ jOg + ^ 2^2 + ^3^2 +•*•)*’’» 

transforming, by linear substitution, J == ; or 

J = -f + . . . + ^2^|» + + • • )* 

= {(^ 1 ^ + • )ki *4 + S 362 * 1 " ^ 3 *^ ’t' 

% { Witti + <961 + < 3 Ci + . . . )ni + {tjO^ + < 2 &a + — W * 
-iPlh+pJ^) (iZiMi + ffaMs) =PKQtLf 

whore 

Pi = «iai -f «a^i + « 3 Cj -H . , . , 

jP2 = «l«2*l'S2^a + »8C2+ •• f 

’b ^969 "b ^8^ b . I 
and 

lpq)=Piq 2 ‘'P^i*^ , 

““ "b 5 j[^ 3 (Gk;) *b ... +S 3 ^ 3 (ftc)+ ••• } 

now, since p^q ^ = if we operate with 

^ 

0X^d/£g 

we obtain 
or 


again operating 


„fi(Kipr''jr'=<w"‘Vi 


and 6ontinuing to operate we arrive at 


=;^^"l{*i«^«6)+*i<3(»e)+ - +*/»(6e)+ ; 


wtablishing that the invariant j is expressible as a sum of sym* 
bolic products, each pioduct involving w determinant foctors. 

TAs ib7Wt/+X0.—- important method for the formation of 
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oovariants is connected with the form/+X0, where /and d > are of 
the same order in the variables and X is an arbitrary constant 
If the invariants and covariants of this composite quantic bo 
formed we obtain functions of \ such that the coefhcients of the 
various powers of X are simultaneous invariants of / and d> In 
particular, when 0 is a covariant of/, we obtain in this manner 
covanants of/. Consider, for example, the cubic 

/=4* 

and take for 0 its cubic covariant 

Q:u.(«6)»(c6)cX. 

If J be any covariaut ot /, denote by the corrosjionding 
covariant of/+XQ. There are four fundamental covariants of 
/. viz. 

A = (/,/T-(aft)*aA, 

R=(A,A')«=(o6)=(cd)V)(6d). 

To find the fundamental system of /+ XQ we have 

4fbAQ = (/^ ^Q,/bXQ)>, 

= (//Tb2\(/,Q)«+X*(g,Q')“. 

To reduce this expression take the first polar of A= Aj, 

2 A«A^ ~ {ab)^aj)y \ (abfajb , , 
or 

AxAy ~ ^oJbi^OijJby . 

Herein, A^. A^ being symbols equivalent to Aj, Ag, substitute 
A^,A^ for -asj,®! and multiply by Ay, so that 

(AA)AyAy=(aft)*CaA)&yAy. 

Now 

Qi=(/,A)' = (aA)aiA„ 

Stf Qy = (aA)(ajAy + , 

= (oA){ 8«“A^+2a>,A,-o,4,)} 

= 3(oA)ajAj + 2(iey )((»A)’o* j 

and, since it u easy to see that (/,A)*:s(aA)%. Tanisbes identi- 
cally, 

QiQ„=(«A)rt“A,; 

and, herein writing i,, ~ t, fur xi, Xg, 

{6Q)®Q,=(oA)(«6)»A,; 

or 

{iQ)*t.Q.=(oA)(o&)*».A., 

= (AA)A^i=(A,A>; 

.•.(/.Q)*=o. 

Again, aince 

Q»Q,=(oA)a»A,, 

0 9 

substituting Q^, - for 

(QQ>QyQy-(aA)(aQ)*AyQy. 

But 

(/, Q)*= W«xQ*=o, 

(aQ)*(a*Qy+ttj,Q»)=0, 

and 

(®Q)*(®aeQy “ ®yQj:) ~ (<*Q)*(*y) > 

, by addition, 

(aQ)^.g.=J(«Q)*{*y) : 

(oA)(aQ)“A,Q,=|(«Q)’Aj=|E.Aj. 
since it is quite easy to show that (aQ)*=(A, A')*, 

(Q.QT=-Jr.A; 

and finally 

A/+xq=A+X»4B.A. 

Similarly 

Q/+aq=</+xQ. a+^x»RA)», 

=(/, A)>+X(Q, Al'+Jxw. A)>+^X*E(Q, A)>, 

wherein (/ A)*=Q, and we have to reduce (Q, A)*. 

S. 1 . — 38 
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WO obtain, substituting + ~ Ai for y%^ 

(QA)Q|Aa,-=(aA)(AA')ajA;„ 

or 

(Q, A)> = ^(AA')aj{(»A)A;- (aA')A,}, 

= -J(Aa'K= -iK./i 

••• Q/+aq=q(i+?/r) 

^(h.1x»e)(q->xb./). 

So also it may bo shown that 

In general, if be any two forms, and any invariant 

of / be y=^(ao, £ti, ..a,„), the corresponding invariant of /+ X^, 
viz. : _ _ 

~ ^('*0 "i ^®o> • • ®«i + ^ai») 


- a . a a 

0 ~ ajjr — h ttj— =- + . + a,Hr=^ • 

(>aQ (}a^ c*«m 

Now, if j bn of degree v in the eoefFicients n, it is a homogeneous 
function, and may be denoted symbolically by 

Pa = (P„»o + • • • 

involving wa+ 1 unibwe. 

Thence 

j/+^-e^J-(j>a-^^Par=^aya-’‘py > 

k 

and, comparison of the coefficients of gives 

which is simply a numerical multi)>le of the a - polar of j. 
It must be noticed that (d*) denotes an operator of oraer and 
that it is only equivalent to k successne operations of 6 in the 
[)articular ease when the coefficients Oq, aj,...arc independent of 
the coefficients •* operation of d upon a symliolic 

|iruduct iM very sim]ilo ; suppose A to be a symbol which occurs 
in the product ; it may present itself in a determinant factor say 
(Ap), or in a power form Aj. If wo find we write ^ for A 

wherever A occurs, and thus obtain one term in the result of the 
operation ; the complete result is obtained by summation in ro> 
gard to all the symbols dealt with in this manner. The o))era> 
tion of 8 u]ion a trausvectant, exjiressed as such, is precisely 
similar. 

£x. gr. Lot Fi=(aft)*(a(j)*(6c)®, 

whore /=aj, 0=aj, 

and 8a\ ~ 8h% = 5 cj = oj ; 

then 

«Fi = (a6)a(oc)»(ftc)® + (aa)«(ac)3(ac)» + (ah)\aa)\ha)\ 

= 3(o6)®(aa)*(6a)“. 

Again lot 

where 3/ = 5/' = 3/' ss 0 ; 

then 

«F»= {(0, /')*,/'}♦+ {V. {(/./')». *}*, 

= 3 {(/./')*.«}*. 

So far we niay always gu whatever the values of a.,a|... ; but 
when these are indo]) uduut of Og, a,, ..we may Introduee new 
symbols and obtain 

«»K,=:8(/»6m/Jo)’(l!-a)*+,$(a/9)*(aa)V«)*. 

e/3)’ ; 

«»F,=e6(ym7e)*(o|8)»; 

80 that 

= (oi)*(o«)>(J«)® + 3(i»J )’(aal»(io)X« 

+ 8(a/S)»(«a)»(a/9)>X> + (/Sy)»(a7)^o/J)»X*, 

Also a»rs=3{(«',/')*, 0}*+3V/, <pr. 4>}*, 

=6 j(^, 0')®,/}* : 

3»Fs=6{(0,0')*,«''}‘: 

«'^F2={(/./)’./*}*+8(C/'./)*. 0}*X 
+8{(0, 0')* /n*+ {(«. *7, 01‘X’. 


When, on the other hand, ao,aj,... are fhnotioni of 00 , 01 ,... the 
matter is not so simple, for now (3*) an operator of order k is not 
equivalent to 3*, k successive operations of 3. Write 3s32 ; then 
3^ss(3||)<f 3if3i when 3it3i is an operator formed by operating 
upon 3^ with 3| regarding the former merely as a function of 
oq, o^,... ; so that 

3i+8i=(3,5,)A + (« ; )^+... ; 

doo doi 

write 3)t3iss32, and generally 3it3«sa:3,4.], then it is easy to 
show that 

2l(^) “ ^(^1 “ 0 * 

according to a well-known law established by the theorem 
of operator-transformation given in the section on symmetric 
functions. 

The Partial Differential Eqvxbtione, — It will be shown later 
that covariants may be studied by restneting attention to the 

leading coefficient, viz. , that affeotiug a;* where e is the order of 
the covariant. An important fact, discovered by Cayley, is 
that these coefficients, and also the complete covariants, satisfy 
certain partial differential equations which suffice to determine 
them, and to as(*ertaiD many of their properties. These equations 
can be arrived at in many ways ; the method here given is due 
to Gordau. Xj, X^, Mn H ueing as usual tho coefficients of sub- 
stitution, let 

» , ^ r, 3 . 9 rv 

'‘X 

be linear operators. Then if^, J bo tho original and transformed 
forms of an invariant 

•T = (X/4)-j, 

w being the weight of tho invariant. 

Operation upon J results as follows 

; D;^J=0 ; 

The first and fourth of these indicate that is a homogeneous 
function of X^, X 2 , and of fh separately, and tho second and 
thu’d arise from tho fact that (X/a) is caused to \ anish by botl 
D*^andD^. 

Since J=F(A„ Aj,. .A*, ..), where At=aJ”*o*, 
we find that the results are equivalent to 

k k 

k k 

According to tho well-known law for tho changes of Independent 
variables. Now 

f = (w — k)AiQ ; = kAj^ _ l ; 


so wo obtain 


- 'SA." ° ’’ 


k k 

equations which are valid when X^, X^, A4» A4 have a^itri^ valnci 
and therefore when the values are such that J—j, Aftsas. 

Hence 

OOq Oflq xkX2 

(n _ 1)5,^ + („ _ + ... .0 , 


loading to 
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the complete eyetem of equatioxia eetisfled by an invariant. The 
fourth ehowB that every term of the invariant is of the same 
weight. Moreover, if we add the first to the fourth we obtain 

f!/ 2 m?. 

(JU/i 

k 

where B is the degree of the invariant ; this shows, as we have 
before observed, that for an invanant 

A 

The second and third are those upon the solution of which the 
theory of the invariant may be said to depend. An instantaneous 

deduction from the relation is that forms of uneven orders 

possess only invariants of even degree in the coefficients. The 
two operators 

Wj da^ OUn 

0 = + (n - 1 

oUq doi 

have been much studied by Sylvester, Hammond, Hilbert, and 
Elliott (Elliott, l.e. oh. vi.) It has been established that, if 
F(^, tti,.. Tin) bo awy rational, integral, homogeneous, and isobaric 
function of the coefficients, 

F(Ao.Ai,...A„) 

a result f^om which all the important facts concerning invariants 
may be deduced. 

The analogous partial differential equations satisfied by any 
CO variant y may be established as follows. Wo have 

_J = (XAir+y 

where .T=rF{Ao, Aj,.. (as/x), {\x)} 

y = X2) 

the new variables being ~ (a;/a) = /xgatj ~ /xjajg 
ea=(Xa;)=-Xa»i + V^. 

We then obtain 

Va^ ~ ( M? + e) J , 

k 

k 

k 

2(D^A4)^ + (D^{j)^ = («> + e)J i 

k 

2 - 9J 0J 

(«-*)Aj3j;+t^=(«>+e)J, 

k 

2 _ 3J «J 

A; 

2 ^ dJ 0J ^ 

(^"•^)Ajfc+igA;-^iS^=o, 


0J 0J 


Now, as before, we pass from J toy ; further, wo make use of 
the formula 




and we obtain 


. I ^ . 

'ft-"' 

the complete system. 1 


=M?y ; 


Adding the first and fourth equations wo obtain 
n0--ts=2w, 

the invariant relation connecting the four numbers n, d, e, w. 
The satisfaction of the differential equations is not only necessary 
but it 18 also sufficient To establish this, in the case of in- 
variants lot J be any solution of the differential t-qnationa, in 
which the quantities A* are independent variables, and K any 
other solution. We obtain 


h 


,0K> 

)Xi + 


r^ai 

,aK> 

K= 

0, 

1 , 


.aK' 


1 1 

r„0j 

j?K' 

JXa= 


K*' 

I'*; 


)Xi-i 

K*' 


f'Mij 

:0, 

1, 

i?' 


,aK> 

- — 

fA,y 


1 / ,.aj 

,aK> 

|a*2- 

0. 

h 

[<■ 

,aK' 

■•’Smi, 

)mi + 

K>l 

K- 

-.a' 

f'Mtj 


:0; 


2 

2 


0- 


or, if J=KI.. 

aL ^SL „ ai- ^ai- „ 

As does not vanish, these equations iiucossitate 

rAi (i/it, cAj (tjUj 

showing that L is independent of X„ \j, 

We may put K=(Xya)*^ so that 

J -(X^)-L 

and now putting Xi=/xa~ 1, X 2 = /xi = 0, L becomes equal toy, and 
J = (X/a)"y ; hence this relation is satisfied by every sohitioii j of 
the differential equations. If we have several binary qualities we 
have similarly the two operations 

'o ^ 

0 

"'■ST/ 

which cause the vanishing of a covariant and the invariable 
relation 

^n$ - 2M?=e 

connecting the numbers 711 , 0], 712 , ^ 2 > 

The JSvectatU Process . — If we have a symbolic product, which 
contains the symbol a only 111 determinant factors such as (a6), 
we may write for «„ o^, and thus obtain a product in 

which {ab) is replaced by 6«, (^c) by e, and so on. In particular, 
when the product denotes an invariant w'e mny transform each 
of the symbols a, 6,... to x in succession, and take the sum of the 
resultant products ; wo thus obtain a covanant which is called 
the first evoctant of the original invanant. The second evectant 
is obtained by similarly onerating iii»on all the symbols remain- 
ing which only occur in uotormiuant factors, and so on for the 
higher evoctants. 

£!x. gr. From {aey\bd)\ad){bc) we obtain 
{bd)Xbe)ci/ij. -f 

- )«X - (acy(bc)aghl 

= i(bdy^(bc)cliijg the first evectant ; 

and thence 4<;Jdx the second evectant ; in fact the two evoctants 
arc to numerical factors preSf the cubic covariant Q, and the 
scpiare of the original cubic. 

If B be the degree of an invariant y 


— 07 — Cf — 07 

Bj=^aQj~ + aj^-- + .. +an-=r 

duQ va^ dan 






n-1 ^ ^ , 

= «, .^-+(7, a,'-^ + 

1 -VUi 

and, herein transforming from a to x^ we obtain the first 
evectant 


n \k k n-A-A 


Combinants , — An important class of invariants, of several 
binary forms of the same order, was discovered by Sylvester. 
The invariants in ({uestion are invariants qttA linear transforma- 
tion of the forms tboTnselvos as well as quA linear iransformatioii 

of the variables. If the forms be aj, ftj?, 4',... the Aronhold pro- 
cess, given by the operation 5 as between any two of the forms, 


I 
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causes such an inyariant to vanish. Thus it has annihilators 
the forms 


• d ^ d , - d 

-7 d d T d 

^ 07 =- V ~ + • • • 

(1(Iq »6(j cLit^ 


of 


and Gordan, in fact, takes tlie satisfaction of these conditions as 
defining those invariants which Sylvester termed Combinants.** 
The existence of such fonns seems to have been brought to 
Sylvester’s notice by observation of the fact tliat the resultant of 

aj and must bo a factor of the resultant of + a-i^d 

XrtJ+/aftJI for a common factor of the first jiair must bo also a 
common factor of the second pair ; so tliat the condition for the 
existence of such common factor must be the same in the two 

cases. A leading proposition states that, if an invariant of \ap 

and /u/yj! be considered as a foim in the variables X and /a, and an 
invariant of the latter bo taken, the result will bo a combinant of 
(I 2 and dj. The idea can bo generalized so as to have regard to 
ternary and higher forms oaidi of the same order and of the same 
number of varialdos. 

For further information see Oordan. VorUmngm ilher In’- 
variaiUentheorie, 11. ii. g 6, Tieipzig, 1887 ; E. B. Elliott. 
Alfjeira 0 / Qiiantiea^ Art. 2G-1, Oxford, 1895. 

Associated Fonrts. — A system of forms, such that every form 
appertaining to the binary form is expressible as a rational and 
integral function of the members of the system, is ditticult to 
obtain. If, however, we specify that all forms are to lie rational, 
but not necessarily integral tuuctioiis, a new system of forms 
arises which is easily obtainable. A binary form of order n con- 
tains n indejiendont eonstants, throe of which by liiK'ar trans- 
formation can be given detormiiiato values, the remaining ^ -3 
coefficients, together ivith the determinant of transformation, 
give us 71-2 parameters, and in oonscgueuce one relation must 
exist between any 7t - 1 invariants of tlie iorm, and fixing upon 
n - 2 invariants every other invariant is a rational function of its 
members. Similarly teganling ak additional parameters, 

wo see that every covauant is expressible as a rational function 
of n fixed covariaiits. We can so determine these n covariants 
that every other covariant is expressed in terms of them by a 
fraction whoso denominator is a power of the binary form. 

First observe that with/r=:«" \ 

/c=/ia?i+/a®a» we find 

/_rx . 

{ah)^ — ; 

J X 


and that thence every symiiolie product is equal to a rational 
function of covariants in the form of a fraction whoso denominator 
18 a power of /*. Making the substitution m any symbolic pro- 
duct the only determinant factors that ]ireseut themselves in the 
numerator are of the form («/), (5/'j, (^*),...aud every symbol 
finally appears in the form 

has / as a factor, and may be written /. -w* ; for, observing that 
^ 0 =/* ; where Wo=l ,wi=0, 

assume that J “ ^ =/. w*: = aj • 

Taking the first jiolar with regard to y 

(» - i-)(a/)S»r * ■ - i)*r \ 

,, .,v w fcH-2fe-l , Ti-1 

=Ir(n - 2V7j7ia; + t 

and, writing /a ami -/i for //j and 

(n ~ ^ + ^(71 - 1 ){ah){af)^ ” *“ *^6^ 

Moreover the second term on the loit contains 

(a/) bj, bj, -{bf) Uj, 

if k be uneven, and 

if k be even ; in either case the factor 

(affix- (b/)attsx{ab)ft 

and therefore 

(» - +M ./=A-(» - 2)/. (»/)«*"■“■* ; 

and is seen to be of the form/.7i;t^i. 


We may write therefore 

«»= — j — 

These forms, n in number, are called ** associated forms'* of/ 
Sohwesterformcn *' ** formes assocides ”). 

Every covariant is rationally expressible by means of the forms 
f Ui, tht ... Un since, as we nave seen, Uo=l» ^ ^^7 

to find the relations 

and so on. 

To exhibit any covariant as a function of i« 0 f U], ••• take 

ay + 02 ^ 3 )^ transfonn it by the substitution 

/,y, +/^t = { where /, = ■ * . /s = V* ' * > 

thence 

/• yi=»if +/tn : /• -Av, 

/.a,=ai£ + (a/)ifl, 

and 

Now a covariant of a^^fis obtained from the similar covariant 


of tty by writing therein for 2 / 1 , ya since yi,ya^®''^® 

been linearly transformed to ( and 77 , it is merely neces.sary to 
form the covariants in respect of the form -f- Wai?)**, and then 
division, by the proper power of /, gives the covariant in question 
as a function of/, no= 1 , ua , 1 ^ 8 » ^ > 

Ex. gr.f in the ease of the binary quartio. 


/‘.oJ=C+3AJV+«{n»+ 

.i(’tA/»-A'-2f); 


andjfsafi 


ai,ya,fX3 
, <*4 


which is exactly the relation connecting the five ground forms. 
The above system /, , W 3 , • is not, however, for many 

purposes the most convenient system of associated forms. 
Writing (/,/')**= Gait, ((/,/)” , Hcnniteand Clebsch 
have shown that Ug is expressible in terms of the s forms/, Gai 
HsiOi, ... O, or H, according as a is even or uneven. Heiico, we 
may take this for an associated system appertaining to a form of 
order s. 

Wo have 

Hab+i=(«6)®wr*’''’»r“<'r‘; 

but/.(<i6)=((»/)i*-(6/)o*; iae)e^~^=(<rf ) ; 


Whence expression, by tlie binomial theorem, gives 


or, 

^2k = 2 { W2fc«o + ( 2*')w2fc - 2«2 "" (?)w2fc - 8^8 

and, similarly, 

and, from these, we can express the members of the u system in 
terms of the G and H system. 

As the symbolic expression of forms with two series of eogredientt 
varidbleSf we take 




»?“» = (®j*i + “ifearCoiy, + Vj)" > 

the real expression being ^(”X")gtOA» *~*g?yr 
being of d ggree m in £ 61 , 0:3 and of degr le n in yi , ya> the 
coefficients aiux being arbitrary. 


^ 2^3 > the form 


It may happen that a^Oy is the product of the two forms a^, o^, 
and then . a\ ; this case is included in the general theory. 
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A symbolic product contains factors of seven types, viz. 

(lii.) , (iv.) 0,aj8,=:... , 

(v. ) (ab) , (vi. ) {ap ) , ( vii) {ap ) , 

and, if it is to have a real expression, each letter a, by Cj .. must 
occur times, and each letter a, /9, 7, ... n times. An im- 
portant proposition is the expression of in a series of polars 

of forms, of type each polar being multiplied by 

a power of (asy). Gordan’s formula is 

* " 

and the right-hand side is a simultaneous covariant of the forms 
which involve but one series of variables. 

Other useful series are 

\ n iL “Sn (fcXlf) / /„ Jc A-fc n~fc\ .fc. 

CTa?«*yOy= 1^^^ «« }y (xy) 9 

/ i»^n\n _ , Jc( k )(fc xfc itt - fc n. - k. ^ 

“ Jy = ^( - ) (««) «» «y W) • 

As an application consider the second transvectant of the quartic 

ajwith its Hessian, ; Expand a member of the 

third polar of (aft)aj6j, viz. 

(oi)oJiy = (at) {aJJj } ’ + 1 ( (a4)*ajij} “(ay) 

the first and third terms vanish, and hence 

By a previous theorem if wo transform from y to c and multiply by 
e*. [KYyM becomes 4(Ae)®^=(Aj ,o‘)=. 

Hence 

- (“&)(»c)*‘ 4«*=|(A» .<4)'+5(oi)‘cl 




and 


- (oj)(ic)’ojc.=2{(««)(ic)’»5ft» - (o&)(ic)’«J<*} 

= ^(6c)’a,{ (oc)6, - («6)c* } = ^(6c)M = 


Summary of Remits. — We will now give a short account of the 
results to which the foregoing processes load. Of any form 
there exists a finite number of invariants and covariants, in terms 
of which all other covariants are rational and integral functions 
(cf. Gordan, Band ii. § 21). This finite number of hirms is said 
to constitute the complete system. Of two or more binary forms 
there are also complete systems containing a finite number of 
forms. There are also algebraic systems, as above mentioned, 
involving fewer covariants which arc such that all other covariants 
are rationally oxjiressible in terms of them ; but these smaller 
systems do not possess the same mathematical inbTest as those 
first mentioned. 

The Binary Quadroitie. — ^The complete system consists of the 
form itself, a|, and the discriminant, uhich is the second trans- 
veotant of the form upon itself, viz.: (/,/'')*'*= 
coefficients, - aj). The first transvectant, C/*,/')^ = 
vanishes identically. Calling the discriminant D, the solution of 
the quadratic a|=:0 is given by the formula 

+ \/^)(«o»i+«i®a + ®a \/- y)' 


If the form be written as the product of its linear factors 
the discriminant takes the form The vanishing of this 

invariant is the condition for equal roots. The simultaneous 
system of two quadratic forms aj, oj, say / and 0, consists of six 
forms, viz. ; the two qjuadratic forms/, 0 ; the two discriminants 
and the first and second transvectants of/upon 
(/»0)^ and (/,0)®, Which may be written (aa)a,aa, and (aa)®. 
These fundamental or nound forms are connected by the relation 

- 2{(/, 0)»}»=v*(0 , 0T - sy0C/*, 0)“+ 0V,/)*. 


\ 


If the covariant ^,0)‘ vanishes/ and 0 arc clearly proportional 
and if the second transvectant of (/,0)' upon itself vanishes,/ 
and 0 |K>8se8s a common linear factor ; and the condition is both 
necessary and sufficient. In this case (/, 0)* la a perfect square 
since its discriminant vanishes. If (/, 0)^ be not a perfect square, 
and rtttSm be its linear factors, it is possible to express / and 0 
in the canonical forms Xi(r,)® + X2(«,)®, respectively. 

In fact, if / and 0 have those forms, it is easy to vcrilv tli.it 
(/,0)i=:(XAt)(rs)r*s». The fundamental system connected with 
n quadratic forms consists of (i. ) the n forms 1 hemsolves/i ,/a , . /„, 

(ii.) the (5) functional determinants (/f,/t)\ (ni.) the (”2*) 

invariants C/i>A/» (iv.) the Q) forms C/f ,(/it,/m)/. each such 
form remaining unaltered for any pfumutations of i, k, m. 
Between these forms various relations exist (<f. Gordan, § 134). 
The Binary Cfuhc . — The complete system consists of 

/=«i , (/./)’=(«*)’« A=-4i, (/. A)=(ai)»(c«>^i=(a . 

and 

(A , A')*= iabnednafl){hc) = R. 

To prove that this system is complete wc have to consider 
(/,A)®, (A,A 7. {/yii)\ (/,Q)®, f/,Q)'. (A,Q)t. (A,Q)®, 

and each of these can bo shown either to he zero or to he a rational 
integral function /, A , Q and Ii. These forms are connected liy 
the relation 

2Q‘“4 A®4R/ -0. 

The discriminant of / is equal to the diserinunant of A, and is 
therefore (A,A')®=R ; if it vanishes both / and A liave two roots 
equal, A is a rational factor of/ and Q is a peifect cube , the cube 
root being equal, to a numerical factor to the square root of 
A. The Hessian A^A^ is such that (/, A)®=0, and if / is ex- 
pressible in the form X(pjp)* + p(7*)®, that is as the sum of two 
perfect cubes, wo find that Aj must bo equal to p^q^ for then 
{X(p*)®4 g(5r*)*, iV/*}^=0. 

Hence, if p*, qx be the linear factors of the Hessian Aj, the cubic 
can be put into the form X(p,)®4-M(^^jr)‘'’ and immediately solved. 
This method of solution f.iils when the discriminant R vanishes, 
for then the Hessian has equal roots, as also the cubic f. The 
Hessian in that ca.se is a factor of /, and Q is the third powder of 
the linear factor wliich occurs to the second power in /. If, 
moreover, A \ anishes identically J is a perfect cube. 

The Binary Quart%e.-'-T\\o fundamental system consists of five 

forms 4=/; (/,/)==(»6)“o'*J=4. (/,/>=■(»'-)*=' : (/.A)‘ 

= (flA)4Aj=(a6Xcft)n^j4=^ ; (/, A)* = (aA)<=(nf6X4dX™^ 

=j, viz., two invariants, two quartics, and a ^uxtic. They are 
connected by the relation 

2/“=-’./'A-A»- Ilf. 


The divscrim inant, whose vanishing is the condition that / may 
|)osso8s two ecjual roots, has the expression it is nine 


times the discriminant of the cubic resolvent 

A O 

has also the expression 4{/, I'f. The quartic has four equal roots, 
that IS to say, is a perfect lourth powei, when the Hessian vanishes 
idontically; and conversely This can be verified by equating 
to zero the five coefficients of the Hessian Gordan has 

also shown that the vanishing of the Hessian of the binary n*^ is 
the necessary and sufficient (‘ondition to ensure the form being a 
perfect n** power. The \anislnng of the invariants t and j is the 
necessary and sufficient condition to ensure the quartic having 
three equal roots. On the one* hand, assuming tlie quartic to 


have the form wt find i~ J^ 0 y and on the other hand, 

assuming i=^' = 0, we find that the quartic must have the form 
which proves the proposition. The quartic will 
have two pairs of equal roots, that is, will be a jwrfect square, if 
it and its Hessian merely ditt'er by a numerical factor. For it is 

easy to establish the formula (//.t)“AJ= 2/.^’-’ 2(/j})'‘* connecting 
the Hessian with the quartic and its first and .second polars; 
now a, a root of f is also a root of Aj, and consequently the first 

polar /* = + vanish for the root a, and thence 

and ^ must also vanish for the same root ; which jiroves 

0X2 . n r 

that o is a double root of /, and / therefore a perfect square. 
When /- it will be found that A“ -/. The simplest form 
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to which the quartic is in general reducible ie/ssaeJ+Cwa^+ajJt 
involving one parameter m ; then Aj = 2m(«} + a^) + 2(l - 87?i“)ajJa!* ; 
tss:2(l + 3m*); \ 

The sextic covariant t is seen to be faotorizable into three quadratic 
factors 0=ar a?j, ^=»J+a:®, which are such that the 

three mutual second tranavectaiits vanish identically ; they are 
for this reason termed conjugate quadratic factors. It is on a 
consideration of tliese factors of t that Cayley bases his solution 

>f the quartic equation. For, since -2«*=sA*--^y®A-iy(-/)*, 
le compares the right - hand side with the cubic resolvent 
fc® - LvA; - of /=0, and notices that they become identical 

on substituting A for A:, and -/for X ; henco, if Atj, Ars be the 
roots of the resolvent, 

-2^*=(A + A-,/)(Ah A'a/KA + ^a/); 
and now, if all the roots of / be different, so also are those of the 
resolvent, since the latter, and /, have practically the same dia- 
criniiiiant ; consequently each of the three factors, of - 2 t% must 
be perfect squares and taking the square root 


and it can be shown that 0, x» ^ the throe conjugate 
quadratic factors of t above inontioued. Wo have A + Ai/=^®, 
A + A + Atj/ss:^®, and Cayley shows that a root of the 

quartic can be exiiressed in the determinant form 

the reniaiiiiiig ro()ts being obtained by vary- 
ing the signs which occur in the radicals 
» xi » ^J/' The transformation to the normal 
form I educes the quartic to a quadratic. The 
2/^ = 0 variables are the linear factors of 0. 

7/2=1 Tf0 = r 
to be given by 




8 jf, the normal form of aj, can be shown 


0 is any one of tlie conjugate quadratic factors of so that, in 
determining from \/A + A‘iy=0, A:, is any root of the re- 

solvent. The transformation to the iionnal form, by the solution 
of a cubic and a quadratic, tlieroforo, supplies a solution of the 
quartic. If (X/a) is the modulus of the transformation by w'hich 

aj is reduced to the normal form, i becomes (X/^X* ; 


hence ^ is absolutely unaltered by transformation, and is tennod 
the absolute invariant. Since therefore 

a cubic equation tor determining as a function of the absolute 
invariant 

Memnrk. — Hermitc has shown {Crelle^ Bd. lii.) that the sub- 
stitution, « = * “ , reduces to the form 

J / \// 



dz 


n ^ 

/ u 


3 " 2 



The Binary QiiiTUie, — The complete system consists of 23 forma, of 
which the simplest arc /= aj ; the Hessian H = (/,/')’* ~ j 

the quadratic covariant » = iconic co- 

variant T=(/.(/.r)’‘)' - (/, 

the remaining 19 arc cx])ressiblo as transvcctants of compounds 
of these four. 

There are four invariants (t , f)* ; 

four 1 meal iornis (»*,T)*; (»“,T)® 

three quadratic forms i ; (II, i®)® 

three cubic forms (/,»)*; (/»«*)^; (f®,T)® 
two quartic forms 

three qiiintic, fornih/; (/,^)*; (t®,T)^ 
two scxtic forms H ; (n,t)* 
one septic form (/ ,T)® 
one nonic form T. 

We will write the cubic covariant (/,i)®=i, and then remark that 
the result, (/,j)®=0, can be readily established. The form j is 
completely defined by the relation (/^)®=0 as no other oovariant 
])os8essos this property. 

Certain covariants of the quintic involve the same determinant 
factors as appeared in the system of the quartic ; these are /, H, 
i, T, and y, and arc of special importance. Further, it is con- 
vtMiient to have before us two other quadratic covariants, viz., 


four other linear oovaiiants, viz., 

o«-0'i)V»; y^(Ta)rgg; a=(T/3)T,. Further, in the 

case of invariants, we write A =(»,»')“ take three new forms 
Ba(f,r)®; C3=(r,T')®; Rse(/ 37). Hermite expresses the quintio 
in a forme 4 ype in which the constants are invariants and the 
variables linear oovariants. If a, be the linear forms, above 

defined, he raises the identity ax(o.p)=iaJ^ap) - pj[aa) to the fifth 
power (and in general to the power n) obtaining 

(<tpyMaPy«i - 6(a/sX«»«)«4/S,+ ; 


and then expresses the coeffioionts, on the right, in terms of the 
fundamental invariants. On this principle too covariant ; is ex- 
pressible in the form 

KV = «’ + |Ba?a + ?AC«o* + |c(3AB - 40)*» 

jt 4 i o 

when 8, a are the above defined linear fonns. 

Hence, solving the cubic, 

By = (8 ~ mia){S - m^){d - m^) 
wherein mi, m. are invariants. 

Sylvester showed that the quintic might, in general, be ex- 
pressed as the sum of three fifth powers, viz., in the canonical 
form /=A;,(p*)»-f-A:2(g«)®-f-A*s(r,)®. Kow^ evidently, the third 
transvoctant of /, expressed in this form, with the cubic is 

zero, and hence IVom a property of the covanant j we must have 
J‘^Px 9 x>'it ; showing that the linear forms involved are the linear 
factors ofy. We may therefore write 

/= Ari(8 - m,o)® + k ^{5 - -f A 5(8 - Wga)* ; 

and we have merely to determine the constants A*j, Ar^, A^s. To 
determine them notice that H=(a3) and then 

(/, «»«»)»= - + 

three equations for determining A?], A*», A^. This canonical form 
depends upon J having three unequal linear factors. When 0 
vanishes j has the form and (/,/)* -(<5^X«g)a|=0. 

Hence, from the identity ^ qji(ip\ wo obtain 

required canonical 

form. Now, when 0=0, clearly (see ante) whore 

psr8 + ^Ba ; and Gordan then proves the relation 
6RV=Ba® + 6B«^p- 4AV, 


wliich is Bring’s form of quintic at which wo can always arrive, 
by linear transformation, whenever the invariant 0 vanishes. 

Remark . — The invariant C is a numerical multiple of the 
resultant of the co variants i andy, and if 0 = 0, p is the common 
factor of i andy. 

The discriminant is the resultant of — and ^ and of degree 

8 in the coefficients ; since it is a rational and integral function 
of the fundamental invariants it is eimressiblo as a linear function 
of A'^^ and B ; it is independent of 0, aud is therefore unaltered 
when 0 vanishes ; wo may therefore take / in the canonical form 

6Ry=B8®+6B3®p-4Ay. 

The two equations 

^=5(B«<+4BJ»p)=0, 

|^=5(B8‘-4AV*)=0, 

Op 

yield by elimination of d and p the discriminant 
D=64B-A2 


The general equation of degree 5 cannot be solved algebraically, 
but the roots can be expressed by means of elliptic modular 
functions. For an algebraic solution the invariants piust fulfil 
certain conditions, when R=0, and neither of the expressions 
AC - B®, 2AB - 3C vanishes, the oovariant a« is a linear factor of 
/; but, when R=AC- B*=2AB-3C=0, a* also vanishes, and 

then / is the product of the form yj and of the Hessian ofy^. 
When o, and the invariants B and C all vanish, either A or y 
must vanish ; in the former case y is a perfect cube, its Hessian 
vanishing, and further / contains y as a factor ; in the latter 
case, if be the linear factors of i, / can be expressed as 

if both A and y* vanish i also vanishes identi- 
cally, ana so also does/. If, however, the condition be the vanish- 
ing of t,/ contains a linear factor to the fourth power. 
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Ths Binary The complete system consists of 26 forms, 

of which the simplest are /=aj ; the Hessian H ; the 

quartici»(a6)^aS6j; the oovariants «=(o*)<aJ ; T=(a6)*(c6)aj6jcj; 
and the invariants A = (oft)* ; B = (ti')l There are 

5 invariants; (a, 6)^(i,0^ {l,V)\ ; 

6 of order 2 : f , (/, l^)*, (i, P)\ (/, ((/, i) , /»)« ; 

5 of order 4 : t\ (/, Z)», (i , Z), (/, Z»)», ((/, t) , Z«)* ; 

6 of order 6 WaJ4,(/»0, ((/,0. % (l>,0 ; 

8 of order 8 : H, (/, t), (H, Z) ; 

1 of order 10:(H,t): 

1 of order 12 : T. 

For a further discussion of the binary sextic see Gordan Zoc. cU»t 
Clebsoh Zoc. eiL The complete systems of the quintic and scxtic 
were first obtained by Gordan in 1 868 (Joum. f. Math, Ixix. 823- 
854). Von Gall in 1880 obtained the complete system of the 
binary ootavio {Math. Ann, xvii. 81-52, 189-152, 456); and, in 
1888, that of the binary septimic, which proved to be much more 
complicated {Math, Ann. xxxi. 318-386). Single binary forms of 
higher and finite order have not been studind with complete suc- 
cess, but the system of the binary form of mfmito order has been 
completely determined by Sylvester, Cayley, MacMahon, and 
Stroh, each of whom contributed to the theory. 

As regards simultaneous binary forms, the system of two quad- 
ratics, and of any number of quadratics, is alluded to above, and 
has long been known. The system of the (juadiatic and cubic, 
consisting of 15 forms, and that of two cubics, consisting of 26 
forms, were obtained by Salmon and Clebscii ; that of the cubic 
and quartic wo owe to Giindeltinger {Programm StuttgaTt^ 1869, 
1-43) ; that of the quadratic and quintic to Winter {Programm 
Darmatadtj 1880) ; that of the quadratic and sextic to von Gall 
{Programm Lemjgo^ 1873) ; that of two quartics to Gordon {Math, 
Ann, ii. 227-281, 1870) ; and to Bertini {Patt, Oiom. xiv 1-14, 
1876 ; also Math, Ann,, xi. 30-41, 1877). The system of four 
forms, of which two are linear and two quadratic, has been in- 
vestigated by Perrin {S. M. P. Bull, xv. 45-61, 1887). 

Ternary and Higher Forms. — The ternary form of order n is 
represented B3rmbolically by 

{aiXi+tupit+a^f'=al ; 

and, as usual, 5, c, (Z,... are alternative symbols, so that 

w ,n ti ,n 
— "a; ~ ~ ^x — • * • • 

To fonn an invariant or covariant we have merely to form a 
product of factors of two kinds, viz. determinant factors (a5c), 

{aM)t {bce)f etc and other factors b^, o^, .. in such manner, 

that each of the symbols a, 6 , c, . occurs n times. Such a symbolic 
product, if it does not vanish identically, denotes an invariant or 
a covariant, according as factors a., 5^^, do not or do appear. 
To obtain the real form we multiply out, and, in the result, sub- 
stitute for the products of symbols the real coeflicionts which they 
denote. 

For example, take the ternary quadratic 
(a^ajj + OaSBa + « J » 

or in real form aixi^ + ba^ + cs^’i^2/x^x^-^2gx^^+2hx^x^. We can 
see that {abc) ajbgfix is not a covariant, because it vanishes iden- 
tically, the interchange of a and h changing its sign instead of 

leaving it unchanged ; but is an invariant. If be 

different forms we obtain, after development of the squared deter- 
minant and conversion to the real form (employing single and 

double dashes to distinguish the real coefficients of and cj), 

a(6V'+ 5V - 2fT) + Kc'a” + - 2//) 

e{aT ^ a”V >• ^•h”) + 2 Mh” + f/%* - a'f - aT) 

-f 2g{Wr + ' - 5y - v/) + 2 h{ff +/y - c'r - iTM) ; 

a simultaneous invariant of the three forms, and now suppressing 
the dashes we obtain 

^{ahe + 2fgh - o/* -hg^- c^*), 

the expression in brackets being the well-known invariant of fl|, 
the vanishing of which expresses the condition that the form may 
break up into two linear factors, or, geometrically, that the conic 
may represent two right lines. The complete system consists of 
the form itself and this invariant. 

The ternary cubic has been investigated by Cayley, Aronhold, 
Hermite, Briosohi, and Gordan. The principal reference is to 
Gordan {MaJth, Awn, i. 90-128, 1869, and vi. 436-512, 1873). The 
complete covariant and contravariant system includes no fewer 
than 84 forms ; from Us complexity it is desirable to consider the 
cubic in a simple canonical form ; that chosen by Cayley was 
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aaj*-f5i/*+c*»-l-6<Zaj|^s {Amer. J, Math, iv. 1-16, 1881). Another 
form, associated with the theory of cdliptic functions, has been 
considered by Dingeldey {Math, Ann. xxxi. 157-176, 1888), viz. 
a5y®-4**+^f5A + / 78 a!», and also the special form of the 

cuspidal cubic. An investigation, by non- symbolic methods, is 
duo to Mertens {Wten. Ber. xcv. 942-991, 1887). Hesso showed 
independently that the general ternary cubic can be reduced, by 
linear transformation, to the iorm 

SR*’ 4 y ® -f 6 wijr »/r, 

a form which involves 9 independent consianta, as should bo the 
case ; it must, how'cvor, Iw rcraarkod tliat the counting ol con- 
stants is not a sure guide to the existence of a coiyoctuj cd canonical 
form. Thus the ternary quartic is not, m general, expressilde as 
a sum of five 4th poweia as tlio counting of ( onstants might have 
led one to expect, a theorem due to Sylvester. Hesse’s canonical 
form shows at once that there cannot be more than two independ- 
ent invariants ; for if there wore throe w'o could, by elimination 
of the modulus of transformation, obtain two functions of the 
coefficients equal to functions af t/i, and thus, by elimination of w, 
obtain a relation between the coefficn'iits, showing them not to 
bo independent, which is contrary to the hypothesis. 

The simplest invariant is 8~(abc)(abd)(acd)(bai) of degree 4, 
which for the canonical form ol Hesse is m{l - ;/»•*) ; its vanish- 
ing indicates that the form is expressible as a sum of three cubes. 

The Hessian is symbolically and for the canonical 

form (H-2m*)a?ys- By the process of Aronhold 
we can form the invariant S for the cubic aJ-l-XHJ, and then the 
cooffioicnt of X is the second invariant T. Its symbolic expression, 
to a numerical factor jjres, is 

(IJbr)(Hbd){ncd)(bcd), 

and it is clearly of degree 6. 

One more covariant is requisite to make an algebraically com- 
plete sot. This IS of degree 8 m the coefficients, and degree 6 m 
the variables, and, for the canonical ibnn, has the expression. 

- 9w"(ar* 4- y* 4- s*)® - {2tn 4- 5 m* 4- 207/i^)(r* 4” ?/* 4- :^)xyz 

- (16m* 4 7 - 1 2?n*)a;V“s“ + ( 1 4* 8 m*)*( 2 /*^ 4- •+• a?V)* 

Passing on to the ternary quartic wo find that the number of 

ground forms is apparently very great. Gordan {Math. Ann, xvii 
217-233), limiting hiiUHclf to a particiilai case of the form, has 
determined 54 ground forms, and Maisano {Balt, G, xix. 108-237, 
1881) has determined all up to and including the 5th degree in 
the coefficients. 

The system of two ternary quadratics consists of 20 forms ; 
it has boon investigated by Gordan {Clebsch-Lindemann^s Vor- 
lesungen, i. 288, al.so Math. Ann. mx. 529-552) ; Perrin {S, M. F. 
Bull, xviii. 1-80, 1890) ; Rosanes {Math, Ann. vi. 264) ; andGer- 
baldi {Annali (2), xvii. 161-196). 

Ciamberhni has found a system of 127 forms appertaining to 
three ternary quadratics {Bait. G. xxiv. 141-157). 

Forsyth has discussed the algebraically complete sets of ground 
forms of ternary and quaternary forms (see Amer, J. xii. 1-60, 
115-160, and Gamb, Phil, Trans xiv. 409-466, 1889). He proves, 
by means of the six linear partial differential etpiations satisfied 
by the concomitants, that, if any concomitant be expanded in 
powers of ajj, as^, xa, the point variables— -and of wj, Wj, i/g, tno contra- 
grediont line variables — it is completely determinate if its leading 
eoetficiout be known. For the iinipartite ternary quantic of order 

n he finds that the fundamental system contains ^(n4-4)(7i- 1) 

individuals. He successfully considers the systems of two and 
three simultaneous ternary quadratics. In Part III. of the Memoir 
ho discusses bi-ternary qualities, and in particular those whicli 
are lineo-linear, quadrato-linear, cubo-linear, quadrato-quadralic, 
cubo-cubic, and the system of two lineo-linear quantics. He show s 
that the system of the bi-tornary n^mF comprises 

i(n + 1 )(» 4* 2){m + 1 )(m 4- 2) - 3 individuals. 

Bibliographical references to ternary forms are given by Forsyth 
{Amer. J. xii. p. 16), and by Cawley (Amrr. J. iv. 1881). 

IV. Enumerating Gkneuating Functions. 

Professor Michael Roberts {Quart. Math. J. iv.) was the first to 
remark that the study of covariants may be reduced to the study 
of their loading coefficients, and that from any relations connect- 
ing the latter are immediately derivable the rolatioiis connect- 
ing the former. It has been shown above that a cjivariant, in 
general, satisfies four partial differential equations. Tw^o of weso 
show that the leading coefficient of any covanant is an isobanc 
and homogeneous function of the coefficients of the form ; tnc 
remaining two may be regarded as operators which cause tne 
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vanishinff of the covariaut. These maj be written, for the 
Liimrv 


binary n®, 

or in the form 
where 


0-x.A=o,0-x.A.O; 




Ijet a oovariant of decree c id the variables, and of denee $ in the 
coefficients (the woij^ht of the leading coefficient being w and 
bo 

Coa:I + ecia?J~^a?2 + **- • 


Operating with 0 wo find OCq^O ; that is to say, Cq satis- 

fies o/ie of the two partial differential equations satisfied by an 
invariant. It is for this reason called a semin variant, and every 
seniin variant is the leading coefficient of a covariaut. The whole 
theory of invariants of a binary fonn depends u]>ou the solutions 
of the equation 0. Before discussing these it is best to trans- 
form the binary form b^ substituting 1 lai,2 !aa,...7i !an, 
for ,<^ 3 , a, . ttn respectively ; 
it then becomes 

aoa!r+waxa;J“^aj2 + »(»-l)o2®?~^i*?2 + *** 

and Q takes the simpler form 

d , d , d , , d 

^dai ^^da2 ^ ^^da^ ^ ‘ ‘ * ^^^dan * 

One advantage wo have obtained is that, if wo now write Oq^O, 
and substitute a,^i for <t, when sr^O, wo obtain 

dd.d d 

which is the form of O for a binary w. ~ 1^. 

Hence, by merely diminishing eaidi suffix in a seminvariant by 
unity, we obtain another soniiu variant of the same degree, and 
of weight w-6f appertaining to the n - 1***. Also, if we increase 
each suffix in a sunn n variant, wo obtain tcrins, froo from ao, of 
some seminvariant of degree e and weight w~\-6. jEx. t/r. from 
the invariant a® 2ai«g-f 2a^ya^ of the quartic the diminisliing pro- 
cess yields af - 2ao^g, the leading coofiicient of the Hossian of the 
cubic, and the increasing process leads to which 

only requires the additional term - 2ao<%Q to l)ecoino a seminvariant 
of the sextio, A more important advantage, springing from the 
new form of 0, arises from the fact that if 

aJ»» - -f asgJ"’® -•••(- )"«« ” (» - «i)(» ■ og) ••(*•" »n) , 

the sums of powers ...Ea” all satisfy the equation 

0 = 0. Hence, excluding ao> we maj, m partition notation, write 
down the fundamental solutions of the equation, viz. — 

(2), (3), (4),. (n), 

and say that, with ag, we have an algebraically complete system. 
Every symmetric function deiiutod by partitions, not involving 
the nguro unity (say a non-niiitary symmotrie function), which 
roniaitis unchanged by any increase of n, is also a seminvariant, 
and we may take if we jiloase another fundainontal system, viz. — 

"0.(2). (3). ( 22 ). (32), ..( 2 *") or (32^“"*^). 

Observe that, if wo subject any symmetric function {piP^s ) f® 
the diminishing process, it becomes • )• 

Next coDsidov the solutions of 0=0 which are of degree 0 and 
weight w. The general term in a solution involves the product 

a^** wherein Sir ~ 0, 2»ir,= w; the number of such pro- 
ducts tnat may appear depends upon the numlier of jiartiiions 
of w into 9 or lower parts limited not to exceed n in magnitude. 
Let this number lie denoted by {w ; Oy n). In order to obtain the 
Boniinvariants wo would write down the {w ; 9y n) terms each asso- 
ciated with a literal coefficient ; if wo now operate with 0 we 
obtain a linear function of (i4>- 1 \ 0yn) products, for the vanish- 
ing of which the literal coefficients must satisfy (w - 1 ; n) linear 
equations ; hence ( 1 /’ ; 0y w) - ( 1 /* - 1 ; w) of these coefficients may 
bo assumed arbitrarily, and the number of linearly independent | 
solutions of Q=0, of the given ilegroo and weight, is precisely ’ 
(t/; ;0,n)-‘(w-l ; 0y n). This theory i.s due to Cayley ; its validity 
depends upon showing that the (k>- 1 ; n) linear equations 
satisfied by the literal coefficients are independent ; this has only 


recently been established by E. B. Elliott. These seminvariants 
are said to form an asyzygetio system. It is shown in the Article 
on Combinatorial Analysis that (ie;d,n) is the coefficient of 
afi in the ascending expansion of the fraction 

1 

1 - a. 1 - as. 1 - as*. ...1 - as"* 

Hence (ie ; d, n) - (to - 1 ; d, n) is given by the coefficient of 
in the fraction 

V-z 

l-a,l -as.l-as*....l-as".* 

the enumerating generating function of asyzygetio seminvariants. 
We may, by a well-known theorem, write the result as a coeffi- 
cient of sM in the expansion of 

1 - s"+^.l — s"+*. ...1 — a!"4^ ^ 

1-s*.T-s3.T.1-? * 

and since this expression is unaltered by the interchange of n and 
d we prove Hermite's Law of Keciprocity, which states that the 
asyzygetio forms of degree 0 for tne are oquinumorous with 
those of degree n for the d*«. 

The degree of the co variant in the variables is e=ttd-2tc; 
consequently we are only concerned with positive terms in the 
developments and (to, d, «) - (v) - 1 ; d, ») will be negative unless 
nd~2t<ii^0. It is convenient to enumerate the seminvariants 
of degree 0 and order e = nd - 2i/i by a generating function ; so, in 

the first written generating function for seminvariants, write ^ 
for z and az" for a ; we obtain 

1 -S-* 

1 - az". 1 - az"“*^.l -az"“^. . . 1 - az”"**^. i - az“"+*. 1 - as”" 


in which we have to take the coefficient of a^z"^2w, the expansion 
being in ascending powers of a. As we have to do only with that 
part of the expansion which involves positive powers of z, we 
must try to isolate that portion, say An(z). For n=2 we can 
prove that the complete function may be written 

where 

and this is the reduced generating function which tells us, by its 
denominator factors, that the complete system of the quadratic 
is composed of tlic form itself of degree order ], 2 shown by az*, 
and of the Hessian of degree order 2, 0 shown by «'**. 

Again, for the cubic, wo can find 

1 f/®S° 


where the ground forms are indicated by the denominator factors, 
viz. : those are the cubic itself of degree order 1,3; the Hessian 
of degree onler 2, 2 ; the cubi-covariant O of degree order 3, 3, 
and tile quartie invariant of degree order 4, 0. Further, the 
numerator factor establishcB that these arc nut all algebraically 
independent, but are connected by a syzygy of degree order 6, 6. 

Similarly for the quartic 

1 - V* 


establishing the 5 ground forms and the syzygy which connects 
thorn. 

The process is not apjdicable with complete success to ijuintic 
and higher ordered binary forms. This arises from the circum- 
stance, that the simple syzygies between the ground forms are 
not all independent, but are connected by second syzygies, and 
these again thiiri syzygies, and so on ; this introduces new 
difficulties which have not been completely overcome. As regards 
invariants a little further progress has been made b^ Cayley, who 
established the two generating functions for the quintio 


l-a« 


and for the sextic 


1 -a^.l -a“.l - a^*.l -a^®* 

1 “ a*° 

1 - a*. 1 - a*. 1 - aM - a". 1 ~ a” 


Accounts of further attempts in this direction will be found in 
Cayley’s Merrmra on Quantics (Collected Papers), in the papers of 
Sylvester and Franklin (Amer, J, i.-iv.), and in Elliott’s Algebra 
of QuanticSy chap. viii. 

" Parpetuar^a . — Many difficulties, connected with binary forms 
of finite order, disappear altogether when we come to consider the 
form of infinite order. In this case the ground forms, called also 
perpetuants, have been enumerated and actual representative 
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seminvariant forma established. Putting n equal to oo, in a 
generating function obtained above, we find that the function, 
which enumerates the asyzygetic semin variants of degree B, is 

1 

that is to say, of the weight w, we have one form corresponding 
to each non-unitary partition of w into the parts 2, 3, 4, . 0. 
The extraordinary advantage of the transformation of Q to associa- 
tion with non-umtary symmetric functions is now apparent ; for 
wo may take, as representative forms, the symmetnc functions 
which are symbolically denoted by the partitions referred to. 
Mx, gr.j of degree 8 weight 8, we have the two forms (3*2), «(2^). 
If we wish merely to enumerate those whoso partitions contain 
the figure and do not therefore contain any power of a as a 
factor, we have the generator 


If ^=2, every form is obviously a ground fonn or perpotuant, 
and the series of forms is denoted by (2), (2*), (2*), .. (2*+^) . . 
Similarly, if ^~3, every form (3*+^2^) is a perpetuant. For 
these two cases the perpotuants are onumeratod by 

Mti 

r-i»’ 

respectively. 

When it is clear that no form, whose partition contains a 
part 8, can be reduced ; hut every form, whoso partition is com- 
posed of the parts 4 and 2, is by elementary algebra reducible by 
moans of perpotuants of degree 2. These latter forms arc enumer- 
ated by j ; hence the generator of quartic porpetuants 
must be 

_ s’ 

and the general form of perpetuant is (4'''^ ^3^‘1'^2^). 

When the reducible forms are ooiiiicoted by syzygios 

which there is some difliculiy in enumerating. Sylvester, 
Cayley, and MacMahon succeeded, by a laborious process, in 
estoblishing the generators for ^=5, and viz. : 

^1 

* i - z\\ -. C‘‘7l - z*A * 

but the tnio method of procedure is that of Stroh w'hieh we are 
about to explain. 

Method of l^troh — In the section on “Symmetric Fuiictionb,** 
it was noted that Stroh coiisulers 




where <ri + 0-2+.. +<r^ = 0and 


Jl 8 
_*2 
s’ S\ 


a0 

s' 


=a, symbolically, to 


be the fundamental form of seniiu variant of degree 0 and weight 
w ; he observes that every form of thi.s degree and weight is a 
linear function of such symbolic exjiressions. W o may write 


(l+<rif)(H-^2^) (l+<r^f)=:=l + A2f* + A3f* + „ 1 


If we expand the symbolic expression by the multinomial 
theorem, and remember that any symbolic product 
retains the same value, however the suffixes be permuted, we 

shall obtain a sum of terms, such as -j*- , 

ITj! Wy' ITsl 

which in real form is w ' 

press . in terms of Aj, Aj, . . and arrange the whole 

as a linear function of products of A2, As, . , each coefficient will 
be a seminvariant, and the aggregate of the coefficients will give 
us the complete asyzygetic system of the given degree and weight. 

When the proper degree ^ is < a factor a!^'*^must be of course 
understood. 

Ex, gr, 

1 

+ CTsOa-f- irgos -f 0^0,^)^ - -H 

=a2( -2Aa)-|-a*Aa-(a; ~ 2aa)Aa=:(2)AaSa?(2)Aa. 

In general the coefficient, of any product will have, 

as coefficient, a seminvariant which, when expressed by parti- 
tions, will have as leading partition (preceding in dictionaiy 
order all others) the partition (wiiraira ..). Now the symbolic 
expression of the seminvariant can be expanded by the binomial 
theorem so as to be exhibited as a sum of products of seniinvariants, 


of lower degrees, if er|a|-i-<r./ia + can be broken up into 
any two portions 

(d-jOi + (Tafia +... + (r,o,) + -I- <rH-2tt,+2 + . . . + (t^^), 

such that (Tj + (Ta +•...+ ff, = 0, for then 

and each portion raised to any power denotes a seminvariant. 

Stroh assumes that every reducible seminvariant can in this way 
be red uced. The existence of such a relation, as ^1 + 0-2+ . f <r,= 0, 
necessitates the vanishing of a certain function of tlic coefficients 
Aa, A3, A^, and as a consocjuenco owe product of these coefficients 

can be eliminated from the expanded form and no seminvariant, 
which appears as a coefficient to such a product (which may be 
the whole or only a part of the complete product with which the 
seminvariant is associated), will ho cajNihlo of reduction. 

Ex. gr, for ^=2 , ((TiOi - f <raa2)“' ; either a-j or <t 3 will vanish if 
(rj<raSsAa=0 ; but every term, in the development, is of the form 

(222... )At" and thendbre vanishes ; so tliat none are left to 
undergo reduction. Therefore every form of degree 2, except of 
course that one whose weight is zero, is a i)orpetuant. Tlie 

generating function is Yzrzi 

For ^=3, ((Tittj-l-ffaOa+^raaa)"’ ; the condition is clearly (Tjcraa-j 
= A3=0, and since every seminvariant, of proper dogivej 8, is 
associated, as coefficient, with a jiroduct containing A3, all such 
are perpotuants. The general fonn is (3*2^) ami the generating 

function 1— 

For 6 ^= 4 , ((riOi + (r20a+(ra^3 + (r4a4)’^' ; the condition is 

<Ti(T2<r8‘»’4(<Ti + + (r3)((r, 4 ~ A4A3 ■= 0. 

Hence eve^ product of Aj, An, A.,, A4, which (jontains the pro- 
duct A4A8 disappears before reduction ; this means that every 
seminvariant, whose partition contains the j>arts 4, 3, is a por- 
petuant The general form of perpotuant is (4*3^2^) and the 
generating function ^ 

r^£*.l-"^M'- z** 

In general when 0 is oven and the condition is 

(TjiTa (r.3^TI(ffi + <ra)lI(<Tj 4 <Ta + (T3) + 0^3+ 4 ^r^) == 0 ; 

and wc can deterniino the lowest weight of a perpetuant ; the 
degree in the (|uaiititicH a is 

20-1 (■|) + (‘^)-K. -I-^“/)=22*-1-1=2»-'-1. 

Again, if 0 is uneven —20 + 1, tlio condition is 

<Tj(T2 . . (Tjj^-f lll(<^l + <?2)n(<Ti + (T., + <T.,) .n(<rj H (Ty + • ■ 4 CT^) = 0 ; 

and the degree, in the quantities tr, is 

20-fi+r.r)4fv’(+ -hw 


Hence the lowest weight of u iierpctuant is 2*"* - 1, \ihen 0 is 
>2. The generating function m thus 
..2^" ^-1 


The actual form of a perpetuant of degree 0 has been sliown by 
MacMahon to be 

00-4 








9-3 




4 4 K342'' 

I’d' 


.2‘»). 


K0J Ko being given any zero or positive integer values. 

Si'tnultaneous Seminvariants of two Binary Forvis. — Taking the 
two forms to be 

+paix \ ” -^ pip - 1 4- . . . 4- rtj>a! 2 » 

b(fXi 4- qbiXi " ^ J?2 + ^ ~ 1 )^2®i “^*2 + • Ms » 

every loading coefficient of a simultaneous covariant vanishes by 
the opratiou of 



Observe that we may employ the principle of suffix diminution 
to obtain from any seminvariant one ajipertaiiiiiig to a - I*' and 
a and that suffix augmentation producc.s a portion of a 

higher seminvariant, the degree in each case remaining unaltered, 
i^mark, too, that w*e are in association with non-unitary sym- 
metric functions of two systems of quantities which will bo 

S. I. — 39 
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denoted partitiouB in brackets ( }«, ( )a respectively. Solving 
the equation 

(O^+( 26 )w= 0 , I 

by the ordinary theoiy of linear ])ai*tial differential equations, wo 
obtain p + + l independent solutions, of which p appertain to 
Oaii-0, q to O6?^ = 0; the remaining one is the 

leading coefficient of the .Jacobian of the two forms. This con- . 
stitutes an algebraically complete system, and, in terms of its 
members, all sominvariants can bo rationally exiiressed. A 
similar theorem holds in tfie case of any number of binaiy fonns, 
the mixed seminvariants being derived from the Jacobians of the 
several pairs of fonns. If tJie seniin variant be of degrees in 
the coefficients, the fonns of orders q rospoctivoly, and the 
vroight the degree of the covariant in the variables will be 
p9-^q0' an easy generalization of the theorem connected 

with a single form. 

The general term of a soininvariant of degrees f?, O' and weight 
w will be 

p ^ r ^ 

where Sp, = $ , Sat, = O' and - w, 

11 11 

The number of such terms is the number of partitions of w into 
$■{■0' parts, the part magnitudes, in the two portions, being 
limitea not to exceed p and q resjiectively. Denote this 
number by (wi \ 0^p q). The number of linearly independent 

semin variants of the given typo will then bo denoted by 

(m> \e,p\ O', q) - {w ' 1 ; d, ; O', q ) ; 
and will bo given by tho coefficient of in 

ij-Z , 

1 -rt.r-as.l-r/i**. ... 1 -US’* 1-* l-bz,l-bz^ , 

that 18 , by the coefficient of in 
1 - 2>‘+M - . 1 1 

1 “ 1 - i - 2*-*. 1 - . \~z^~ ' 

which jiresorves its exprosHion when B and p and O' and q are 
separately or simultaiieously intorchaiigod. 

Taking tho first gonorating function, and writing azP,bzv,^^ 
for a, b, and z resjioetively, wo obtain the coefficient of 

II, jg oUBhtfz^, in 

1 . -M 

l-ftJ* l .7.1 ‘-'.I - i/j- 1 - 1 > 

the unreduced generating function which enuinerates the co- 
variaiits of degrees 0, O' in the coeflicients and order e in tho 
variables. Thus, for two linear fonns, ^ 1 = 17 = 1 , wo find 

1 

tho positive part of which is 

1 - < 12 . 1 - 62 . 1 - a6 ’ 

establishing tho ground forms of degroes-ordor ( 1 , 0 ; 1 ) , ( 0, 1 ; 1 ) , 
( 1 , 1 ; 0 ), viz. -.—the linear forms thomsolves and their .Jacobian 
Jab- Similarly, for a linear and a quadratic, j: 7 ~l ,9 = 2 , and tho 
reduced form is found to bo 

1 -«W 

1 - dzA - f-~dbz . 1 - 6M - a*6* 

where the denominator factors indicate the forms themselves, 
their Jacobian, tho invariant ot the quadratic an<l their resultant ; 
connected, as shown by tho numerator, by a syzygy of degreos- 
order (2,2 ;2). 

Tho conijdcto theory of tho iierpotuants appertaining to two 
or more forms of inlinito order has not yet boon established. For 
two forms tho sominvariants of degrees 1 , 1 are onumoratod by 

j-^, and tho only one which is reducible is ao6o of weight zero ; 

hence the porpotuaiits of degrees 1 , 1 are emimoratod by 



and the series is evidently 

®o^i "■ ®i^o » 

«^ 6 ij — <ij 6 j + ((^)o f 

~ “b ~ <*8^0 f 


one for each of tho weights 1 , 2 , 8 , ... ad infin. 

For the degrees 1, 2, tho asyzygotic forms are enumerated by 

1 actual fonns for the first three weights are 


«o(JI“26^), 

(sfA - + Oa^i ” “ 8 ®o)®o » 

«o(6i6j-.36o63)-a,(6}-26o6»); 


amongst these forms are included all the asyzygetio forms of 
degrees 1 , 1 , multiplied by 69 , and also all the per]>etuants of the 
second binary form multiplied by < 7 o ; hence we have to subtract 

1 s® 

from the generating function ^ and and we obtain tho 

generating function of perpetuants of degrees 1 , 2 
1 1 2 ® . 

l-s.l-‘i® l-s“r- 2 ® 1 - 2 . 1 - 2 ®’ 


Tho first perpotuant is tho last serainvariant written, viz. ; — 

®o(^o^a “* ^ 1(^1 “■ 

or, in iiartition notation, 

flo(21)ft-(l)a(2)5; 

and, in this form, it is at once seen to satisfy tho partial differ- 
ential equation. It is important to notice that the expression 

denotes a seminvariant, if 0, O', bo neither of them unity, for, 
after o^ieratiou, the tenns destroy one another in pairs ; vrhen 
0=0, {0)a must he taken to denote and so for O'. In general it 
is a seminvariant of degrees 0, O', and \reight 0^-0' ¥8 \ to this 
there is an exception, viz., when 6 = 0 , or when 6 ' = 0 , tho corre- 
sponding partial degrees are 1 and 1 . When 0=0'=0, we have 
tno general porpetuant of degrees 1 , 1. There is a still more 
general form of seminvariant ; wo may have instead of 0, O' any 
collections of non-unitary integers not exceeding 6 , O' in magni- 
tude respectively. Ex. gr. 


is a seminvariant ; and since these forms are clearly enumerated 
1-2. 1-2®.. l-2«.l 2®. i -28". .".1-26'* 


an expression which also euiiinerates the asyzygotic sominvariants, 
w^o may regard tho form, written, us denoting the general form of 
asyzygotic semin valiant ; a very imjiortant conclusion. For tho 
case in hand, from the simplest porpetuant of degrees 1 , 2 , w'e 
derive tho ]>orpotuantB of weight w, 

«o(21«'-’®)6-a^(21«'-8)t -Ki.,( 21«'-<)8 - ... iff«,-.a(2)8, 
ao(2®]«'-^8-a,(2®l«-»), + aa(2®l«'~«),- .. ±<*„-4(2®)6, 

- <?.i(2n«-7), + a,( 28 l^- 8 ), - . . . ± «*_ 8 ( 2 ®)ft , 


a series of ^(w- 2 ) or of - 1 ) forms according as w is even or 

uneven. Their number for any weight w is the number of ways 
of composing t/; - 3 with tho parts 1 , 2 , and thus tho gonorating 
function is verified. We cannot, by this method, easily discuss 
tho perpetuants of degrees 2 , 2 , because a syzygy presents itself 
as early as weight 2 . It is better now to proceed by the method 
ofStroh. 

We have tho symbolic expression of a seminvariant, 

^(critti -f (Tgag f . . H -I -t- rjj/3jj 

whore 


and 


a a 

“l = -3=r 
s! 8\ 

<ri + <r.. -h . . 


*’«! s!" 


+ <rfl-bTi-J-ra + 


+ T^ = 0 . 


Proceeding as wo did in the case of tho single binary form wo 
find that for a given total degree the condition which 

expresses reducihility is of total degree 2 ®+^”^-! in the co- 
efficients <r and r ; combining this with the knowledge of the 
generating function of asyzygotic forms of degrees 0, 6 , we find 
that tho perpetuants of these degrees are enumerated by 

i 1 - 1 1 1 -*». ...1 - 1 ** ’ 


and thU is true for 0+S’=2 ae well as for other values of 9+0 
(comi>are the case of the single binary form). 
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Obserre thftt, if there be move than two binary forme, the i 
weight of the simpleet peri)etuant of degrees 0\ ; 

1 - 1, as can bo seen by reasoning of a similar kind. 
To obtain information concerning the actual forms of the per- 
petuants, write 

(1 + <riaj)(l + cr^)...(l + <r^) « 1 + Aiaj+ Agaj* + . . . + A^ 

(1 + ria5)(l + T^) . . .(1 + T^) =5 1 + BjSb + + . . + B^aj®' 

where Ai + Bj=0. 

For the case ^s=l , ^' = 1 , the condition is 

<riTi=AjBi=0, 

which, since Aj-f Bi=:0, is really a condition of weight unity. 
For w=l the form is Aiai + Bj6j, which wo may write 

remaining periwituanis, enumerated by- — , 
have been set forth above. 

For the case ^=1, ^'=2, the condition is <rir,rj,=AiB2s=:0 ; 
and the simplest perpetuant, derived directly from the product 
AxBs, is (l)a(2)6- (21^4 ; the remainder of those enumerated by 

1 -- s . 1 represented by the form 

X, and /ug each assuming all integer (including zero) values. For 
the case = the condition is 

<ri(r2Tirg(<ri + <ra)(<ri + Ti)(<ri + ra)= - ASBiBg- AjAgBJ =0 . 

To represent the simplest perpetuant, of w'oight 7, wo may take 
as base either A^BjBg or AjAghl, and since Aj-f Bj-O the former 
is equivalent to AjA^Bg and the latter to AgBjB^ ; so that 
we have, apparently, a choice of four products. A^BjBg gives 
(2«)«(21)6 - (2^1)„(2)5, and A^AJBg, (2n)a(2)ft - (22)«(2] )u ; these two 
merely differ in sign; and smiilarly AglLB^ yields (2)a(22l)ft~ 
(21)4(2*)5, and that due to AiAgBJ merely diftors from it in sign. 
We will choose from the forms in such manner that the product 
of letters A is either a nowor of A^, or does not contain A^ ; this 
rule leaves us with AJB,Bg and AgBiBg ; of those forms wo w'lll 
choose that one which in letters B is earliest in ascending dic- 
tionary order ; this is AJBjBs, and our earliest perpetuant is 
(2a)a(21),-.(2n)a(2)„ 

and thence the general form enumerated by the generating 
function 

(2*«+*).(2M+hw+l),_ (2^+*1).(2 W+H»‘i)»+ •• 

For the case 0's=3 the condition is 

1 + '*’l)(®’l + ‘^ 2 X ^1 + '*'») = -A-jB J +|K{ BgBj = 0 . 

By the rules adopted we take A^BgBg, which gives 
(l*)a(32),-(l)a(321)6 + ao(32]2),, 

the sim}>1est |>erpotuant of weight 7 ; and thence the general 
form enumerated by the generating function 
• ^7 


viz. . • +ao(3'^'' 

For the case 0=2, 0'=3, the condition is 

(rj(rsriT 2 Ts((ri + <r2)(c-i + r,)(<ri + ra)(<r, + rg)(<ra -i’ Tj)(<r 2 + T2)(o'a + r,) 
^ (n + Ta)(ri + t,)(t2 + 75) = 0 . 

The calculation results in 


- AJBsBgB? + 2ASB8BJBJ - A5B3B5B? + A$B;Bi - 2ASB»BgB, 
-AJBJBgBj-f A!BgBi|Bi + A2BjBJB;+A5BgB}-2AaB;BaBf 
+ AaBJBjssO . 

By the rules wo select the product A ^BaBaB} , giving the simplest 
perpetuant of wmght 15, viz. : — 

(2*)e,(321*)» - (2*1)«(321)4 + (2*1«)«(32)* ; 
and thence the general form 


due to the generating function 

(1 -z)(l -*»)*(! -s»)- 
For the case 0 = 1 , 0'=4, the condition is 

(ririraT8T4(<ri + r,)(fl'i4 T2)(.fi4 r3)(<rj + r4)n(r,+T,)=0 ; 

tho calculation gives 

AiB4(A}B,+ AjB,+B 4)( - BJ - AiBgB,- AJB4)=0. 


Selecting tho product A}B 4 B,B|, we find the simplest i»er- 
petuant 

(1^).(482*)5 - (I8)a(432®l + (l»)«(482ai2), - (1 )«(432«13), 
and thence the general form 

due to the generating function 

' jlS 

1 - ; . 1 • 


The series may be cuntiniiod, but tho calculatioiih soon become 
voi^ laborious. 

TAree Binary Ftnrns — Taking the partial dogiees of a sem- 
invariant of three binary forms to be 0 , 0 '. 0", an easy generaliza- 
tion of the foregoing leads to the generating Junction 

__j 

0 -G -r^Xl 0 -.’*Xl - A- d 

of the asyzygetic forms. If wo place as minieiator to this 

fraction 38 ®+®*^^ - 1 we obtain tbo generator of tbe perpetu- 

ants. To obtain represontatno forms ol porpotunnU wo lequirc 
a general solution of tho partial diirerontia) equation 

(v/v/ )=®- 

or say Oa + 0 * + 12 e 0 . 

Tho general form of solution of ( 2 ^ \ f 2 ,. = 0 w^o have seen Lo bo 

r***"X+ .. 

the expression consisting of s + 1 terms and the coefficients being 
alternately h- 1 and - 1. Denote this b) 

Now construct tho expression 




continued to s + 1 terms and denote it by 

and verify that, if it be operated upon by 12ft-i- nc, the effect is to 
change t into ^ - 1, The coUbei|uence of this is that if we form 
the expression 

(2*>8** .»*»)o I I 

+ (i» 2*»3*» ..(>•»)„ I (l‘-’*2V" 

continued to / + 1 tcniis, w'e obtain a solution of 
S2a "i i2ft 4- 12o = 0 . 

To find tho enumerating generating function of those forms sup- 
j) 08 e 0, 0', and 0" to bo in ascending order of magnitude, and 
denote the form by 

I (2*>3*‘...Oa(l*‘2^5*’ --0*‘^)l.(l'‘'2'^'^" | • 

In constructing this we have a choice of two places in which to 
place the part 1, throe places in which to place the part 2, and so 
on ; bonce tho generating function is 

i-/» 1 - T-r i.y.. i„*». 

precisely that of the asyzygetic forms. Hence the eoiistructod 
expression ho taken to be tho general exprehsion of an asyzy- 
getic form. This idea is easily goiioralizablo to tho case of any 
uiuubeiv of binary forms. Stroh’s form of sem in variant being 

*^1 (^i®i + ^'s^a + • • • + 

-1-U272+. +V^"7^')% 

the first case to consider is 0=1, 0^ = 1, 0"=1» leading to the con- 
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dition tf'iTiUi » A^BjOi = 0, where f B| + Cj = 0. 
choice of six products for our base, viz., 


and these yield respo<',tively 

KWo o)c 1,1(1 Wo (m, 
I (1*)«(1)6 Co I , I dWl^K I . 


We have a 


Taking the product AjBj and the corresponding form 

I (l®)«(l)6Co I 

we find 

I (1)S(1)» I Co~ I (3)a(l)6 I «!+ I «o(l)4 I ^ 

= ((Xjftj - «irWo)Co “ ”■ **i^o)Ca , 

the simplest perpetnant of the kind ; the general form, given by 

ijS 

the generator " - -j , being 

Similarly for 4 binary forms the simplest perpetuant, of degrees 
1, 1, 1, 1, is (corresponding to product AjBjCj) 

I (l*)«(l%(lWo I; 

and has the expression 

«o(VA“a*8Cofl^4) 

+ «i(6,c,d4 -f 2b^(/i4 - + Sb^Cf/in) 

+ -- hiC^^ + — 46ge0d3 + 

~ 4* *“ 4“ ■“ 4" 

4* “• CijCjjrfj 4" 4fcjt*j<i^ ~ 82>j|C(|d] 4* ~ 

■i"Cl 8 ( "" 10A(|<5jdj 4" 106|C(/ij — tihyCjilf^-\- 
4- rte( 4; 1660 ^ 1^0 - 1 


V. RKSTUirTKl) SunSTITlTTlONS. 

Wo may regard the factors of a binary equated to zero as 
denoting n straight lines through the origin, the co ordinates 
being CaHosian and the axes uk lined at any angle. Taking the 
variables to bo y and nilmting ihu linear traiisfoniiation 

/xjV, 

y-~XjjX 4 MuV, 

so that 

Y y 

+ Y \ ^ 

i“r“Y*X" ?/’ 

it is seen that tho two lines, on which lie (a*, y), (X, Y), havo a 
dofinite ]irujoctivc coirosjiondcnce. The linear transformation 
replaces points 011 lines tliioiigh the origin by corresponding 
points on projectivoly corresj»omling lines through the origin ; it 
therefore io])la(‘os a noneil of linos by another pencil, which 
corresponds nrojectively, and harmonic and other properties of 
pencils wliicii are unaltererl hy linear transiorniatioii we may 
expect to find indicatod 111 tho invariant system. Or, instead of 
looking upon a linear suhstitution as rojdacing a pencil of linos 
by a jjrojoctively corresjionding ]»oucil retaining the same axes 
of co-ordinates, we may look U]>on tho substitution as changing 
the axes of co-ordinates retaining tho same poncil. Then a binaiy 
n'*, eiiuaied to zero, represents 71 straight linos through tho origin, 
and tlio j’f ijt of any lino through tlie origin aro given constant 
inultijjdcs of the sines of the angles which that lino niakos with 
two fixed lines, the axes of co-ordinates. As now axes of co- 
onlinates wi* may take any other jiaii of lines through tho 
orimii, and for the X, Y corresiionding to y, y any new constant 
multiplos of the sines of tho angles which the line makes with 
tho now axes. Tho substitution for x, y in terms of X, Y is the 
most gonoral linear substitution in virtue of tho four degrees of 
arbitrariness introduced, viz., two by tho choice of axes, two by 
tho choico of multiples. If now the denote a given pencil of 
linos, an invariant is tho criterion of the pencil possossing somo 
particular pro})orty which is independent alike of the axes and of 
tho multiples, ana a covariant expresses that the ])eucil of linos 
which it denotos is a fixed pencil wliatever be the axes or the 
multiples. 

Besides the invariants and covariants, hitherto studied, there 
are others whicli appertain to particular cases of tho gonoral 
linoar substitution. Thus, what have boon callod, sominvariants 
aro not all of them invariants for the general substitution, but 
am invariants tor the jiarticular substitution 

a’i = Xifi4 gj^a, 

* 2 = 

Again, in plane geometry, tho most general equations of substitU” 
turn which change from old axes iiiclinod at u> to new axes in- 
clined at ta—fi- a, and inclined at angles a, p to the old axis of 
•Xf without change of origin, arc 


x= I ^(»»- P)y 
** sin w “’** '*• * 


_ sin ttY 

2^"*" oiti 


sinw 
‘^sinw* • 


a transformation of modulus 

sin (a* 
sin (s* 

The theory of invariants originated in the discussion, by Boole, 
of this system so imiiortant in goomotiy. Of tho quadratic 
<w?4‘26a;y4-cy®, 

he discovered the two invariants 

ac"6®, a ~ 25 008 cu 4-0, 

and it may be verified that, if tho transformed of the quadratic 
be 

AX3+2BXY + CYa, 

AC-B»=:f^y(ac-ft3), 

\8inw/' " 

A- 2Bcosw'4-C=f “ ) (rt-26cosw4-c). 

\ sm « / ' 

Tlie fundamental fact that he discovered was tho invariance of 
aj“4-2co8 wajy4-2/*, viz. — 

a5®4-2co8wipy4-y®=X®4-2co8 w'XY 4-Y^ 
from which it appears that the Booliau invariants of oas® 4- 2 ftaJ 2 / 4- y® 
are nothing more than tho full invariants of the simultaneous 
quadratics 

aa5®4‘25a!y4-y*, a;*4-2co8«a!y4 y\ 


the word invariant including hero covariant. In general the 
Boolian system, of tho general 9 ^^, is coincident with the sim- 
ultaueouB system of the 74 *® and the quadratic 4- 2 cos wajy 4-^®. 

Orthoyoihal System . — In partimilar, if we consider the trans- 
formation from one pair of rectangular axes to another pair of 
rectangular axes we obtain an orthogonal system which wo will 
now briefly inquire into. We have cos tu'^cos and the sub- 
stitution 

a?j = cos ^Xj - sin , 

= sm 0Xj 4* cos , 


with modulus unity. This is called the direct orthogonal sub- 
stitution, because the sense of rotation from tho axis or Xj to the 
axis of Xg 18 the same as that from that of Xi to that of If 
tho senses of rotation be opjiosite we have tho skew orthogonal 
substitution 

ajj = 00 s (9Xj 4 - sin , 
sin ^Xj - cos <?X 2 , 

of modulus - 1 . In both cases and ~ aro cogrediont with 




Xi and oig ; for, in tlie case of ilirect substitution, 


d . d 

“J— = C0St/7v ' 


siu<? 


f/.\« 


dajg 

and for skew substitution 


= 8m y-r^4-co8^ 


dX 


dXn 


d 

— = C08( 
dxi 




d . d 
-p- = 8in 0j.r - 

dXi d\i 


f:os 0 


rfXa 


Hence, in both cases, contragredieucy and cogredieucy are identical, 
and contravariants aro included in cuvanaiits. 


Consider the binary 7i‘“, (aia?i4-aaiCi!)"=a”, and the direct sub- 
stitution 

a?i=\Xi “/iXa, 

aJa— A*Xj -}- XXg , 


where X* 4 -/a*=l ; X, /a replacing cos^, sin^ respectively, 
notation 


observe that 

Sup{>ose that 
IS transformed into 


a«=«i»i4-atfaJa, 

aa-~a;4-aS, 

tX6 = «l6i-f agftg, 

«* = &* = C«== • 

Ax = Bx=Cx==-“ 


In the 


then of course (AB) = tho fundamental fact which appertains 
to the theory of the general linear substitution ; now here we 
have additional and equally fundamental facts ; for since 

Ai =:Xai -t'/AOg, AO'S* — /Urt] 4-X<7^(j, 

Aa = A J 4iA 3 = (X- -f- +ai)-aa\ 

A^ = AiBi -f- AaBg = (X* 4 - /a®)(<ii&i 4 - w-afta) ^ etb ; 

(XA) ~ X] Aa — X3A] = (Xajj -t- fiX2){ ~ fMii 4 * Xeta) 

- ( - A«»i + X«ca)(Xai + /AOa) = (X* 4 - At®)(a5ia2 - oogfti) = (aw) ; 
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showing that, in the present theory, and {xa) pussess the 

invariant property. Since xl+xl=sxg we have six types of 
symbolio factors which may be used to form invariants and co- 
variants, viz.— 

(ah), tta, (m), a„ sc,. 

The general form of oovariant is therefore 

x(xa)Hxb)‘'<xc)‘*.. a''B^C^...X“ 

If this be of order e and appertain to an 
SA?+S^ + 2m=e, 

^i+^+ ••• + 2ii +^’i+jf!i4* ... +I7i + ?i = w, 

Ai+Aa-h ... +2*a*fji'i +jf8+ ... •+•1^+ 

Afl+/i8 + .-.+2<8+ia+J'a+--+Ar8+^=»; 


viz. , the symbols a, , c , . . . must each occur n times. It may denote 
a simultaneous orthogonal invariant of forms of ordere nj , 712 , . ; 
the symbols must then present themselves ni, rta» % • times re- 
siiectively. The number of different symbols a, b, c,. . denotes 
the degree 0 of the covariant in the coeillcients. The ooefheients 
of the oovariants are homogeneous, but nut in general isobaric 
functions, of the coefficients of the original form or forms. Of 
the above ^neral form of co variant there are imjiortaut trans- 
formations duo to the symbolic identities : — 

{ahy=aah - * 

as a oonsei^uonco any even })oi\or of a determinant factor may be 
expressed in terms of the other syiiibolic factors, and any uneven 
power may be expre.ssed as the ])roduct of its first ]M)wor and a 
function of the other symbolic factors. Hence in the above 
general form of covariant we may suppose the ex|)onent8 

hi, /t2, Ag, ..Ai, Aa, Ag,.. 

if the determinant factors to be, each of them, either zero or 
unity. Or, if we please, we may leave the determinant factors 
untouched and consider the exponents ^ 1 , /g, In, to 

be, each of them, either zero or unity. Or, lastly, wo may leave 
the exponents h, k, j, I untouched and consider tno product 


to bo reduced either to the fonii g^g where ^ is a symbol of the 

series a, h, e, . or to a power of Xj^ To assist us in handling the 
symbolic products we have not only the identity 
(a6)c, + (6c)a, + (m)6,= 0 , 

but also 

(ah)xK + (bx)ax + (aja)6, = 0 , 

(ab)at, + (hc)au -t- (ca)at ~ 0 , 

and many others which may ho derived from these in the manner 
which will be familiar to students of the works of Arouhold, 
Clebsch, and Gordan. Previous to continuing the general dis- 
cussion it is useful to have before us the orthogonal invariants 
and cuvariants of the binary linear and quadratic forms. 

For the linear forms ajarg=:a,=6, there are four funda- 
mental forms, 

(i.) 0,5=00*1 -I- ffJsBa of degree-order (1,1), 

(ii.) a!,=aj}jf-a:* ,, (0,2), 

(iii.) (a!a) = ai«j-^ „ (1,1), 

(iv.) oa=o;+a} „ (2,0), 

(iii.) and (iv.) being the linear covariant and the quadrinvariant 
respectively. Every other concomitant is a rational integral 
function of these four forms. The linear covariant, obviously the 
Jacobian of o, and a;,, is the line perpendicular to o,, ana the 
vanishing of the ouadrinvariant o« is the condition that o, passes 
through one of the circular points at infinity. In general any 
pencil of lines, connected with the line a, by descriptive or metrical 
properties, has for its equation a rational integral function of the 
four forms equated to zero. 

For the quadratic + a,^l, we have 

(i.) 

(ii.) Xx^xi+xi, 

(iii.) (ah)^=2(a^-al), 

(iv.) 

(v.) (»a)a,«aiSB* + (ai-ai)ariai-Oia?5. 

This is the fundamental system ; we may, if we choose, replace 


(ah)*bya?ss5j-f-2a* + a* since the identity 4 = 5 ( 06 )* shows 
the syzygetic relation 

(Oq Oj,)* - (oj + 20} -1- o 5 ) = 2(a^^ - o J ). 

There is no linear covariant, since it is impussiblo to form a 
symbolic product which will contain x once ana at the same time 
appertain to a quadratic, (v.) is the Jacobian ; geomotncally it 

denotes the bisectors of the angles between the linos a*, or, as we 

may say, the common harmonic conjugates of the lines af and the* 
lines Xx* The linear invariant o, is such that, when equated to 
zero, it dotormines the lines o* as harmonically coi^jiigato to the 


lines Xx ; or, in other woi'ds, it is the condition that a| may denote 
lines at right angles. 

To resume the general discussion m'o recall the relations 

Ai = \«i + ;ttr3, A2= ~ 

and put X=:\i=/i. 2 ; “Ml ; 

so that A 1 = (tt/a) i 

A3=ff^=f (Xa), 


giving 


Afc= 


.n-fc.A, n- 
= A 




= {a/i) =(«m) (Xa) 


A; = (<.,X,+«^X/ ={w)X, + a^Xj" 

= {aAX, + (X«)Xj’‘= {(aM)X, + (Xa)X,}’‘ ; 


four forms of expression. 

The ))olar ])rocess is available here to an euhancefi degree. For 
put 

/=^a^,4>=-{xa)^, 

w'c not only have 
but also 


and just as the substitution of Xi + tgi, for Xj,a:^ converts a, 

into Ux’btap, the same substitution converts (xa) into (xa)i-t(ya), 
and the symbolic power 

{{xa)+l{ya)}’> 

may bo regarded as the generator of polars of (xa)**. Note also 
the results 

w'horo 

d d ( d\ f d \ 

indicating processes analogous to the polar process by w^hich 


is converted into a^ ^^{ya)\ 

(xa)^ is converted into (aj«)”'’*'aJ . 

Combining the processes wo find that we are in ))Ossebsion of a 
process, equivalent to a compound partial dilfereutial operation, 

by which can be converted into and one 

also by which (xa)** can be converted into (j!w)“”*^'“^(ya)%J*. 

We already know that the polar satisfies the partial 

difiereiitial equation of the second order 

dxidy'^ ax^yi ' 

and the performance of the operation 

1 / 9= ^ 0* \ 

( m - k)k V “ 5x^yi / 

has been termed the O process. As regards the now forms 

m-^kf .k , y.n-k k 

«,=«», iya) ,Ut=(xa) ay, 

since 
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ve find that they both satisfy the jiartial differential equation of 
the second order 

dxjby^ * 

and the operation indicated occupies the same position in regard 
to the now forms that tiie ii process does in regard to polars. 
Gordaii finds it convenient sometimes to denote the G ojieration 

by I *1^ I =(a7/) symbolically. In the same symbolism the new 
process O is denoted by aSiyi+aJaya—aJ^. 



the ojKjrand being any form pJVy • 


Thou 0«”(»6)"=(o6)a?**(yi)"-\ 

and thence 0*a“(yi)"=(o6)*a“~*'(y6)"'"*; 

il80 O(axr6j»(oi)(aas)"-*ij-*, 

and thence o\aa!)”6j=(o6)*(aai)*“*'4j“*’, 

which should be compared with the result 

fJe fUjU / .Jc m-k.n-^k 

0 agiby = {ab) Ujg by . 

Moreover, it is easy to see that {xu)”*(ya)** satisfies the 12 equation, 
and that 

0*(a5a)«*(2/6)** = (a5)*(a^t)*»-*(i/0)““*. 

We may catalogue results as lollops : — 

iij^by =:(ab) ag by , 

^k mill k 

O a^by by , 

O il: m,, .tt k m-k,, n-k 

a^{hy) ssttftajB {by} , 

o a^{yb) ={ttb)ux (W*) . 

O fc/ ^m^n k, vm-fc n-k 

{xa) by ^aiim) yf, , 

0\azfby «(o4) («a!)’""*4”'\ 

O*(ii!or(j/J)“= (a6)‘‘(iBttr ■ *-(//4)“’ *, 

O^xafiybf ==at{smf''{yhf'K 


The important point is that we always obtain symbolic products 
when we operate with ii or O on symbolic products. It is clear 
that we may write 


0*0'a“(//4)" =( - )''4^ab)’a'2-’‘-\yh)^-’‘-\ 
O^oWriJ,* ■=( - ful{abhxa)'^~^~^by~’‘~\ 

foreshadowing an extension ot the jirocess of transvection which 
will be reached later. 

The co-polar jirocessos, by which is converted to 
and (a;a)*^ to (a5a)’*”^ij, arc representable by writing x ’-ty , 
forajj,ajy inaj, &udx^ + t!f,^iX^-ty^ forajj,a;jin (««)”; for 
becomes 


and {xa)** boconius 


{a,+l(ya)}", 

{(ajtt) + 


The combined polar and co*i)olar process on obtained 

by writing a?] + (?/2) , a-* + for -Tj ,a;5j, and expanding in powers of 
hth\ for then a* becomes -c tx{ya) + the 7t‘* power of which 
generates the functions ; similarly if the function ^ {xa)** wo can 
substitute asi*f-fy,a!3+(fy) lor 3*1, avj, converting {xa) into {xa) + 
t\{vn) + and the n'* power generates the polar functions. 

To find the polar and cu polar functions of the product 

write 

This, obviously, arises when we write a)i + (y<)> 

for S', end in end teke the co-feotor of 

.Biuco 


(i»» + h{yp) + = (a« + <i(y«) + b]fty)***{byi + ti{yh) + fat,)", 

coefficient of in the product 
(<»* + f i(ya) + t^^)***{btt + ti{yh) + t^y)**. 


JBx, gr» To find all the polars and oo-polars of oStJs F 

(«» + => oj + ^Hya)t^ + 8»Jaj^a 

+ 6a,(ya)flj^j«^+8a;^j2j+(ya)»2j+8(ya)9ayfJfj+8(ya)aJfjfJ+aJ<^ 

(,h+t^(yh) + + 2 by.{yb)t^ + 2 bjfy 6 ^ 

+ (yt)%»+2(yt)y^f,+6j2j. 

Multiplying and applying the formulas 

+]^iS“J(y'»)t 

]^,‘'’=|«»(y»)*(y6)*+|*»(y»)’(y&). 

* = ^»*6j,(y“)®{y6) + ^a!»v(y“)(y6)® + j^6*6,(y«)’ 

+^V»(y®)*(y>). 

j *»’*=^*>J(y»)* + W + ^*“»(y*)® + ^*^j/(y“)* 

+^*“J(y®){y«'). 

FJ' * = gOjO Jil J + Jjy , 

Ft*®=(y«»)’(yi')‘. 

■*■ |®j(*»(y®)*(y^) + ^}(y®)(y*’)® . 

®'Jf’"=^PJ(y»)+^Pi»(y»). 

Fj’®=ajtj. 

Of any order, there are A;+l polars corresponding to 

the binary comiKisitionB of k. It will be remarked that the sum 
of the coefficients of the terms of the polar is always unitv. A 
term, without its numerical coefficient, is termed a member of 

the polar. If wo take a member of the polar F^^'^ and put in 
it d=a, we obtain i^{yaf ^ ; and this is exactly what we obtain 

on putting fts: a in hence, making this substitution, we 

find that the sum of the coefficient of the members is unity. 
What wo may call the leading member of where Fssa^ftjf 

involves ki factors of the kind {ya) or {yh ) ; say {ya)^\{yb)kiM 
whore kn'^k^^^ki ; and also k^ factors of the kind ay or by eay 
a^h^ where k^-^k^-k^. So the member may be written 

a^-^^-^hl’‘^’^a^h^ya)^{yb)^. We may arrange the 
members (i.) in descending oi^er as regards the exponent of a, ; 
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(ii.) in descending order m regards the exponents of and (ya ) : 
(iii.) in ascending order in regard to the exponents of (yb), ana 
bg. We have then the notion of adijacent membertt, and we can 
show that the difference between anv two a<^acent members is 
either divisible by (abXxy) , (ab)xp or (ab)y^ and the theory of the 
polar members may be proceed^ with in the usual manner. 

The process of transvection can be extended in the same way 
as the polar process. Of two forms 

we define the transvectant of orders k, I to bo 
O', «)’'•*= {0*0*o“6j},., 

and similarly 

I » =(-) ai,(a6)a« (xb) , 

{(iwr.jj}*** =( - 

and if the forms be 9 

/,m ,n\ktl / . ,\A: .1 .n-fc-l . 

and similarly 

and the intermediate processes also in the same way. Taking as 
before/asaJ^jV^—ftjJ, wo find that the process of transvection of 
order U equivalent to the performance of the differential 
operation 

\diBj 0932 OX^OXiJ \03!i 0fl5| vX^OXi^/ 

omitting a mere numerical factor. The multiplication of opera* 
tions is, of course, symbolic, so that 

/a/y/a/y 

dx^ds^l 

We will now give some examples of transvectants. 

Mx. gr, if/=aj,0«ftj, 

(/, 0)'’®= Ml - + («o^ 

+ (®i^a “* > 

(/, 0)® ’ ^ =a»aA = Mo + aA)® J + Mi + aA + 

+ (Oi^i + > 

(/, 0)»»o= (a6)>=5o6a - 2ai6i , 

(/i 0)^ ’ ^ =^i -ft A + aA - W&i i 
(/, 0)®’ ® =tt?= Oo^o + 2ai6j + , 

five orthogonal concomitants of two simultaneous quadratics 
obtained by simple transvection. If a, b bo alternative symbols 

and (/,/')' '^ vanish identically, and wo are left with the 
quadratic covariant 

C/*,/')® = (« 0 + «i )^l + 2(aoai + aMaJia!2 + («! +^5 )®1 > 

and the two invariants 

(/,/y®=2(^-«!), {/./')"*=«x +!te! +«1 . 

Wo may proceed by transvection from the forms {isa)ag and 
(apa)®. Observe that 

(»a)a,=aj®f - {a^ - a^yx^x^ - a^xl , 

(»a)®=!«^} - 2ai®i®a-faoa!; ; 

thus 

^foiSo+oA)®; -(ao6o“^^)»ia^-Mi+<h®2)»! ; 

=* (<h^ - oA)»! - (% - : 

where observe that this form is obtained fh>m (ah)aghg by writing 
~a! 2 ,sB] in place of asi,aB^, a process which is always invariant. 
From one co variant we can in this way always derive another of 


the same degree -order. To see how this is take the linear 
operator 

and further the operator of order k 


d \fc 


\ 

obtained by ^mbolio expansion. 
Then 

9 \ n «! 


d\k 


kn^k 


so that 


and 




‘if( 4 )' 


(a>a)"=u?, 


(_). 


Hence the operation of writing - x,, in place of ®], x^ in any 
form or {xa)^ is, disregarding a numerical factor, equal to the 

performance of an ojtoration of order n. Hence, when 

this operation is performed upon any symbolic product 
{xafixiy. .oJi‘ .. 

of order n in ®, it effectively produces 
a^b%.,{xay(xh)\,. 

The operations 

( 4 ).( 4 )'-( 4 )* 

when performed upon aj or (axi)’^ produce the n+1 covariants, 
of order », 

aj , (®a)a J " \ (xafa^ ’ V • ♦(ow)^ J 
which we may conceive to bo generated by the expansion of 
{«*+X(a5a)}*‘ ; that is to say, by giving, in a^»ai,a2 incre- 
ments + Xa 2 » ''Xdi, respectively. We have a relation connecting 
any two qnasi-acljacent covariants of the series, for since 

al + {xaf 

ixaf “ + (xa/ag “^=aa(xaf " " ^Xj . ; 

which shows that the sum of every two quasi-aci^jacent covariants 
contains the factor UaXg. The identic obtains whether n be 
the order of the original form or no. From it may be derived 


(*8^ 2(»i)'’or'’ + ■ “ 

These relations indicate that these covariants do not constitute 
a fundamentally irreducible set of covariants ; for the covariant 

is the product of each of 

which is a co variant; and similarly is the 

product of and each of which is a covariant. 

Between the »+l covariants we can establish w- 1 independent 
relations giving n -> 1 reductions ; the system is therefore reduced 

to two forms which we may take to be aj and So also, 

in regard to any covanaut 0j^, we need only consider the further 
form (*0)0^ 

A process, somewhat similar to transvection, may like | 
be performed upon a single form ; this is 
^ 0» ^ 0 
0®} S^'“dx± 

in analogy with the notation x^ 

We have 

^ 4. n_fn\ n-2 

a covariant of degree-order 1 , n - 2. 
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While, in general, 

/ ^ 4.^ 'W - _J*L_ t «-sJt 

/ 0* g> Y „ »' u -_2Jj 

To these roaults it is useful to add 

JSr. from the quadratic wo derive 
rta = a? + aJ~ffo‘#'«3» 
from the cubic o® the linear covariaut 

«aa»= («o + ^)*i + (»i + «a)a?a» 
and from the cubic covariant a%{xa) of the cubic 
ajpca) =. (a, -f «*)«! - (So +^)a! 2 » 

a linear covariaut otherwise obtainable by ojiorating upon c^ag 
with 

9 9 

Similarly, from the quartic aj, we obtain the quadratic covariant 

^o*** ” “I" ■i" 2 (<i- 2 + *i* (^2 , 

and the invariant 

oJ-=ao-4 2«i; + tt4 

It has been shown, by Sylvester, that all orthogonal covariants 
satisfy the partial differential equation 

which, in the notation employed in a previous page, is 

«.-0.4(4)=0. 

If then a covariant, of ordoi c to an m*'’, bo 
the operation produces 
k 

the vanishing of which necessitates the relations which, writing 
Oft - fla= V, take the form 
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20a -VCi 

3 Ca-VCa 


VCu =0. 

' ^Cn “0, 

-(.-DC, =0, 

2C,.2=0: 


eC.-VC,.,- 

and thence 

Ci=-VC„, 

2Q,= (V«+l) + (e- 1)}C„ 

8!Ca=V(V>+4)+3(e-2)V|Co, 

4!C4=(V*+l)(V»+9) + «(«-3)(V*+l) + 8(e-l)(e-3)}C,. 
0!C,= {V(V*+4)(V»+18) + 10(»-4)V(V»+4) 

+ 18(«-2)(e-4)}Co; 

indicating the manner of obtaining the eucceseiro covariant 00 - 
effioients when once the leading coefficient Cg la known. 

JEs. gr. Taking ae loading coefficient a{, the order of the co- 
Tariant le 2n - 4, and the three firet terms 

(«?+2i?+55>r-* 

+2(»-2X“o“i + 2"i“2 * 

+ — 2 ) / (w — 2)(ttj + 2^0 + rt^) + (n — 3X^0^2 + 2<* ®8 + <* 2 * 4 ) 

2»-0 2 
XSCj X*2 

+ ... e 

It mav be gathered, from the above relations, that, for covariants 
of onlers 0, 1, 2, 3, 4,..., the leading coefficients Gq satisfy the 
equations 

VCo=0, 

(V® + l)Co=0, 

V(V® + 4)Co=0, 

(V®+l)(V® + 9)Co=0. 

V(V»+4)(V® + 16)Co=0, 

respectively. It is thus important to notice that for each order 


of covariant we have a special differential equation. Wa can 
infer from the annihilating operator V(V«+4) for oovariants of 
the second order that the function (V*+4)Cois an mvanantof 
the same binary form. 

JSS». gr. For the binary quadratic ajj., a© leading co- 

efficient of the form itself, a covariant of the second order, and at 
a couseiiuence the operation 

when performed upon ffQ must iiroduce an invariant ; it, in faot^ 
produces the invariant 

2(5. + »j). 

The annihilator, in respect of a covariant of order 2s, is 
V(V®+2®)(V®+4a)...(V®+4s»); 
and if the order bo 2s -f 1 

(V«+l®)(Va+3»)...(V»+4s®+4s+l); 
so that, in general, the operation upon a leading co- 

efficient of a covariant of oraor e produces a leader of a covariant 
of order e - 2 appertaining to the same binaiy form, and this must 
necessarily l)o of the same degree m the coefficients. 

Ms. gr. From the Hessian of tho cubic aj, viz., (ad)^aghjg, we 
thus obtain tho invariant 

“o“» " oj+a,®, - «*=a6(«8)’‘. 

It will be noticed that a source of a linear covariant is annihilated 
by V® + 1. 

T/ic Boolian Bnatem. — Tho fonn is associated 

with the quadratic ajJ+2co8 + 0 * is transformed to 

by the substitutions 

* alTl ^ QIT * ..1 > 


*2 = 


Sin ta 
sin a 


X,+ 


sin p. 


X, 


of modulus—**^ : whero«'=d-a. 
sm w 

Tho problem is to find functions of tho original coefficients, 
variables, and w, which by tho transformation become the like 
functions of the now coefficients and variables and save as to 
a power of the modulus. Ug and {ab) clearly possess the invariant 
property. 

Put «!- 02 ^ 08 W = .=rOi = ft = ..., 

Oa-tt, co 8 w= 6 a”^i®o®w= —=® 8 =A=»‘* 

aJx+a:aC08«=(i, 
sa4+a;iC08w=^a, 

where Oj, a^; Pit are new umbrae and f,, fa are auxiliary 
variables. 

Let the transformation convert , Ua into Ax, Aj, where 

Ax — Ax *" Aa cos w^, 

Aa ~ Aa ”• A| cos 
and fxf (3 into Si, S 3 , whore 

Sx=X+X‘^o®"' =co8oa^+co8(cv-a)a5i, 

Sa = X + cos w'. = cos iS *1 + cos (w - p)x2. 

Observe that 

+ »rf 3 =*! + 2 cos + a?J . 

Now 

* sinw^^ sinw' 

^ sin a Bin(w-a) 

X 3 = ,aj.+ sfc. 

siuiii ' sinw ^ 

A — ®in (w-g)^ sina^ 

^ sinw ^^sinw 

^ sinw ' sinw^’ 

^“5^ {oo 8 («-^)Oi-co 8 j 8 a,}, 

{ - C08 (w - o)oi+ooBoaj} ; 

whence it can be shown that 

(XA) = XxAa^— XaAx = Xx(Aa - Ax cos «') — Xa( Aj — Aa cos ft/) 


sigitf 

’'sinfti 


(**); 


from which we Iq^rn that (xa) possesses the invariant property. 
Further, it may be verified that 

/B inw' Y /sin (If' Y 
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90 that Wji posioss, each of them, the invariant proiierty. ! 
There are thus six invariant symbolic factors, viz., (a6), aa, 
(aw), oe, from these types we are able to form invariant ' 

symbolic products. "We must note the results — 

(ta) s (aw) ; aj = sin* «a* ; (ap) = sin* w{ah) 

(a© = cos w(aj* - x ^) ; (aa) =cos w(a® - «*). 

Since siu®« is the discriminant of x^ we may regard and (a/5) 
as reducible, and we take as the general form of invariant— 

(ab)\acy\be)K.a':b^c'» . 

a’ib^e^ 4 , 

which should be contrasted w*ith the corresponding expression for 
orthogonal invariants. 

If tthis be of order r and appertain to an 

Si* + S^ + 2?a=6, 

the pair of symbols o, a must togcthei ajtpear u times ; so also 
for 6, /S; c, y;... 

We Jiave the symbolic identities 

- (a/5)(«ft) = sin* w(a6)* ; 

- (a;ft)*=5rtaA^= Rin*w oj ; 

(ad)r^-i (dc)a^ + (rayj^=rO ; 

and many others, derivable from these, which are of assistance 
in the reduction of symbolic} produc ts. We may give here some 
simple examples of Boolian invariants. 

jfx. gr. For the linear form a^- 6*=..., we have 

(i.) «,r=:aoaji + «i»j, 

^li ) 2co8<i»ajja5o4-jr5 , 

(iii.) sin*c*>, 

(iv. ) (aw) = (aj - Oq cos w)^! - cos ta)x.i , 

( V. ) C//J = o 5 “ cos <*» + « J . 

For tw'o linear forms (^ .) yields the .simultaneous invariant 
CC(,A„ f a, A, - cos «(cf,)^ J + rt,6o) . 

For the cpiadratic form rt| = 2>*= , ^\e have the system 

(i.) «1. 

(ii.) a!{, 

(iii.) 8in®w, 

(iv.) -«!, 

(v. ) {xa)nx = («! - (Iq cos «)./■; *f [ha - ao)a’jar2+ {a., cos u - «,)arj , 
which is the Jacobian of ctj and sr^ ; 

(vi.) 2cosa;«j+a.^; 

and it may lie shown that all other covariants are rational integral 
functions of these six forms. 

Again, take the (quadratic rtj=6|=. and the linear form 

; besides the forms, appertaining to the linear form 
and quadratic separately, w'hich have been already given, we have 
four additional forms involving the coelhcionts of both fonns, 
viz. : — 

(cia')(a6 ') = ' 

_ 2 

cos w)«, + (rt„-«j)«j«, + («j«os«-a,)aj, 
fa»>, =(0,.!’ -a,a,),a!+(.7,o[ - 
(aa)(o«') r- { Bji' - aji^ - cos w ( - «,«„) } a:, 

- { a^\ - «,«' - 00s »(«,«, - 

(See Elliott, lue, ciL p. 866). 

The polar processes must now be examined. We have, 171 1^2$ 
being cogredient with , (3, 


(w-AQ! 


m 

‘ 'in, \ 


- «x=». 


^ ft m m-fc ). 

“*='** “i-’ 

^ ' (”‘4 ^ ’ 

‘ “(’^>4 "’' 4 ) ) 

( lit ■”/')! / () \ A , .f/i . ^ ^ 

" ».' 

(ill -/. )*/ c» m m-I/ Jv 

“■TTr' “* =“* > 

(m-ky( . q / T' d \ '\^, I 

“'rri" 

from which it appears that, as regards we need only consider 
the operations 

r) ? , d n 

and, as regards (aw)*“, only 

f) r> . r (1 

and W'e have the proc'esses 

(7n - A'j - t) c Y\/ fi ? \A2 

=.(aa.)’»-‘i-*S(a„)''i„J. 

The twofonu8«™”^«y, (ico)’*”^(j/o)*, satisfy the jiartial dilleiential 
equation 




'1 "1 -.A 


5r/y,‘ 

auli the two forms (I™ '*(ya)*’,(*a)“*'*rtj, the ]>artial dilfcreutial 
equation 

, /'°«a _^o 
Sr,(S), ' 

to verify this statement recwll that 

f iia) = (vc«) , a,y = sin* <»io„ • 

Taking, as operand, any form we write 

i2=_ JL 

(?n - / )A:\ 5^% ox,/ //i / ' 

O =-i ^ 

(71? -A)/ VfWjfIVl * 

uud w^e can establish the relations 
«*'(0x,8in= u/V^b” = 

l/’ojj aio)™** = ( - )**(«6)S4'(a»)'" " *> ' J 
(Ucosoc««)‘>oi*(a»)"(j//J)"=(«6)‘’«J»(a:o)"“‘>‘’'^(y/S)’'‘‘'"‘». 
From the.se relations, by putting i/=;r, we dcirive the processes 
of transvection, and we may write 

{ , (a-^)* ,4 '(o 6)S.“' Hr ■ 

{(aa)“, jrP'‘’*“=»J'(«i)Ha!o)~"^‘'‘*ir''' 

{ (asa)” , (a!)»)* }*=• • ^ = («J (aa)* ' 

Of order A"=jti + A*fl there are A' + l traiisvectants, and A may have 

. .1 ^ .L - 1 ... 


ny value not greater than the least of the numbers 11?, 71. 

The process is practically equivalent to tlie jierfomiance of the 
ifferential oiieration 

/ (jf 00 ?)/" f30 \*i / V ^ ^0 \ 

0XgaBi/ \ca>i5fi dxg^iaJ 

the multiplication of operators being syniliolic. Wo have next 
to consider the oiieration 

S. I. 40 
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( 4 )- 


iiponajj — (sin'w) ; we find 


„ . -in w - 1/ 

* m) at (,ra 


Calling the operation 

• 1 2 / ^ ^ \ 

when performed upon «",P, wo have P^o*— ; 

T» • ■ , (»' -i)' . “ , S 8 X*’ 

P*u.,inlact, ^ sin j - 

tlio operator being expanded Hymbolically. Similarly 


^\xa ) ; 


Ilenc’o 




(«»)”= (a»r"‘i»*. 


/ o\» 

(*Sj) 


has the etlect, praetnrally, of eonvorting into (jjo/” ; this can 
bn otherwise a(*eo)npliHlind by wanting -X 2 ,Xi in ])laeo of 
and changing a into a. {xa)”^ is similarly cunvertofl into 
only here a is changed into a. If the operand be a™”^(a 5 a/ it 
Incomes converted by the operation into ixaf^~^a]^ The no- 
variants of the series (xa)^a^''^ arc all reducible except and 


{xa)a] 




, as may bo seen from tlie identities 

• o / \l. m-k , f J. 12 iw-fc-2 

8in''<a(a;a) +(a’a) 

j= (xa)^'a^ - A - « I" 2 ^^^2 ^ ^ J 


il+2 -2 


/ m - - 2 
=:ajxa) (ijf. Xf ; 

which exhibits the reduction of Ua)^ 
the operation of 

Upon a"* and {,raf’\ Wo liiid 

oiatSJt •/ I '' 


Next consider 


iH - 2A 


( 




r= y. 


. .VI ! k( siH - 2A 


/pa pa y. ,„_i 

^w( . *w- + ^ ) rtj Ua) = 


(Wi-1)! I w-2A.-V^«^ 

Befoic proceeding to gi\n examples of these jirocossos it must bo 
obscr\fwl tliat the transveetanl 

/ VI ,v\0,k.. 


IS always ro(luei])le where k., is oven This arises fiom the 
symbnlic: identity 


iol, thence, 

/ in ,h\0,2 , >2 / in ,i»'v2,0 / m-'Jx/. ,»-2x 

+8iu*w(^<*, aVv a 

v‘x *K) ^ 2Hin'*wto^ ,bx) *f siirwyi^ J&jpj 

/ 2 in -4Vi 2/ M -4 \ 

= C«a'*JC aV* 


wulh similar identities whit h ostahlish the theorem. 

A’e. gi. Consider transvei-laiits of c»J over/fj 

= ; which, for the single cubic «J gives 

(rr® - 2ah cos w t i®).!** H 1 {o6 - (ac -1 6®) cos « + fcc) 

+ 2 {rtc + 26*-* - (f/d -I 56c) cos w + 6rf + 2<r*} 

+ 4 {6c - {bd 4 c®) cos « + cd} ary* 

4 (c® - 2cr/ cos u 4- d*)»A 

wliicli is unchanged when o, 6, c, <7, »•, y are changed into d, c, ft, 
rt, y, X respectively. 

(rt5,,6jy’^s=(aft)«^f<,6,, winch vanishes for the single cubic, 

(«&)>, 

(iij, ftj)“'*=:(rtft)*rt|l ; which for a single cubic, is 
2{(ffC - ft*) - (rtd - be) cos w 4* {kt - c*, J . 
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(cjJ,ftJ)^'*3s(aft)a|^; which vanishes for a single cubic, but, for 
two cubios, is 

ab' - fta' 4- 2(ftc' - eft') 4- (ed' - dc') 

- 2(ae' - «*' 4* ftd' - dft') cos w 
-P (fld' - d«' 4* ftc' - eft') cos-' b). 

(«J,ftj)®’*=oJ which, for a single cubic, is 

«• 4- 3ft® 4* 3<j* 4* d* - 6(aft 4- 2ftc + ed) cos w 
4- 6(rtc 4- 6® 4- ftd 4* c*) cos* w - 2(ad 4- 8ftc) cos® w. 

Again the linear covariant a^ax is 

(ns - 2ft COB » 4- r)a; 4* (ft- 2000801 4* d)y ; 
and the linear oovariant a«(ara) is 

1 ft4-d- (a4-3c) cos w 4- 2ft cos* «} a? 
o 4- r - (3ft -t- d; cob u 4- 2c cos'* w} y . 

An invariant of the cubic which is of the fourth degree in the 
coefficients is 

»HV* 

wliich is derived from 

(aft)*(cd)'*(fic)(&f/) 

hy an obvious method of universal application. Generally, from 
any oovariant given by its symbolic product in the thcoxy of the 
general linear substitution, wo may derive a conjugate form by 
writing for (mn) and (xfi) for mx, and we are permitted to do 
this whether or no the former ultimately vanishes ; the coijugate 
cannot vanish. In the general Hoolian theory, in any symbolic 
product, we can ])asa to a conjugate form by writing 

4n„ for (inn ) , {vm) for ?>!,,, (jj/a) for vij ^ , vix for (xfi). 

A form, containing only or x^t will have no conjugate, and 
may lie called a non-conjugato form. Other forms may have 
vanishing conjugates. 

The diiferontiiil eijuation, satisfied hy Boolian covariants of 
the binary form o^jhas been shown, by Sylvester, to be 

fOH + L = 0 

( V - f* 

where L = ()« - G,, - cos w J na- - 4- ( a - 2 - 
I ”0rto 

4*(H-4)a.2---4- . 4’(w-2)a„_i- — 4-n!»»-- [ ; 

0««-i Cftn J 

if then a covariant be 


o|>eratioii gives 

i#[(« - 2A*) cos .'Bj 4 C/. I (f - A )a’i X 2 -kxi Xo j 

leading to 

— (A’ 4* 1 )C*^i 4- {L 4" (f — 2A,) cos Cti] Ca ^ f e — A' 4- 1 )Ca— i =- 0, 
anti them»e tu the series of relations 

- 014- (L + eoosw) Co =0, 

-20.24 jlj i (e-2)cos w}C,4 e Co~0, 

— 3034* |L 4 (e — 4) cos ( i;}^ 1\2 4" (c *“ 1 )C| — 0, 

-4044- 1 14 I (c-G)coHwjC,4-(e-2)Cj--0, 

which may be w’ritteii 

Ci~(L + ecos w)Co, 

2C2-{L*4-8in*ai4-(c-l)(. )}Co, 

6C5={L(L*4-4 8in*«)4-(e-2)(. )}Co 
24C4 = { ( L’* 4- sin * «)(L® 4* 9 sin ® w) 4- (0 - 3)( . . . )} C® . 

Hence for leading coefficients of covariaiits of orders 2s and 2s 4- 1 
we have annihilators 

L(L®4’2® 8in®w)(L*4 4®8iii*w)...(L* -I 4s* sin® w), 

(L® + 1* sin* «)(!>' 4 8® sin ® w) . . {L* f (4*® 4- 4a 4* 1 ) sin* w} 

resneotivoly. These conditions are necessary but plainly not 
suinuient ; for every leading coefficient of a covariant, of oven 
order ^2a, satisfies the first operator and, of uneven order ^2a4' 1 , 
the second operator. We may say, however, that, if the older be 
either 

(L® 4- 4a® sill® «)Co = 0 , 

or else (L®4’4a®8iu®cii)Co is the loading coefficient of a covariant 
of even order ^ 2a - 2 . Similarly, for uneven order 2a 4- 1 , either 

* {L*4*(2a + l)®Bin®«}Co~0, 

or {L®4- (2a4- 1)® Bin®ai}Co» as the leading coefficient of a covariant 
of uneven onler "v 2a - 1 . 
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Ex, gr. For order 8 of the cubic we find 

(L* + 9 sin® w)rto = 6(0® - cos w + Oj) , 

where 008 ap][>ertain 8 to the linear uovariant 

and it is easy to verify that (L*+8in®w)flgiii*=0. 

It is to be remarked that the sources of linear covariants arc 
annihilated by I^+sin®iii. It has l)oen caatomary tor wiitvii's to 
regard the orthogonal and Boolian theories as particular eases of 
that arising from the general linear substitution. The above 
sketoh will convince the reader that the latter theory is more 
nroperly viewed as a particular case of the former theories. 
Investigations, connected with this section, are a desideratum. 
Ko references can be given other than those alluded to, incident- 
ally, in the text. 

Rkfeuknces. — Caylly. “ Memoirs on Quantics *’ in the Col- 
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haled MatheTmtieal Papers, Cambridge, 1898.— Salmon. Zeaaont 
IiUroduetory to the Modern Higher A Igelra, Dublin, 1886. — K. B. 
Ellioit. Algebra of Quanties, Oxford, 1896. — F. Bkius<'H(. 
Teariadei ComrtatUi, Rome, 1861.— W. Fiedler. Die EUnienie 
der neueren Geometrie und der Algebra der Innaren Formen, 
Leipzig, 1862.— A. Clebsch. Thetyrie der Innaren algebra* 
Uchm Forwen, Leipzig, 1872. Vorhaungen iiber Geometrie, 
Leirmg, 1876.— Faa de Bruno. Thiorie dea fwnua bmariea, 
Tunn, 1876. — P. Gorhak. Vorleawngen hiiHirianterUheoriet 
Bd. i. “Determinanten,** Leipzig, 1886; Bd. ii. JBindre Formen^ 
lAiipzig, 1887.— G. Rubini. Teoria dalle forma %n generate, e 
apeeialawtde dalle binarie, Leue, 1886.— E. Study. Methoden 
sur Theorie der ternaren Formen, Leipzig, 1889.— Lie, Theorie 
der Tranaformationagruppen, Leipzig, 1888-90. --Franz Meyer. 
Jlerieht mer den gegenwdrtigen Stand der Invariantentheorie ; 
Jahreahericht der DexUacJien Maihematiker-Vereinigung, Bd. i. 
Berlin, 1892. 


Algeria, in Nortli Afiica, the most imiKtrtant of the 
colonies of France, lies between Tunis on the east and 
Morocco on the west, and extends from the Mediterranean 
to the Sahara. Its area is estimated at 98,600,000 acres, 
or 15.3,906 square miles. The prLnci])al indentations of 


the coast are the Gulf of Oran, the Gulf of Arzeu, the 
Bay of Algiers, the Gulfs of Bougie, Stora, and Bone. 
The {X)rts are Nemours, Mers el Kebir, Oran, Arzeu, 
Mostaganem, Tenes, Cherchelhj, Algiers, Dellys, Bougie, 
Jijelli, Oollo, Philipi)eville, Bdno, La (^alle. Algeria is 
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Map BHOwiKO the Political Position or Aloeria. 

naturally divided into three parts — the Tell, or coast 
region, with a breadth varying from 75 to 160 miles; 
the high plateaus; and the &hara region. The Tell 
is traversed by the first chain of the Atlas, consisting in 


I’eality of seventeen distinct ranges, among which it is 
sufficient to mention the Tlemceri range (.5500 feet), the 
Waransenis (6000 feet), the Tit6ri range (4900 feet), tho 
Jerjera or Grand Kabyle range (7100 feet), with the 
jieak of Ijalla Kedya, and the BaVior range (6000 feet). 

The streams of the Tell are the Tufna (105 
miles), the Macta, formed liy the Sig and 
the Habra; the Chelift* (415 miles), the 
Jsser (1.30 miles), the Sahel (125 miles), 
the Kebir (140 miles), the Seybouse (145 
miles), and the Mejerda, which flows 
through Tunis to the sea. None of these 
rivers is navigable. The tem|»erature of 
the Tell is moderated by the sea-breeze, 
but the sirocco wind sometimes brings 
scorching heat. The climate is very 
healthy, except in the extreme coast region 
The high plateaus form a plain of an 
average height of from 2600 to 3000 feet, 
dominated by the ridges of the second or 
Saharan chain of the Atlas, of which the 
chief points are the Ksour (6000 feet), the 
Amour and the Aures (7200 feet). At 
the foot and to the north of this chain, 
towards the middle of the plateaus, is a 
depression containing saline lakes or chotts, 
of which the liest knowTi are the Chergui 
and the Hodna. The rivers are unim- 
portant ; the temperature is variable, Class- 
ing from one extreme to the other, and 
rain seldom falls. The Saharan region consists of wide 
sandy or rocky plains without notew'orthy features. 
The water in general remains under the surface; the 
temjierature is very high by day; rain falls scarcely in 
one year out of three. Life exists only round the oases 
or cultivated places. Geologically, the Atlas of the Tell 
consists of crystalline rocks, schists, and lias. The Tertiary 
formation hardly ever ap^iears excejit in its eastern portion. 
On the other hand, the Little or Saharan Atlas is essen- 
tially of Cretaceous and Jurassic formation, like the rocks 
of the desert itself. 


Population , — The population consists of Kabyles or Berbers, 
Arabs, Moors, .Tews, Turks, Ooulouglis, Negroes, Mozabiiles, and 



IS8I 

ISUti 

Native 

2,860,886 

3,847,448 

French and naturalized 

269,602 

331,713 

Other Europeans . 

190,014 

211,635 

Total 

3,310,402 

4,393,606 


Europeans of various nationality. The Berber impulation is 
ostimatsd at 75 per cent, and the Arab at 16 per cent, of the 
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whole, but this estimate, due to General Faidherhe, is not easy 
to verify* The total population increased from 8,810,402 in 1881 
to 4,308,686 in 1896. In those years the numbers of the native 
and of the Snropean inhabitants are shown in the above table. 

According to these figures, the native element imTeased by 28 
per cent., the French by 25 per cent,, and the non-French JEuro- 
poan bv 12 per cent. 

Of the Enropean (non-French) population in 1896, 68,206 lived 
in the department of Algiers, 11 a, 279 in the department of Oran, 
85,051 in the dejnirtme/it of Constantine. About half the number 
were Spanish ; after them came Italians, Maltese, Germans, Ac. 

In 1806 the area and population of the three departments and 
the population of tlie military territory in each department weio 
■an follows 


DepartmentM 

Arfu, Sqimro 
Miles 

Total 1 

Population. 1 

ropiilatioii of 
Military 
Territory. 

Algh'l'S . 

Of), 929 

1,520, 007 ' 

213,161 

140,071 

Oiaii 

44,018 

1,028,248 1 

('oiiHtantiiio 

73,9al 

1 1,838,781 1 

j 202,611 

Total 

lh4,46« 

4,393,696 

1 556,143 


Tlie area of the Algerian Sahara is about 123,500 square miles, 
aiiil the population about 50,000. 

MtmniciU of pupicltUioii . — During three years the registered 
marriages, births, and deaths were as folloiVS : 


Yearn. 

Murrmi;fm. | 

1 liirtlis. 

l>«)atlis 

Siirphiit of Hirths 

1897 

1898 

1899 

37,140 

36,484 

42,816 

1 

133,161 

123,674 

13.5,479 

1 

78,951 
87,671 I 
90,557 

54,213 

36,003 

44,922 


111 1897 the divorces numbered 12,267 ; in 1898, 11,876; in 1899, 
12,364. In those years, respectively, the still-births numbered 
2423, 2837, and 2803. Of the living births in 1899, 17,637 were 
European, 2464 Jewish, and 115,274 Mussulmnn. In 1899, 
1017 fiersoiis were naturalized. From 1865 to 1899, 25,611 were 
naturalized, of whom 8001 were Italian, 4816 Spanish, 6638 
German, and 1315 Anglo-Maltese. 

Algeria, in its three departments, contains 17 subordinate 
prefectures and 3 18 communes. The important towns are Algiers 
(96,784 inhabitants), Blidah (27.772), Medea (16,235), Tizi-Ouzou, 
(27,466), in the department of Algiers; Constantine f51,997), 
Bone (31,498), Bougie (14,299), (luelrna (7288), Phihppeville 
(20,450), S^dif (16,061), in the tlepartniont of Constantine ; Oran 
(85,081), Ma.sGara (22,203), Mostaganem (17,353). Tlemcen (34,866), 
in the department of Oran. 

frOverntnaU , — Algeria is administered hv a civil governor- 
general. By decree of 26th August 1881, the budget of the colony 
was divided among the budgets of the various Tninistries, and 
the various services were placed under the direct authority of 
the respective ministers of Frnneo (a system called the raUwhe- 
viftU), but, after the jiarliaraoiitary inquiry of 1891, the system 
was modifieil, and the decree of 1st January 1897, augmenting the 
powers of the governor-goner.il, suppresMiMl the raUaduiment^ 
except as regards worship, non-Mussulman justice, public instruc- 
tion, and the customs. The governor is assisted by a superior 
ooiinoil of government, the number of members of which was 
increased by a decree of 23rd August 1898. Another decree of 
the same date created the Algerian financial delegations, an 
elective body representing throe categories of taxpayer : (1) the 
colonists, (2) tax])aver8 other than colonists, and (3) the natives. 
The duty of the (\elegations is to investigate all questions of 
taxation. Since 1900 Algeria has had a special budget of its own. 

Education. —Algiers is the capital of an academio circumscrip- 
tion oompnsing tlie whole colony, and is besides the seat of an 
establishment for superior instruction consisting of faculties of 
law and of sciences, and a superior school of letters. The total 
nnmher of students is 786, of whom 300 are students of law. 
Alg^^ria has three Itjcees (at Algiers, Constantino, and Oran) with 
2000 pupils, and nine comiiiunai colleges with 3863 pupils, besides 
a college for girls at Oran with 194 pupils. Most primary schools 
are Arab-Frenoh ; the purely Arab aie not numerous ; some purely 
French exist. In the year 1897-98 the total iiumlier of primary 
schools was 1168, of winch 489 woie in the department of Algiers, 
847 in that of Constantine, and 332 in that of Oran. The total 
numlier of pupils in the koIiooIh was 108,000, of wbom 65,000 were 
boys and 43,000 girls. In the year 1897-98 the number of children 
at infant schools was 29,000. There are three superior Mussulman 
schools at Algiers, Tlemoen, and Constantine, where pupils are pre- 
pared for native employments. 

Justice IS administered in the last resort bv a court of 
appeal sitting at Algiers. There are sixteen trihunals of arrondisse- 
nients or tribiinals of first instance, besides tribunals of commerce 


and justices of the peace with extensive jurisdiction* Criminal 
justice is organised as in France. In 1897, 470 criminal cbaiges 
wore laid, resulting in 430 convictions; 71,210 persons were 
accused of minor oitonces and 21,228 of misdemeanours. In the 
penal establishments there were registered 50,228 entrances, of 
w hich 797 were for long terms of imprisonment and 49,426 (includ- 
ing 1416 women) were for sliorter terms. Concurrently with the 
French there is a Mussulman system of justice for the decision of 
/ suits between natives. It is atfwinisterea in the first instance by 
f the cadis, whose sentences, on appeal, are within the jurisdiction of 
I French courts. 

JFinancc,^The increase of the expenditure is shown hy the fol- 
lowing budget estimates for 1880, 1890, and 1899 (25 francs 
=i:i):-- 

Tears. Expend fturc. 

1880 £4,040,000 

1890 4,920,000 

1899 5,100,000 

In 1899 the civil expenditure amountt'd to £2,920,000, the 
military to £2,080,000, and tlie jicnsions to £100,000. The receipts 
for 1899 were put at £2,166,000, of which £1,584,000 was from 
taxation, £218,000 from monopolies, and £178,000 from customs. 
The expenditure thus exceeded the receipts by £2,984,000, the 
deficit &ing met by the French Treasury, which besides providing 
for the military outlay contributes £860,000 towards the civil 
expenditure. But for a proper estimate of the cost of Algeria to 
Franco, besides the sums paid to the state as contributions to the 
)iublic service, those paid to the departments and to the communes, 
amounting to about £1,600,000 annually, must be taken into 
account. Altogether Algeria spends about £6,680,000, towards 
which it contributes only £3,760,000. 

Army . — The army constitutes the nineteenth French army corps. 
Its three divisions are at Algiers, Oran, and Constantine respec- 
tively, and contain ii total strengtli of 60,800 rank and file. The 
elements of the divisions are the Zouaves (13,670), Algerian Rifles 
(15,249), the foreign legion (10.759), the African light infantry 
(8253), the African chasseurs (5314), and the Spahis (3532). 

Agricuilure . — By far the most important of tlie resources of the 
colony is agriculture, on which on Ist January 1898, 8,644,634 
persons were estimated to bo dependent, 207,810 being FiUropcans. 
At the same date the area cultivated was estimated at 26,182,000 
acres, of which 7,647,100 acres were under wheat and other cereals 
(1,188,100 acres belonging to Europeans, and 6,459,000 acres to 
natives). In 1880 the area under cereals did not exceed 7,768,000 
acres. The crops of wheat, liarlcy, and oats yielded res|)ective1y 
12, 16, and 1*2 millions of cwt. in 1880, and 14*6, 18, and 1*6 in 
1898. In the latter yca.r rye and iimiyc yielded respectively 

3,748,000 and 200,000 cats. The cultivation of the vine, after 
encountering serious difficulties, has greatly extended. The vine- 
yard area and produce in various years were : — 


Yeius 

Aeies 

r-ialloiiR. 

1K72 

39, ,500 

4,994,000 

1880 

5.5,800 

9,504,000 

1888 

308,750 

60,742 000 

1898 

318,270 

100, 194,600 


The value of the wine-yield in 1898 was not less than £6,600,000 
sterling. Of the three departinciits Oran produced the largest 
quantity, 40,772,600 gallons; tlieii Algiers, 87,037,000 gallons; 
and Constantine, 22,385,000 gallons. Tobacco Gavel's 17,330 acres, 
yielding 106,480 cwt. Early fruits are cultivated with success in 
the Mitija. There arc about 7,000,000 olive-tices, which promise 
to become a source of w^ealth. Alta-grass, an important article of 
commerce with England, grows on the high plateaus, where about 

410.000 tons are annually gathered on an area of about 2,964,000 
acres or 4630 square miles. 

Forests . — The forests cover an area (chiefly on the mountain 
slopes) of about 7,410,000 acres, or 11,600 K(]uare miles. About 

1.235.000 acres are in private ownershiis 247,000 acres belong to 
communes, and the whole of the remainder is the property of 
the state. The cork-oak extends over an aiea of 684,000 acres, 
the zeen-oak and the aleppo pine belong to valuable species. The 
date-jialm is cultivated in the oases ; at 'R'skra there are 150,000 
palm-trees ; in the Zilian, 556,000 ; in the Wed Kir, 637,000 ; in 
the Soiif, 180,000. 

Live Stock . — ^The live stock in 1 898 consisted of 202,843 horsei^ 
142,796 mules, 255,870 asses, 205,827 dromedaries, 3, 004, 175 cattle, 
7,026,290 sheep, 8,566, 508 goats, and 90,765 pigs ; in alL 12,494,574 
animals, of which 881,457 belonged to non-natives and 11,663,117 
to natives. The value of the agricultural material was estimated 
at £1,160,000 sterling. 

Mines and guarries. ’--In the department of Algiers are coal-mines 
yielding about 10,000 tons of coal annually. Iron is mined at 
Mokta el Hadid* at Ain Mokra, and at other places ; the yearly 
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oatput Wng about 470,000 tona, worth ^£200, 000 aterllnu. lu I 
the extraction of the ore about 1500 workpeople are emmoyed 
The aliic and lead mlnea yield about 48,000 tone, worth £66.000 
Bterling. Antimony is found in the department of Constantine. 
The phosphate beds recently discovered provide material for a 
rapidly increasing industry. They yielded 240.000 tons of 

a bate in 1899. There are more than 800 quarries of stone, 
e, Ac. Salt is collected on the margins of the ohotts or lakes 
on the high plateaus. 

Industries are not very active. The more important 
are pottery, employing 1620 workmen ; shipbuilding, 256 ; tnnunig 
and leatlior-dressing, 2462 ; weaving and plaiting esparto goods, 
9272 ; chemical works. In 1898 there were altogether 19,398 in- 
austrial establislimenta, employing 59,077 poisons. 

CoMiwwrcc.— The principal imports are living animals, cereals, 
coffee, timber, coal, ana tissues ; while the chief exitorta are 
wine, alfa, tobacco, iron-ore, hides, cork, phosphates. The 
general trade (imiiorts and exjiorts) in 1^70 amounted to the value 
of 12 millions sterling; in 1880 to 18‘4 milhons, in 1889 to 16*4 
millions, in 1898 to 23*6 millions. The sjiocial trade in 1898 
amounted to 11 *6 millions sterling for imjiorts and 1 0*6 millions for 
exports. The imports from France were of the value of 9 millions 
sterling, and the exports to France almost reached the same amount. 
France sends to Algeria tissues, ready-made clothing, furniture, 
metal goods, leather and leather goods ; and receives Irom Algeria 
wine, cereals, sheep, wool, and horses. The imports from &eat 
Britain reached the value of £248,000, and the exports to Great 
Britain £541,000. Other countries trading with Algeria were in 
1898 (in order of inimirtance) Morocco, Russia, Tunis, Spain, the 
United States, Italy, Brazil, and Belgium. 

Shipping . — In 1898, 1834 vessels of 1,101,668 tons entered 
Algerian jiorts from abroad, and 1798 of 1,117,408 tons cleared for 
jiorts outside of Algeria. In the coasting trade, 8627 vessels, aggre- 
gating 1,621,628 tons, entered, and tue same cleared. Direct 
shipping relations between Algeria and France are reserved exclu- 
sively for the national flag. The most ircijuented Algerian port 
is Algiers (1,700,000 tons), then Oran (1,000,000), Philippevillo 
(600,000), and Bona (500,000). On 1st January 1899 the mercantile 
marine consisted of 657 sailing vessels of 7420 tons, and 64 steamers 
of 10,958 tons. 

Jlailways. — In 1888 Algeria liad 1740 miles of railway ; in 1900, 
2087 miles, of which 13.57 wore of normal gauge, besides 1134 miles 
under construction, of which 160 miles were of normal gauge. The 
princiiial linos are those from Algiers to Constantine, 290 miles ; 
from Algiers to Oran, 266 iiiiles ; and the lines crossing or pene- 
trating the country from Mostaganem to Am Sefra in tlio depart- 
ment of Oran, and from Pliilippeville to Biskra in the department 
of Constantine. The line from Algiers to Coiistautino is continued 
across the Tunisian frontier as far as the city of Tunis. The 
railway receipts in various years and the receipts per mile were 
as follows 


Yeara. 

ToUl ReccjiilH. 

iK'r 

1870 

£94,000 

£431 

1880 

489,600 

594 

1890 

96.5,840 

.554 

1896 i 

968,000 

500 

1898 ; 

1 1,040,000 

498 


The receipts per mile have fallen oif since 1880 owing to the con- 
struction of new lines. 

lioiids . — The length of the national loads in 1884 was 1784 
miles; in 1888, 1794 ; in 1898, 1791. 

Post-offices , — In 1897 there wore 553 ]) 08 t-oilices. The post and 
telegraph receipts in 1883 amounted to £150,600; in 1892 to 
£164,100 ; in 1897 to £183,000. The post-oHice orders issued in 
1888 mimbei*ed 618,861 and were of the value of £1,364,838 ; in 
1897, 925,498, of the value of £1,602,770, The )»yment8 into 
the post-ofiicc savings bank in 1888 amounted to £154,750 ; in 
1897 to £387,940. 

Banks . — The movement of coin and notes at the Bank of Algeria, 
whose head office is at Algiers, amounted in 1897-98 to over 56 
millions sterling ; that at the office of the Algerian Company to 
52 millions ; and at tlie five branches of the CrAtit Lyonnais to 
29 J millions. In 1897 the OrAlit Fonder et Jtjricole of Algeria 
made advances to the amount of over 4 niillioiis sterling. 

Hlstorfh — Since the groat insurrection of 1871 there have been 
two revolts in Algeria, that of El Amri in 1876, and that of Bou 
Amama in 1881, in southern Oran, which was repressed not 
without difficulty. Another important event was the annexation 
of Myab (1882), where the inhabitants, tributary since 1853, had 
refused to fulfil their engagements. Since 1896 Algeria has suffered 
from the anti- Jewish agitation, which on several occasions, especially 
at Algiers, Oran, and Constantine, has led to riot and bloodsheo. 
In consequence of the difficulties raised by this propaganda, there 
has lately been a constant change in governors (see also Anti- 
8xM1T18M)« 


AtrrROKtTlKB.— SeatiseigiAe ginirale de V Algeria, Alger, 1899. 
-----Anmudrs stadati^ de la France, Paris.— Dunois et Ksaoo- 
MAUD. Geographic Auniomique. Paris, 1898. — LAVKUiut^uh. 
jExpos4 de la sUtuUion gdUrale de VAlif^rie, Mustapha, 1899. — 
Wahu VAlgirU (last edilioii), Paris, 1899.— V ion on. La 
Fraiuse dans VAfriqm du Nord, Paris, 1897 . — Gavfauxl. 
VAlfffirie, Paris, 1888. — D’HAi7.sbi>NVii.T k La cofoniaalion 
offidslle cn AlgArie, Paris, 1888. 

AlfflsrSi capiUl city ami seuijort ot Algeria, the 
I seat of the govt-ruiiient- general, of a court of aiijieal, 
and of an archbishop, and station of the 19th Corps 
d*Arm(5e. Taking into account only the ancient Algiers 
within the circuit of the city walls to the exclusion of the 
suburban faubourgs, the po))uktioTv, 48,908 in 1872, had 
increased to 82,58.5 in 1891, and reached 96,784 in 1900. 
The French iX)]mIation, 18,216 in 1872 and 38,041 
in 1891, numhered 42,004 in 1900 ; but this increase w'as 
mainly due to th(i facilities offered for the acquisition of 
writs of naturalimtioii. The Jews numliered 7857 ; t)ie 
Arabs, 23,202; foreigners, 2.‘1,721. Including the sub- 
url>an faubourgs from the rointc‘ TV.sciule to Maison Carrie, 
namely, St Eughne, Hussein Dey, P>usarea, Kl-Biar, P)l- 
Kouba, to mention only the most important groups of 
jKipulation, the inliabitaut^ of Algiers in 1900 numbered 
135,000 against aliout 66,000 within the same area in 
1872. Such a marked growth ot pojiulation is to be 
ascribed to the extension ot comin(‘rce, of shipping, of 
the public services, and of agriculture, lle.^ting cm higli 
hills all covered with garden.s, Algiers enjoys a didightful 
situation, and has become one of the ino.st frequented 
winter resorts. The old Algiers of nairow and steep 
streets, crowned by the Citadel, the KasUih, is distin- 
guished from the new Algiers, on level ground, which 
has for its princiiial road the su])erh Boulevard de la 
lldpublique. The chief public buildings are the Govern- 
ment House (Phlais du Gouvernement), the cathedral, the 
Grand Mosque, the library, and museum. The old walls 
of Algiers will soon be completely demolished, and in their 
place will be planted a line of forts w'hich w'ill occupy the 
edge of Mount Busare.a at an elevation of over 1300 
feet aliovc the sea. The port of Algiers is to bo entirely 
transformed, the Chamlier of Commerce and the Govern- 
ment having taken the nec^essary measures to push forward 
the works rapidly. The main object is to do away with 
the sorry port of Agha. At pre.sent, however, a public 
warehouse has been established in connexion with the 
loading and unloading of the gocxls. The jetty to the 
south of the iiort lias lieen enlarged, iiending the extension 
of the north jetty, Ow'ing to the inijirovemeut already 
accomplished, Algiers has become one of the most con- 
siderable colonial maritime eni repots. The tonnage, which 
in 1883 did not exc'eed 314,633, entered and cleared, 
amounted in 1894 to 924,616, and in 1898 to 1,702,310. 
In short, Algiers engrosses more than 40 jier cent, of the 
total traffic of Algeria. The merchant ships at the port 
numbered, in 1898, 250 of 10,348 tons, or 72 per cent, of 
the total tonnage of the merchant marine of Algeria. The 
seat of a college, with schools of law', medicine, science, 
and letters, Algiers in 1898 counted 1069 students of 
higher instruction — 509 in letters, 64 in science, 230 in 
medicine, and 266 in law. Algiers maintains communica- 
tion with Marseilles by a quick service of steamers, which 
run the 497 miles across the Mediterranean in twenty- 
eight to thirty hours. The journey between Algiers and 
Paris, from which it is distant 1031 miles, is accomplished 
in about forty-five hours. 

Authorities. — ^Takdieu. Alger tel qnCd est. 1887. — Drouet. 
Alger et le Sahel, 1887.— Wahl. VAlgiric, 1897.— Pensa. 
AlgArie: Voyage de la dHigaium de la Commission dUiuUs^ Ac. 
1894, — PiKSHE. AlgArie (Guido Joauue). — Playfaiij. llandhook 
(Murray's) of Algeria and Tunis, 1895. (p. L») 
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Alhanut d* Onuuula, a town in the province 
t>f Qranada, Spain. Population, 7382. In 1884 five 
•churches, the hospital, the prison, the theatre, and more 
than a thousand houses were destroyed by an earthquake. 
Eight hundred persons were buried «under the ruins. A 
new town was built near the old one, mostly by subscrip- 
tions raised in the rest of Spain. Strange to say, the 
baths, situate outside the town, were not much injured. 

AlllhifAy a town of 17,000 inhabitants in the west- 
central portion of the province of Nueva Ecija, Luzon, 
Philippine Islands. It is well situated in the midst of 
a rich Indian corn, rice, sugar, and tobacco -producing 
region, and has a comparatively cool and healthful climate. 
Tagalog is the most important language ; Ilocano, Pam- 
])ango, and Pangasiuan are also used. 

Alicante, a maritime province in the S.E. of Sfmiii, 
with an area of 2096 square miles. Population (1897), 
451,174. The coast-line has an extent of 107 miles. The 
roads are not in very good condition. Railways run through 
the province from Alicante to Madrid, and to Murcia, and the 
south of Sf>ain. The province is divided into 14 districts 
and 138 parishes. There are, in working coinlition, 7 mines 
of iron ore, 2 of lignite, and 2 salt-mines. The salt-mines 
of Torrevieja employed 561 men, and produced in 1898 
93,493 tons of the estimated value of j£3 1,082. The 
live stock in the province includes 4031 horw^s, 14,960 
mules, 8908 donkeys, 2160 oxen and cows, 52,790 sheep, 
19,461 goats, and 6555 pigs. Wheat is grown on 9000 
ucres, rye, oats, barley, and maize ou 59,000, vines on 
259,000, olive on 41,250. The births in the province 
average five to every four deaths. The pojuilaiion dc^a 
not increase, however, owing to the* emigration, mainly to 
'Oran in Algeria. Only the provinces of Almeria and 
IVmtevedra show more emigrants annually than Alicante. 

AIICAntCf a town of S])ain, capititl of the above pro- 
vince, and a resort in winter for invalids on account of its 
mild and steady climate. Population in 1897, 49,463. Ali- 
cante was moi’o affected than the other Menliterranean jKirts 
in 1898 when Spain lost her colonies, after her struggle 
with the United States, as is shown by the figures of the 
shi])ping at the port in 1897 and 1898. In 1897 the return 
of all the shipping gives 1769 vesstils, with 1,475,994 toms, 
and in 1898, 1660 vessels, witli 1,008,937 tons. The coast- 
ing trade has been on the increase for several years, and 
this partly explains how 1 250 Si»anish vessels, wittf836,795 
tons, rank in the returns for 1898. The principal exjorts 
were wines, valued at X700,000 iu 1897, and £800,000 in 
1898 ; lead, valued at .£160,000 in 1897, and £150,000 in 
1898 ; almonds, valued at £60,000 in 1897, and £65,000 
in 1898 ; es])arto, valued at £10, 000 in 1897, and £20,000 
in 1898; saffron, valued at £75,000 in 1897, and £40,000 
in 1898. 

Alica Maud Maryp Grand-Duchess of Hessk- 
Darmstadt (1843-1878), second daughter and third child 
of Queen Victoria, was Iku'ii at Ruckingham Palace, 25th 
April 1843. A ]»retty, delicate -featured child — “cheer- 
ful, merry, full of fun and mischief,” as her elder sister 
described her — fond of gymnastics, a good skater, and a 
devoted rider, she was a general favourite from her earliest 
days. Her first years were passed without |)articular 
incident in the home circle, where the training of their 
children was a matter of the greatest concern to the Queen 
and the Prince Consort. Among other things, the royal 
children were encouraged to visit the jx)or, and the effect 
of this training was very noticeable in the later life of 
Princess Alice. After the marriage of the Princess Royal 
in 1858, the new responsibilities devolving upon Princess 
Alice, as the eldest daughter at home, called forth the 
higher traits of her character, and brought her into still 


ALIGARH 

closer relationship with her parents, and especially with 
her lather. In the summer of 1860, at Windsor Castle, 
Princess Alice first met her future husband, Prince Louis 
of Hesse. 4n attachment quickly sprang up, and on the 
princess second visit in November they were formally 
engaged. In the following year, on the announcement of 
the contemplated marriage, the House of Commons unani- 
mously voted a dowry of £30,000 and an annuity of 
£6000 to the princess. In December 1861, while pre- 
parations were being made for the marriage, the Prince 
Consort was struck down with typhoid fever, and died on 
the 14th. Princess Alice nursed her father during his 
short illness with the utmost care, and after his death 
devoted herself to comforting her mother under this 
terrible blow. Her marriage took place at Osborne, on 
1st July 1862. The princess unconsciously wrote her 
own biography from this jx^riod in her constant letters to 
Queen Victoria, a selection of which were allowed to be 
printed iu 1883. They first apjxiared in Germany, under 
the editorship of Doctor Sell ; the English edition whicli 
followed l)eing edited by Princess Helena (Princess Chris- 
tian). These letters give a complete ]ncture of the daily 
life of the duke and duchess, and they also show the in- 
teiise love of the latter for her husband, her mother, ami 
her native land. She managed to visit England every 
year, and it was at her si^ecial request that when she died 
her husband laid an English ilag upon her coffin. 

In the war between Austria and Prussia in 1866, 
Hesse -Darmstadt was uix)n the side of the Austrians . 
Prince Louis aecom])anied his troops to the front, and 
was duly appointfwl by the grand-duke to the command 
of the Hessian division. This was a time of intense trial 
to the princess, whose husband and brother-in-law, th(3 
crown primje of Prussia, were necessarily fighting upon 
opposite sides. The duke of Hesse also took part lu the 
princijial battles of the Franco -Prussian war, while the 
duchess was actively engaged in organizing hospitals for the 
relief of the sick and wounded. The death of the duke^s 
father, Prince Charles of Hesse, on 20th March 1877, was 
followed by tluit of the grand -duke on 13th June, and 
Prince Louis succeeded to the throne as Grand Duke Louis 
IV. lu the summer of 1878 the grand -duke and duchess, 
wdth their family, came again to England, and went to East- 
lK)iirm*, where the duchess remained for some time. She 
returned to Darmstadt iu the autumn, and on 8th November 
1878 her daughter, Prinoess Victoria, was attacked by 
diphtheria. Three more of her children, as well as her 
husband, quickly cu.ught the disease, and the youngest, 
“ May,” succumbed on the 16th. Ou 7th December the 
princess was herself attacked, and, being weakened by 
nursing and anxiety, had not strength to resist the disease, 
which proved fatal on 14th DecernWr, the seventeentli 
anniversary of her father’s death. In a sermon preached 
on the day after her death, CJanon Duckworth admirably 
summed up the character of the princess : “Endowed wdth 
rich intellectual gifts, and with a force and charm of char- 
acter which would have made her a conspicuous {low'er in 
any rank, the princess whom we mourn has passed her brief 
days in unwearied use of great opportunities.” She left 
one son and four daughters. (g. f. b.) 

Allffarh, a city and district of British India, in the 
Meerut division of the N orth-West Provinces. The city, also 
known as Koil, is a station on the East Indian railway, 876 
miles from Calcutta. Sir Sayad Ahmad Khan, K.C.S.L, 
who died in .1898, founded in 1864 the Aligarh Institute 
and Scientific Society for the translation into the vernacular 
of western literature; and afterwards the Mahommedan 
Anglo-Oriental College, under English professors, with an 
English school attached. In 1896-97 the college had 114 



ALIPUR— ALLAHABAD 


gtudentci) and meetg with Btrong support from the enlightened I 
portion of the Mussulman community, whose aim is to 
raise it to the status of a university, with the power of I 
conferring degrees. Population (1881), 61,730; (1891), 
61,485 ; (1901^ 70,127, showing an increase of 14 per 
cent; the municipal income in 1897-98 was Rs.63,923; 
the death-rate in 1897 was 40 per thousand. There arc 
three flour-mills, several cotton-presses, and a dairy farm. 

The district of Aligarh is traversed by several rail- 
ways, and also by the Gauges Canal, which is navigable. 
The chief trading centre is Hathras. Area, 1952 square 
miles; population (1891), 1,043,172, being 534 persons 
per square mile; (1901), 1,203,047, showing an increase 
of 15 per cent., due to the extension of irrigation. The 
land revenue and rates are Ks.25,97,223, the incidence of 
assessment being B.1 :1 1 : 4 per acre ; the cultivated area 
in 1896-97 was 889,182 acres, of which 520,667 were 
irrigated from wells, &c. ; the number of police was 2954 ; 
there are 78 vernacular schools, with 6979 pupils; the 
registered death-rate in 1897 was 34 yer thousand. Thei-e 
are 12 factories for ginning and pressing cotton, and 182 
Indigo factories, with an out-turn which is valued at 
Us.6,88,000. 

Allpul'll See Calcutta. 

Alirttjpurf a native state of India, under the 
Hhopawar agency. It lies in Mal'a^ near the frontier of 
Bombay. It has an area of 837 square miles; and a 
]K>pulation (1891) of 70,091, being 84 persons i)cr square 
mile. The country is hilly, and many of the inliabitants 
are aboriginal Bhils. It lias from time to time been under 
British administration. The chief, whoso title is Kano, is 
41 Hahtor Bajput. He has an estimated revenue of 
Us. 130,633, and pays a tribute of Us. 11,000. The town 
of Alirajpur is situated in 22” IT N. lat. and 74” 24' E. 
long. The Victoria bridge was built to commemorate tlie 
Diamond Jubilee of 1897. 

AII«on, Sir Archibald, Bart. (182G 

British general and colonel of the Seafortb High- 
landers, eldest sou of the iirst baronet, the well-known 
historian, was born at Edinburgh, on 21st January 
1826. Educated at Glasgow and Edinburgh Universities, 
he entered the 72nd Highlanders as ensign in 1846. 
He was promoted caj)tain in 1853, and served in 
the Crimean campugn at the siege of St*bastopol (medal 
with clas}), Turkish medal, brevet majority). During 
the Indian Mutiny he was military secretary to Sir Colin 
Campbell, commander-in-ebief, aiitl was severely wounded 
at the relief of Lucknow, losing an arm (medal with clasp, 
brevet lieut.-coicnelcy, C.B.). Erorii 1862 to 1873 he 
served on the staff as an assistant adjutant-general at 
headquarters, Portsmouth, and Aldershot. He commanded 
the European brigade, and was second in command of the 
Ashanti Expedition 1873-74, distinguishing himself at 
the battle of Amoaful, capture of Bequab, action of 
Ordahsu, and capture of Kuuiassi (uiedal with clasp, 
thanks of parliament, and K.C.B.). For three years 
Alison was deputy ac^utant-general on the headquarters 
staff in Ireland and then, for a few months, comnuimbint 
of the Staff College. He was promoted to l)e major-general 
in 1877, and from 1878 to 1882 was head of the intelli- 
gence branch of the War Offlee. Ho commanded the 
troops at Alexandria in 1882 until the arrival of Sir 
Garnet Wolseley, commanded the Highland Brigade at 
the battle of Tel-el-Kebir in the Egyptian campaign, and 
remained in command of the army of occupation of Egypt 
until 1883 (medal with clasp, bronze star, second class 
Osmanieb, thanks of parliament, and promoted lieut.- 
general for distinguished service). He commanded the 
Aldershot division from 1883 to 1888, was for some 
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months adjutant -general to the forces during Lord 
Wolseleys absence in Egypt, was made G.(\B. in 1887, 
and was promoted general and became a military member 
of the Council of India in 1889. 

AIIU^MIlba. See Abyssinia. 

Allwalf a village of British India, in the Ludhiana 
district of the Punjab, situated in 30” 57' N. lat. and 
75” 37' E. long., on the left Imuk of the Sutlej. Here, f>u 
28th June 1846, Sir Harry Smith, in aimmancl of a cavalry 
force, inflicted a severe defeat iqion the Sikhs. 

Allwal North, a town of Cai)e Colony, on the 
left bank of the Oi'ange rivtT, which is here spanned by 
a fine bridge, 860 feet long. The town is ibo present 
terminus of the line running from East London through 
Molteno and Biughersdorp northwards, and carries on 
a brisk trade with the Orange Biver Colony and surround- 
ing districts. The ])opulation is about 3000. Aliwal 
North is so named to distinguish it from Auw al South, 
which is the seaport of the pastoral Ciah\eld district, and 
stands on the west side of Mossel Buy under the Capo St 
Blaize headland, by which it is sheltered from the tierce 
southern winds. It has a considerable import and export 
trade, ranking in this respect fourth amongst the .seaixirts 
of Ca^xs Colony. The population is about 3000. 

AlkltlAftr, a town of the Neth(M‘laiKl>. in the 
province of North Holland, about 20 miles N.N.W. of 
Amsterdam by mil. It is also connected b^ steam tramway 
(1896) wdtli I'urinerend, Amsterdam, and Hoorn. There 
is a military school here. Population in 1870, 1 1,410, in 
1900, 18,275. 

Allada. See Dahomey. 

Allahabad, a city of British India, the ca]>ital of 
the North- W'est l^’ovinces, also a district and a division. 
The city is situated at the confluence of the Ganges and 
the Jumna, 564 miles from C’alcutta by rail, illodern 
buildings include Government House', the High Court, the 
Mayo memorial and town liall, the Muir tVntral College, 
the ThoruhiU and lilayne memorial library and museum, the 
Naiiii central jail, IVinity church, and the Bomau Catholic 
(‘athedral. I’he Jumna is crossed by a railway bridge, 
and there are two bridges of boats over the Ganges. The 
military cantonments contain accommodation for ail three 
arms. Population (1881), 148,547 ; (1891), 1 75,24G ; (1901), 
1 75,748. The municipal income in 1 897-98 was Bs. 3,93,283; 
the registered death-rate in 1897 was 3G’5 ]>er thousand. 
The municii>ality consists of 28 memliers, of whom 21 are 
elected, with the magistratti as e,r officio chairman. The 
water-supply, wdiich was extended in 1897, jirovides 
1,425,000 gallons a day, or 8 gallons per head. In 1 89G-97 
the Muir Central College had 195 students; the Kayasth 
I'athsala had 73 students. There are four high schools 
and an American mission. There are 33 printing presses, 
4 English and 4 vernacular newsijapers, a literary institute, 
the Kayasth association, a Mahommedan union, and debiting 
society. 

The district of Allahabad is traversed b^ the East 
Indian railway and the Great Trunk road. Ajiart from the 
city, it contains no town with a population exceeding 5000. 
Area, 2852 .square miles; po]mlatiou (1891), 1,548,737, 
being 543 persims ])er square mile; (1901), 1,487,904, 
showing a decrease of 4 jxsr cent. The land revenue and 
rates are Bs. 19, 12, 757, the incidence of assessment Jx?ing 
B.l:5:3 per acre; the cultivated area in 189G-97 w’as 
882,887 acres, of which 232,774 were irrigated Irom wells 
and tanks; the number of police was 4745 ; there are 217 
vernacular schools, with 5941 pu])ils ; the registered death- 
rate in 1897 was 45 per thousand. The princqial crops 
are rice, millet, pulse, Imrley, cotton, oi>ium, and indigo. 
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There are 23 indigo factorieH, with an out-turn valued at 
118.1,09,000. 

The divisibn of Allahabad has an area of 17,265 square 
miles. Population (1891), 5,757,121, being 333 persons 
per square mile; (1901), 5,535,803, showing a decrease 
of 4 per rent., due to the famine of 1896-97, which was 
severely felt in this tract. It comj)ri8es the eight districts 
of Cawnpore, Fatelipur, Panda, Hamii'pur, Allahabad, 
Jhansi, Jalaun, and Lalitpur. 

AllaSfhsny. a city of Pennsylvania, U.SJl., situ- 
ated in lat. 40" 27' N. and long. 80" 00' W. on the north 
bank of the Allegheny and Ohio rivers, o])po8ito Pittsburg, 
with which it forms a single business and manufacturing 
community. The elevation alx>ve sea-levcl at the station 
of the Pennsylvania liailroad, in the lower part of the city, 
is 73G fort, most of the city lieing much higher. The 
main position is on a plateau immediately above the rivers, 
witli residence jiortions extending over the hills behind. 
The river part is occupied by manufacturers, while the 
principal mercantile quarter is along Federal and Ohio 
streets, whicli intersect at a central scpiare, containing the 
city hall, j»ost ofthie, Carnegie free library, and the market- 
1)1 iwe. Tlu* jiarks consist of tlie east, north, and west 
parks, nearly surrounding the central business section, and 
Kiverview Park on the hills alsjut two miles to the north. 
The population in 1890 was 105,287 ; in 1900, 129,896, 
wdth a death-rate of 16*23. The higher institutions of 
learning are the Western University of Pennsylvania and 
theological seminaries of tlw^ Presbyterian and United 
Presbyti'rian churches. In the lower iiart of the city is 
the Riverside State Penitentiary. The government con- 
sists of a mayor, and dejiartmeiits of public safety, public 
wtirks, and public charity, with select and common 
councils. The annual exiiendituie is $2,099,000, the debt 
is $4,810,588, and the valuation of proi»orty $81,601,300. 
There are throe hospitals, ten Imnking institutions, and 
four insurance com}mnies. It has extensive manufactures, 
amounting in 1890 to $20,500,000, mainly of iron, leather, 
and paint. Three railways, the I'ennsylvania, the Pitts- 
burg and Western, and the Buffalo, Rochester, and Pitts- 
burg, enter the city. 

AHsnstoiny a town of Prussia, province East 
Prussia, 100 miles by rail N.E. from Thorn. It has a 
medifeval ei)iscoi>al castle, a couple of churches, a syna- 
gogue, a lunatic asylum, and various industries — iron- 
foundries, saw-mills, brick-works, and breweries; also a 
trade in cereals and tindier. Population (1885), 11,555; 
(1895), 21,579; (1901), 24,307. 

AllentOWfly a city of Ponusylvaiiia, U.S.A., the 
capital of Lehigh county, situated in 40“ 37' N. lat. 
and 75" 27' W. long., in the eastern part of the state, 
in Lehigh Valley, at an altitude of 256 feet, sixty miles 
north by wtjst from Philadelphia. Though its site is 
hilly, its plan is (pute regular. The city is divided into 
cloven wards, and is entered by four railways, the Central 
of New Jersey, the Lehigh Valley, the Perkiomen, and the 
Fhiladeljdiia and Reading. It lias inqiortant manu- 
factures of boots and shws, iron and silk. It is the site 
of Muhlenburg College. The ])opulation in 1880 was 
18,063, in 1890 it was 25,228, and in 1900 it was 
35,416. 

AllappI, or Atjlapalay, a seaport of Southern India, 
in the state of Travancore, 33 miles south of Cochin, 
situated on a strip of coast lietween the sea and one of 
those l)ackwaters that here form the chief means of inland 
communication. There is a lighthouse, 85 feet high, with a 
revolving white light visible 18 miles out at sea. The 
exports consist of coffee, popper, cardamoms, and cocoa- 
nuts. There are two factories for coir matting. The 
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Eii^a has a palace, and Protestant missionaries have a 
church. Population (1891), 22,768. 

All#ry a town of Spain, in the province of Oviedo, 
21 miles S.£. of Oviedo, on the coast side of the Picos 
de Euro|>a that separate the basin of the rivers running 
towards the sea from the dry plateau of Old Castile. It 
standt^in the midst of a wooded country, and in the neigh- 
bourhood are coal and iron-ore mines and an iron foundry. 
There are two churches and schools. Population (1897), 
11,975. 

Alllaincay a city of Stark county, Ohio, U.S.A., 
situated in the north-east part of the state, at an altitude 
of 1081 feet, on three lines of railway. It is the seat of 
Mount Union College. Its manufactures consist in great 
l)art of agricultural tools and machines. The population in 
1880 was 4636, in 1890 it was 7607, and inl900 itwas8974. 

Alliory a department in the centre of France. It is 
traversed by the ramifications of the mountains of D6me 
and of the Forez, and watered by the Allier and the Cher. 
Its area occupies 2850 square miles. The department 
comprises 29 cantons, 321 communes, and had a ])Opula- 
tiou in 1901 of 422,083, against 424,582 in 1886. Births 
(1899), 7999, of which 463 were illegitimate; deaths, 
7236 ; marriages, 3590. The towns are Moulins (22,415 
inhabitants in 1896), Caniiat, La Palisse, Commentry,* 
Montlu^on, and Vichy. In 1896 there were 872 primary 
schools, with 60,688 pupils, and 9 per cent, of the popu- 
lation was illiterate. The area under cultivation measured 
1,660,255 acres, of which 1,185,600 acres were in forest 
and 34,580 acres in vineyards. In 1899 the wheat crop 
yielded a value of £1,804,210, and the vines £200,000. 
The live sRxik (1899) numliored 742,510 head, of which 
275,900 were cattle. Allier counts among the depart- 
ments of France in which the mining industry is in a for- 
ward state. It jiroduces a million tons of coal y( arly in 
the basin of Coiumentry. The industry in metals has 
likewise assumed large jiroportions around Moutlu^on, 
turning out 69,000 tons of iron, cast-iron, and steel, of 
the value of £700,000, in 1898. The other industries are 
in glass, in ])aper, in chemical products (Commentry), and 
in cutlery (St Pourgain). 

Alllnirhamp William (1824-1889), Irish man of 
letters and poet, was born at Ballyshannon, Donegal, 19th 
March 1824 (or 1828, according to some authorities), and 
was the son of the manager of a local bank. lie obtained a 
post in the custom-house of his native town and filled several 
similar situations in Ireland and England until 1864, when 
he became sul)-editor of J'rasfr^s Magazine^ which he subse- 
quently edited until 1879. He had made himself known by 
the publication of a volume of poems in 1850, followed by 
The Music Master and Dag and Night Songsy a volume con- 
taining many charming lyrics, in 1855, and by Lawrence 
lUooinJiehly a narrative poem illustrative of Irish social 
questions, in 1864. lie married Helen Paterson, known 
under her wedded name as a distinguished water-colour 
painter, and died at Hampstead on the 18th of November 
1889. Though working on an unostentatious scale, 
Allingham produced much excellent lyrical and descriptive 
jioetry, and the best of his pieces are thoroughly national 
in spirit and local colouring. 

Allmaiip Qeorffe James (1812-1898), 
British biologist, was born in Cork, Ireland, in 1812, and 
received his early education at the Academical Institution, 
Belfast. For some time he studied for the Irish bar, but 
ultimately gave up law in favour of natural science. In 
1844 he gr^uaf;ed in medicine at Dublin, and was at once 
appointed Professor of Botany in that university. This 
position he held for about twelve years until he I'emoved 
to Edinburgh as Regius Professor of Natural History. 
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There he remained till 1870, when considerations of 
health induced him to resign his professorship and retire 
to Dorsetshiie, where he devoted himself to his favourite 
pastime of horticulture. The scientific iiapers which came 
from his |)en are very numerous. His most important 
work was upon the gymnoblastic hydrozoa, on which 
he published in 1871-72, through the liay Society, an 
exhaustive monograph, ba^d largely on his own researches 
and illustrated with drawings of remarkable excellence 
from his own hand. Biological science is also indebted to 
him for several convenient terms which have come into 
daily use, emloderm and ectoderm for the two cellular 
layers of the body-wall in Ccelenterates. He Injcame a 
Fellow of the Royal Society in 1854, and received a 
Royal medal in 1873. For several years he 0 (*cupied the 
presidential chair of the Linmean Society, and in 1879 
he presided over the Sheffield meeting of the British 
Association, llo died 24th November 1898. 

Alloa, a river port and police burgli on the north side 
of the Forth in the county of Clackmannan, Scotland, 
28 miles from Leith by water, and 64 inil(?s E. of Stirling 
by rail. The register of shipping included 7 vessels of 
374 ton'i at the end of 1898 ; in 1898 entered 918 vessels 
of 177,004 tons, cleared 1056 of 201,576 tons. Coal is 
the chief article of export, 345,631 tons being shipped in 
1898. There are in the town 8 breweries. Spinning mills 
(its yarn is famous), engineering works, and chemical works 
are among the industrial features. The parish church has 
been restored internally, and recent erections are a hall 
and museum, a town hall and free jmblic library (designed 
by Mr. Waterhouse, R.A., the gift of Mr. J. Thomson 
li,ton), a county combination hosi)ital, a secondary school, 
public baths and gymnasium, and an accident hospital. 
A public jmrk has been opened. One of the schools is an 
ac^einy. Population of police burgh in 1881, 8812 ; 
1891, 10,754; 1901, 11,417. 

Allotments and Small Holdings.— As 

the meaning of these terms varies in different localities, it 
may bo as well to say at once that for the prest)nt ]»urposo 
tliey are diffinable as pieces of land detached from cottages, 
and hired or owned by labouring men to supplement their 
main income. We do not include any farm, however 
small, from which the occupier derives his main sup- 
port by dairying, market-gardening, or other form of la 
petite culture, So also, no account is taken of the tiny 
garden plot, used for growing vegetables for the table and 
simple flowers, whic-h is properly an ajipurtenance of the 
cottage. Clearing away what is extraneous, the essential 
point round which much controversy has raged is the 
labourer’s share in the land. To some extent this de|H*nds 
upon tradition. In agriculture, the oldest of all indus- 
tries, a cash payment is not even now regarded as 
discharging the obligations between master and servant. 
Mr Wilson Fox, in reporting to the Board of Trade on the 
earnings of agricultural labourers in Great Britain, gives, as 
a typical survival of an old custom, the case of a shepherd 
whose total income was calculated at £60 a year, but who 
got only £16 in money, the rest being made up by rights 
of grazing live-stock and growing crops on his master’s 
land, and kindred privileges. That is exactly in the spirit 
that use<l to pervade agriculture, and doubtless had its 
origin in the manorial system. If we turn back to the 
13th century, from Walter de Henley’s Husbandry it will 
be seen that practically there were only two classes engaged 
in agriculture, and corresponding with them were two 
kinds of land. There were, on the one hand, the employer, 
the lord, and his demesne land ; on the other, the villans, 
and the land held in villenage. Putting aside for the 
moment any discussion of the exact degree of servitude, it 


LOTMENTS 321 

will be seen that the essence of the liargain was that the 
villan should bo permitted to cultivate a virgatc' of land 
for his own use in return for service rendered on the huuio 
farm. This is not altered by the fact that the conditions 
approached those of slavery, that the villans were aihvnjtfi 
(fleboi^ that in some cases th(*ir wives and sons were 
bequeathed by dtsed to the service of religious houses, and 
that in many other resiHWts their freedom was limited. 
Out of this, in the courst^ of centuries, w'as <levelof>ed the 
system prevailing tcKlay. Lammas lands are indeed a 
survival from it. Thtn*o are in tlie valley of the Lea, and 
close to London, to tak(» one exainjile, lands allotU*d annually 
in little strips till the cro]»8 are carried, when, the day 
being fixed by a reeve, the land becomes a common pasture 
till the spring closing takes place once more. IVrhajis the 
featui-e of this old bystem that liears most iliiecily on the 
question of allotments w^as the treatment of the waste of 
tho manor. The lord, like Ins tenants, was limit€*d by 
custom as regards tho numbei of iKiasts he could graze on 
it. After the havoc of the Black Death in 1.349, many 
changes w'cro necessitated by the hcareity and di^arness of 
labour. It became less unusual for laud to l>e let and for 
money payment to lie accepted instead of sei vices. There 
was a great demand for wool, and to conduct s}ieej»* farm- 
ing on a large scale necessitated a re-ai rangement oi the 
manor and tho enclosure of many common fields under the 
statute of Merton and the statute of Westminster Second. 
Nevertheless, up to the 1 8th century, a vast jiroportioii of 
agricultural land was technically waste on which rights of 
common w’ere exercised by yeomen, some of whom had 
acquired holdings by tho ordinary methods of purchase or 
inheritance, while others had merely squatted and built 
a house on the waste. It is to this period that belongs a 
certain injustice to which the jjeasantry were subject. No 
reasonable doubt cau be entertained of the necessity of 
enclosure. Husliaudry, after long stagnation, was making 
great advance; and among others, Arthur Young raised 
his voice against the clumsy inconvenient common fields 
that w'ere tho first to be enclosed. Between 1709 and 
1797 no fewer than 3110 Acts, aficctiiig, as far as can be 
calculated, about 3,000,000 acres, were put into operation. 
They seem mostly to have been directed to the common 
fields. In the first half of the 19th century the movement 
went on apace. In a single year, 1801, no fewer than 119 
Acts were jiassed ; and between 1801 and 1842 close on 
2000 Acts were passed — many of them expressly directed 
to tho enclosure of wastes and commons. The same thing 
continued till 1869. It touchc'd the peasant directly and 
indirectly. The enclosure of the common fields proved 
most hurtful to the small farmer; the enclosure of the 
waste injured the labourer by depriving him, without 
adequate compensation, of such useful privileges as the 
right to graze a cow, a pig, geesi», or other small animals. 
It also discouraged him by tending to the extinction of small 
tenancies and freeholds that were no longer workable at a 
profit when common rights ceased to go with them. The 
industrious labourer could previously nourish a hope of 
bettering his condition by obtaining a small holding. Vet, 
though the labourer suffered, iiiqwirtial study does not 
show any intentional injustice. He held a very weak 
position when those interested in a common affixed to the 
church door a notice that they intended to petition. As 
MrCowjier said in the House of Commons on 13th March 
1844, “the course adopted had D'en to compensate tho 
owner of tho cottage to whom the common right belonged, 
forgetting the claims of the occupier by w4ioiii they were 
ciyoyed ” ; and in the same debiite Sir Robt'rt Teel pointed 
out that not only the rights of tho tenant, but those of 
his successors ought to have Ixien studied. The course 
adopted divorced the labourer from the soil. 

S. L — 41 
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Parliament, as a matter of fact, had from a very early 
f)eriod recognized the wisdom of contenting the peasant. 
In the 14th century England was a land of small farms 
wherein the tenant lived in rude abundance. Next 
century a ruml exodus began, owing to the practice of 
enclosing the holdings and turning them into sheep 
walks. In 1487 an Act was jiassed ci\joining landlords to 
“ keep uf) houses of husbandry,” and attach convenient 
land to them. Within the next hundred years a number 
of similar atteinj)ts were made to control what wo may 
call the sheep fever of the time. Then we arrive at the 
reign of Elizalieth and the famous Hmall Holdings Act 
passed in 1597 — an anticipation of the tliree-acres-and-a- 
cow policy advocated towards the end of the 19th century. 
H recjuired that no j)er8on shall “ build, convert, or ordain 
any cotUge for habitation or dwelling for jiersons engaged in 
husbandry ” unless the owner “do assign or lay to the same 
cottage or building four aertjs of ground at the least.” It 
also providinl against any “inmate or under-sitter” being 
admitted to what was sticred to one family. This mtsasure 
was not conceived in the 8j»irit of modern politnjal economy, 
but it had the effect of staying the rural exodus. It was 
rejKialed in 1775 on the ground that it. restricted the 
building of cottages. By that time the modern feeling in 
favour of allotments had begun to ripim, and it was con- 
tended that some compensation should be made to the 
labourers for depriving them of the* advantages of the 
waste. Up to then the English labouring rustic had biien 
very well off. Food was abundant and ehea] », so were clothes 
and boots ; he could graze his cow or ]»ig on the common, and 
also obtain fuel from it. Now he fell on evil <lays. Prices 
rose, wages fell, j»rivih‘ge.s were lost, and in many cases he 
had to sell the patch of land the ]iossessiou of which 
made all the difference Ix'tween hardship and comfort. 
All this was setm plainly enough both by stalesnuui and 
private philanthropists One of the first exjieriments was 
described by Sir John Sinclair in a note to the rejiGrt of 
a select committee of tlu‘ House of Oomnions on waste 
lands in 1795. About 1772 the lord of th(i manor of 
Bomo coiumoiiable lands near Tewkesbury had with great 
success set out 25 aci*es in allotments for the use of some 
of the ]>oor. Sir John was very much stmek with the 
result, and so hiyirtily ajijilauded the idea that the com- 
mittee recoinineiKled that any gimeral Enclosure Bill should 
have a clause in it j>rovidiiig lor “ the accommodation of 
land.” Sir Thomas Bernard and Mr Wilberforce took an 
active* part in aelvocating the* priuci]»le of allotments, on 
the ground, to hunimarize their arguinent in language em- 
ploy c*d later by a witness liefore the 1 louse of Commons, that 
“it keeps the cottagers buoyantand makes them industrious.” 
In 1 SOC), at the suggestion of the rector, a clause? assigning 
an allotment of half an acre to every cottage w'as in8ert(?d 
ill an Euclo.sare Bill then under consideration for the ]>arish 
of Broad Somi'ilord in Wiltshire. This w'as done, “and 
the exaiiipk? was ft)l lowed by nearly every adjoining parish 
in that part of Wiltshire.” Pas.siiig over several praise*- 
worthy establishments of allotments by jn’ivate iiersoiis, we 
come to 1819, when rarliament ])assed an Act akin in 
spirit to sevt?ral that came into existence dm mg the later 
portion of the Vietouan era. It empowered the church- 
wardens and overseiM-s of any parish, with the consent of 
the vestry, to purchase or bin? laud not exceeding 25 acres, 
and to let it in jsirtions to“any])oor and industrious 
iulxabitaut of the parish.” This was amended in 1831 by 
au Act extending the quantity of land to 50 acres, and also 
convoying an iin])ortant new' power to enable the same 
authorities to enclose from any waste or common land not 
exceeding 50 acres to lx* di*voted to the same jiurpose. 
This was followed next year by au Act relating to fuel, 
and in 1834 the Poor l^aw Commissioners nqiorted favour- 
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ably on the principle of granting allotments. In 1843 an 
important inquiry into the subject was made by a com- 
mittee of the House of Commons, which produced a number 
of valuable suggestions. One consequence was the Bill of 
1 845, brought into Parliament by Mr Cowper. It passed the 
House of Commons ; and there Mr Bright made a remark 
that probably summarized a general opinion, since it never 
came to a third reading in the House of Lords. He said 
that “ the voluntary system of arrangement would do all 
the good that was 6x|)ccted to accrue from the allotment 
system.” 

At this point in the history of the movement it may bo 
as well to pause and ask what was the net result of so 
much legislation and benevolent action. Messrs Tremen- 
heero and Tufnall, who yirefixed an admirable epitome of 
what had been done to the report of the Commission “ ap- 
}>ointed to inquire into the emyiloymont of women, young 
yiersons, and children in agriculture” (18C7), expressed 
considerable disapyxiintmont. Between 1710 and 1867, 
7,660,413 statute acres were added to the cultivated area 
of England and Wales, or about onc-third of the area in 
cultivation at the latter date ; and of this total, 484,893 
acres were enclosed between 1845 and 1867. Of the latter, 
only 2119 acres were assigned as public allotments for 
gardens to the labouring poor. It was found to be the 
ca.se, as it is now', that land was taken up more readily 
when offered privately and voluntarily than when it came 
through ollicial sources. Meanwhile coiiqieicut and 
thoughtful men saw well that the sullen discontent of the 
jieasantry continued, in Lord Bacon’s phrase, to threaten 
“the might and manhood of the kingdom.” It had 
existed since the beginning of the Napoleonic wars, and 
laid become more articulate with the spread of education. 
We shall see a consciousness of its presence reflected in 
the minds of statesmen and politicians as we briefly 
examine the later ]ihase of the movement. This found 
cx})reBsion in the clauses against enclosure introduced by 
Lord Beacousfield in 1876, and gave force to the three- 
acres-and-a-cow agitation, of w'hich the mon? prominent 
leaders were Mr .Joseph Arch and Mr .Jesse Col lings. In 
1 882 the Allotments Extension Act w'as yiassed, the object 
of which was to let the jiarishioucrs liave charity land in 
allotments, provided it or the revenue from it w'as not used 
for ajipreuticeship, ecclesiastical, or educational ])uri)Oses. 
A committee of the House of Commons, ayipointed in 
1885 to inquire into the housing of the W'orking classes, 
rejiorted strongly in favour of allotments, and this was 
followed in 1887 by the Allotments Act — the first measure 
in which the principle of compulsory acquisition was ad- 
mi tti*d in regard to other than charity lands. Its ad- 
ministration was first given to the Sanitary Authority, but 
yiassed to the District Councils when these bodies were 
established in 1894. The local body is empowered to hire 
or jmrehase suitable land, and if they do not find any in 
the market they are to petition the County Council, wMch 
after due inquiry may issue a provisional order com|)6lling 
owners to sell land, anil the Local Government Board may 
introdni?e a Bill into Parliament to confirm the order. It 
was found that the Sanitary Authority did not carry out 
the scheme, and in 1 890 another Act was jiassed for the 
purjiose of allowing applicants for allotments, when the 
Sanitary Authority failed to provide land, to a})peal to the 
County Council. Judging from the evidence laid before 
the commission on agricultuml depression (1894), the 
Act of 1887 has not been a conspicuous success. Most of 
the witnesses ri?ported in such terms as these — “the 
Allotments Act has been quite inoperative in Cornwall ” ; 
“ the Act has been a dead letter in the district (Wigtown- 
shire) ” ; “ the Allotments Act has not lieen in operation 
in Flintshire ” ; “ nothing has been done in the district of 
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Pembrokeshire under the Act.** nI evidence whatever 
was adduced to show that in a single district a diflerent 
state of things had to be recorded. From a return pre- 
sented by the Local Government Board to Parliament in 
1896 we learn that eighty-three rural sanitary authorities 
had acquired land for allotment prior to the 28th Decem- 
ber 1894) the date at which these authorities ceased to 
exist under the provisions of the Local Government Act 

1894. Land was acquired by compulsory purcliase in 
only one parish ; by purchase or agreement in eightc^en 
parishes; by hire by agreement in 132 parishes. Tho 
total acreage dealt with was 1836 acres 1 rood 34 poles, 
and the total number of tenants 4711. The number of 
County Councils that up to the same date had acquired 
land was twelve, and they had done so by comiJulsory 
purchase in one parish, by purchase or agreement in five 
parishes, by hire by agreement in twenty-four parishes. 
The total area dealt with was only 413 acre.s 1 rood 5 
poles, and the total number of tenants 825. Thii com- 
jdete totals affected at the date of the return, 21st August 

1895, by the Acts, therefore, were 2249 acres 2 roods 39 
poles, and 5536 tenants. A considerable extension has 
taken place since, but before dealing with that point a 
word should bo said of a mi^asure closely akin to the allot- 
ments legislation — viz., the Small Holdings Act introduced 
by Mr Henry Chaplin, and jiassed by rarlianieut in 1892. 
It was an attcm])t to apjiease tho rural discontent that 
had been seething for some time past and was silently 
but most eloquently expressed in a steady migration from 
the villages* 

The objtjct of this measure was to help the deserving 
labouring man to acquire a small holding, that is to say, 
a portion of land not loss than one acre or more than fifty 
acres in extent and of an annual value not exceeding X50. 
It is not necessary here to describe tluj legal steps by 
which this was to bo accomplished. Tho essence of the 
bargain was that a fifth of the purchase money should bij 
paid down, and tho remainder in half-yearly instalments 
8[>read over a jxjriod not exceeding fifty years. But if 
tho local authority thought fit a portion of the purchase 
money, not exceeding one-fourth, might remain unj>aid, 
and be secured by a i)er})etual rent charge upon the 
holding. It cannot l)e said that this Act has atbiiued 
tho object for which it was drawm up. From a return 
mode to tho House of Commons in February 1898 we 
obtain a statement of the working of the Allotments and 
Small Holdings Acts between the 27th Decern lier 1894 
and the 24th of June 1897. Of this document the 
following is a summary. 

Land was acquired for allotments between the 27th 
December 1894 and 24th of June 1897 by — 

3 county councils : {a) in two cases by purchase by 
agreement, tho land handed to parish councils to 
manage ; (6) in one case hiring by agreement. 
Total acreage, 33 acres 38 jioles — lot to forty-fivo 
tenants. 

3 councils of county boroughs: one case of purchase, 
three of hiring by agi-eemcnt. Total acreage, 42 
acres 2 roods 23 poles — let to 171 U^nants. 

120 urban district councils: (a) in 17 cases purchase 
by agreement; (1) in 118 cases hiring by agree- 
ment. Total acreage, 1591 acres 2 roods 4 poles — 
let to 6644 tenants. 

9 rural district councils : four cases by purchase, seven 
by hire. Total acreage, 160 acres 2 roods 18 poles — 
let to 288 tenants. 

1009 parish councils: (a) in six cases by compulsory 
hiring ; {h) in 1022 cases by hiring by agreement. 
Total acreage, 12,967 acres 2 roods 24 poles — let 
to 24,389 tenants. 
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4 parish meetings: by hiring by agreement. Total 
acreage, 19 acres 17 poles — lot to 47 tenants. 

1 metropolitan vestry: by hiring by agieemcnt. 4 
acres 2 roods 12 poles — let to 79 tenants. 

In this i)eriod, therefore, local authorities have acquired 
for allotment 14,818 acres —let to 31,663 tenants, but 
61 county councils, 61 councils of county boroughs, 903 
urban district coui»cils, 692 rural district councils, 6361 
parish councils, and 5733 parish meetings had not accjuircd 
land for allotment. 

These facts are not highly enc(juraging to those who 
would wish to every workman in possession of an 
allotment ; but the results of the Small Iloldings Act are 
trivial in c*omj)arison. Within the same ijc^riod only three 
county councils had ac(|Ujred land in six ]>arishes for 
small holdings ; in one it was by ]»urc]iase, in the other 
five by hire, and the total acreage amounted to only 120 
acres 3 roods 5 poles — let to 45 tenants. 

It is, however, an English characteristic to prefer 
private to ])ublic arrangmneiits, and [probably a very great 
majority of the allotments now Ixjing cultivated are due 
to individual initiative. Theicaie no means of arriving 
at the actual facts, but data exist whereby it is at least 
]>ossib1e to form some rough idea of them. It is not tho 
custom to give in the annual agricultural returns any 
statement of the manner in w^hich land is held, and the 
latest information is to lie found in tln^ returns presented 
to Parliament in 1895. J<^rom theses we get the follow- 
ing tabhi, which will enable the reader to compare the 
numbers of large and small holdings, and understand how 
land IS held . — 


' — 

Fjoni 1 to 
f» Acn*s 

From ^ tt* 

50 AercH 

Above 50 AcroB. 


No 

AoipaKO. 

No. 

AcrcaKO 

No. 

Acreagt-. 

KiikIiukI 

8r.()r.6 

265,208 

170,501 

8,288,669 

085,024 

122,588 

21,200,751 

Wal«)M . . 

lojas 

a5,6«a 

80,t>61> 

is, 556 

2,167,702 

Scotland . 

20,150 

()5,S01 

88.tL>l 

bOK.080 

25,508 

4,210,645 

Great llritain 

117,068 

800,702 

, 235,481 

1 4,532,028 

1 ]66,6.»7 

27,678,008 


It would apiK»ar from this that, whereas 27i million 
acres are held in large holdings, scarcely five million 
acres are in small holdings. The ju’oportion varies greatly 
according to the district. Some counties, such as Cheshire 
and Worcester, are rich in small holdings ; while others — 
Westmoreland and Devoushiie, for cxanqile —contain few. 
We may assume, bow'cver, that the allotments do not 
come into the table at all. Th(‘y are scqmrately tabulated 
as holdings of land not exceeding an acre in extent. They 
may l>e summarized as follows : — 



UmliT 1 Acn* 

Ol 1 Aero 

1 otal of 1 Aero 
and over. 

England . . 

.^.112,11)3 

34,4.69 

656,622 

Wales . 

12,179 

1,095 

13.274 

IScutland . . 

7,648 

1,589 

9,237 

Great Britain 

641,990 

37,143 

.579,133 


These figures arc useful, but they should be taken as 
only approximate. It is in tlie nature of the case that 
there should be much fluctuatir)n in the uunil)er of these 
tiny plots, movement of j>o]mIaiion and other causes 
frequently leading to wdiole nt^sts of tlicin being desiM’tcd 
by the original occupiers and turned into ordinary fields 
again. A large proportion of them an* held by ]>cr- 
sons not engaged in agriculture, but following other }>ur- 
suits : witness the fact that they are most numerous 
ill jirojKirtiun to every 1000 acres cultivated in Notting- 
ham, Northampton, and Leicester. \vry often an allot- 
ment is more aecejitable to a village tradesman, a ^rixinter, 
bootmaker, or miner, tlian to a fanii-servant. W'ork on it 
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to the latter represents only a continuation of the day’s 
drudgery, while it is a pleasant change and relief to the 
former. Further, local conditions have much to do with 
their popularity. In practice, it is not found that a 
Northumbrian hind cares much for an allotment. He 
has a thousand or fifttHJii hundred yards of potatoes grown 
with his iiu^ster’s crop, and ho gets meal and fuel as })art 
of his wages. Better still, ho has a twelve months’ engage- 
ment for “ rain or shines, sickness or health ” ; but whore 
jnrquisitcss are not given on a swile so liberal, and wages 
are lower and ongagoments from week to week — even from 
day to day, as in sumo of the eastern counties of England, 
— then naturally the advantages of the allbtment are 
much more highly priz<3d. 

Ajiart from those created by legislation, there ate many 
groups of biiiall agricultural holdings that have either come 
to exist naturally or have been made during the last few 
years. Cheshire is a county wherein the former jirevail. 
A typical estate in it is that of Lord Egerton of Tatton. 
This is divided into 189 holdings, of which 117 are of less 
than 50 acres and 72 are under 10 acres. Even in a 
county so notable for its excellent jiasture a man could 
scarcely manage to live on one of these last-mentioned 
holdings ; and, as a matter of fact, those who have them are 
either agricultural labourers or possess some other means 
of earning a livelihood ; but the land forms a valuable 
supplement to wages. One point of inqiortanoo is that 
nowhere are large healthy families more jirized than on 
these small holdings, where the girls at a very early age 
learn to look after the poultry and attend to the lighter 
duties, while boys are set to harder tasks. It has been 
observed that in portions of England where farm labour 
is badly piid, and the men liave no laud, children are 
regarded as burdons and misfortunes. The Peckforton 
estate of Lord Tollemache differs from that of Lord 
Egerton, itiasmiich as pains have been taken to make small 
holdings on it. There are over 250 cottages, to which as 
much laud is attached as enables the occii]>ier to keep a cow, 
and the sale of milk and butter brings in enough to {lay 
the rent and vastly improve the food sujq)ly of the cottage. 
As there are over 120,000 holdings of less than 50 acres in 
Cheshire, it will be understood that the estates mentioned 
are typical of others. The Isle of Axholm, in Lincoln- 
shire, has long been famous for Its small holdings, and as 
they are to a great extent cultivated on the open-field 
system they are probably of great antiquity. In the 
parish of Ep worth there are 421 agricultural holdings, of 
which 356 are under and 65 over 20 acres in exUuit ; in the 
parish of Haxey, 574 agricultural holdings, 475 under and 
99 over 20 acres; in West Butterwick, 132 agricultural 
holdings, 109 under 20 acres and 23 over. It would 
appear that the tendency is tow'ards subdivision. Most of 
the laud is held in strips, and at the owner’s death these 
are often sold sepirately. Luring the worst of the 
depression a great amount of suffering was felt, but 
recently accounts have been more cheerful. Lord Savile’s 
estate in Yorkshire is an outstanding exam]de of land in 
small holdings. It consists of 10,848 acres, held in 682 
tenancies, averaging about 16 acres each. Experience 
there seems to show that a man reiiuires about 30 acres of 
ordinary agricultural land in order to obtain a living 
from it. 

To these examples of small holdings, it may be useful 
to add ati account of the manner in which one set was 
formed ; and we select for the purpose that at Winterslow, 
in Wiltshire, chiefly for the reason that, save for a little 
guidance, the men worked out their own salvation. Major 
Poore, who originally conceiveil the idea, has not been a 
]Kmny out of pocket on account of it. Wlien land was 
cheap in 1892, owing to the depression in agriculture, he 
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purchased an estate. The price came to an averc^ of 
£10 an acre, and he made the average for selling it out 
again £15 on a principle of instalments. But his object 
was not to make any profft from the transaction, and 
ho formed what is termed a Landholders’ Court, formed of 
the men themselves, every ten choosing one to represent 
them. This court was found to act well. It collected 
the instalments, which are paid in advance; and of 
course the members of it, down to the minutest detail, 
knew not only the circumstances, but the character of 
every applicant for land. The result speaks for itself. 
Early in 1901 there wore no arrears, and the expeni^s 
having proved only trivial there was a balance of £666 
in fiwour of the court, and about £150 had been spent 
in sinking a well. This fund has the very great advan- 
tage of establishing a common interest in the holders 
and inducing them to stick together. Various sums 
have lx?en lent out on mortgage, and, were a neighbour- 
ing viUago to wish it, the Winterslow holders are pre- 
jiared to listen to an application for a loan. It should 
be added that all the owners are, in the tiTie sense of the 
word, piiasants. They do not depend on the laud for a 
living, but work in various callings — many being wood- 
men— for wages that average about 15s. a week. The 
holdings vary in size from less than an acre to ten acres/ 
and are technically hold on a lease of 1999 years, practi- 
cally freehold, though by the ado])tion of a leasehold form 
a saving was effected in the cost of transfer. On the 
holdings most of the men liave erected houses, using for 
the purpose chalk dug up from their gardens, it lying only 
a few inches lielow the surface. It is not rock, but soft 
chalk, so that they are practically mud walls ; but being 
as a rule at least 18 inches thitik, the houses are very cool 
in summer and warm in winter. Major Poore calculates 
tiiiit in seven years these jicor people — there are not 
thirty of them altogether — have managed to produce for 
their houses and land a gross sum of not less than £5000. 
This he attributes to the loyal manner in which even 
distant members of the family liave helped. 

It remains to give a brief outline of what small hold- 
ings are like outside Great Britain. From the results of 
the Belgian Agricultural Inquiry of 1895 the following 
table has been compiled, assuming that one hectare — 
acres : — 


Bfzo of Holding. 

Occui)U'd by Owner. 

Occu]>led by 'I’enunt. 

Total. 

Whole. 

More than 
half. 

More than 
half. 

Whole. 


No 

No. 

No 

No. 

No. 

acres and under . 


8,750 

84,770 

805,418 

4.58,120 

IJ „ „ 5 acres 


10,544 

58,829 

70,405 

170,238 

6 » 30 

]2,08l» 

13 87.S 

80,840 

25,000 

81,808 

10 „ „ 50 „ 

10,000 

18,00t) 

88,443 

28,887 

07,420 

fiOorlOOacies 

52,0^1 

1,407 

8,315 

4,517 

11,850 

Over 100 „ 

003 

470 j 

1,417 

2,805 

5,185 

Total 

168,267 

68,052 

102,128 1 

436,188 

829,625 


It will be seen from this table that Belgium is pre- 
eminently a country of small holdings, more than half of 
the total number being under 50 acres in extent. Of 
course it is largely a country of market gardens ; but as 
the holdings are most numerous in Brabant, East and 
West Flanders, and Ilainault, the ]irovinces showing the 
largest number of milch cows, it would seem that dairying 
and la pettfe ailttire go together. 

In Germany, the number of small holdings is propor- 
tionately much larger than in Great Britain. The re- 
turns collected in 1895 showed tliat there were 3,235,169, 
or 58*22 jicr cent, of the total number of holdings under 
5 acres in area ; and of those no fewer than 1 1 per cent, 
are held by servants as {lart of their wages. A tabls 
compiled for the Journal of the Board of Agrwidtu/rt 
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enables us to compare the other holdings with those of 
Great Britain : — 


1 

Germany. 

Great Britain. 

SIM or noiaingfi. | 

Number. 

Per cent. 

Number. 

Per cent. 

5 to 50 acres 

2,014,940 

86*8 

236,481 

68-6 

50 to 500 „ 

292,982 

12*6 

161,438 

40-1 

Over 600 „ 

13,809 

0*6 

5,219 

1*3 

1 

Total . 

2,321,781 

100 

402,188 

1 100 


Great Britain, it will be seen, has over 40 per cent, of 
large farms of between 50 and 500 acres as coinf >ared with 
Germany’s 12*6, while the latter has 86*8 of small hold- 
ings, compared with England’s 58*6. 

France also has a far larger proportion of small 
holdings than Great Britain ; its cultivated area of 

85.759.000 acres being divided into 5,618,000 st'parate 
holdings, of which the size averages a little over 15 acres 
as against 63 in Groat Britain. Of the whole number, 
4,190,795 are farmed by the owners, 934,3.38 ani in 
m6tayage, and 1,078,184 by tenants. The leading 
feature is the peasant jiroprietary. Half of the arable, 
more than half of the pasture, six-sevenths of the vineyards, 
and two-thirds of the garden lands are farmed by their 
owners. Comparison with Great Britain is difficult ; but 
it would appear that, whereas only 1 1 per cent, of British 

520.000 agricultural holdings are farmed by the owners, 
the proportion in France is 75 per cent. A further point 
to be noted is that the average agricultural tcnau(;y in 
France is just one-fourth of what it is in Great Britain, 
and the average owner-farmed estate only oiuvsixth. 

Those interested in the formation of small holdings in 
Great Britain will find much to interest them in the 
history of Danish legislation. British policy for many 
generations was to preserve demesne land, and there are 
many devices for insuring that a spendthrift life-owner 
shall not be able to scatter the family inheritance ; but as 
long ago as 1769 the Danish legislators set an exactly 
opposite example. They enacted that peasant land should 
not Ikj incorporated or worked with estate land ; it must 
always remain in the ownershi]) and occupation of jieasants. 
In this spirit all subsequent legislation was conceived, and 
the allotment law that came into force in October 1899 
bears some resemblance to the English Small Holdings 
Act of 1892. It provides that lalwurers able to satisfy 
certain conditions as to character may obtain from the state 
a loan equal to nine-tenths of the purchase-money of the 
land they wish to acquire. This land should be from 5 
to 7 acres in extent and of medium quality, but the limits 
are from 23 to 10 J acres in the case of better or iioorer 
land. The total value should not exceed 4000 kr. (£222). 
The interest payable on the loan received from the state 
is 3 per cent. The loan itself is reiwiyablc after the first 
five years by annual instalments of 4 per cent, until half 
is paid off ; the remainder by instalments of 3| per cent., 
including interest. Provision is, however, made for cases 
whore the borrower desired to pay off the loan in larger 
sums. Kegulations are laid down regarding the transfer 
of such pro|JortieB and also their testamentary disposition. 
Th(i Treasury was empowered to devote a sum of 2,000,000 
kroners (£1 1 1,000) to this purpose for five years ; after that 
the land is subject to revision. 

Even Ixjfore this law was passed Denmark was a 
country of small holdings, the peiisant farms amounting 
to 66 i>er cent, of the whole, and the number is bound to 
increase, since the incorporation of farms is illegal, while 
there is no obstacle to their division. Between 1835 and 
1885, the number of small holdings of less than one ton- 
dekakhorn increased from 24,800 to 92,856. What gives 
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point to these remarks is, that Denmark seems in the way 
to arrest its rural exodus, and was one of the first coun> 
tries to e8ca})e from the agricultural depression due to the 
extraordinary fall in grain prices. 

Authoiuties.— Walter of Henley’s Umhandry.-- The Eng- 
lish Village Community^ by Fredkiuo Sekhohm. — AnwUs of 
AgHeuUure^ by Arthur Young. — y’As Agricultural iMhourer^ by 
T. E. Kebbel. — Eeport nn the Employvvent of Women and Children 
in Agriculture^ 1867 (historical sketch by Messrs Tremenheerk 
and Tufnall). — A Study of Small Holdings^ by W. E. Hear. - 
The Lam and the Labourer ^ by C. W. Stubbs. — Agricultuial 
Holdings in England and Abroad,” by Major Cuaioie {Statistical 
Society* s Journal, vol. 1.) (p. a. G.) 

Alloys. — The derivation of this word is very clear. 
The old French alei, which was retained in the Norman as 
allai or alai^ comes from alleium or alaiuvi, the original 
being probably ad-Ugo (affigo), to bind tfigether. In the 
modern sense it would bo difficult to find a better de- 
scription of the nature of an alloy than that given by the 
metallurgist Biringuccio in 1540, who says that an alloy 
only signifies an intimate association of one metal with 
’another. 

From a modern jicint of view the (piestion immediately 
arises whether the associations of nielallic elements give 
results which are in any way different from the MotmU 
union of a metal with a non-metal. Though the mad non- 
whole tendency of modern work has been to 
break down tlio barrier between metals and non-metals, 
still in some ways alloys apj^r to present a siiecial case of 
union. Metallic vajiours are miscible with any other gas, 
but metals and non-metals do not seem to unite to 
form a liquid or solid solutiou. Nor, it should be re- 
membered, do all metals mix and form a solid mass which 
is uniform in comi^osition. It has been held that there is 
no non -metallic solvent for a metal which acts without 
recognizable chemical action, or one from wdiich the pure 
metal can be obtained by crystallization. Metallic com- 
pounds will, however, dissolve readily in metals, thus, 
cuprous oxide dissolves in metallic copper. Metalbc 
sulphides again will dissolve in metals, e.g,, silver sulphide 
in lead, and lead in sulphide of lead, and the suljihides will 
crystallize out from the metallic solvent. In this w*ay 
bismuth sulphide crystallizes from bismuth. The solu- 
bility of carbon in iron, and its spjmration as grajihite from 
the solvent, is a fact of great industrial importance. It is 
also considered that no isomorphous mixture of a metallic 
and a non-metallic substance is known. The molecular 
structure of a metal apjiears, therefore, to present some 
differences from that of a non-metal. Metals possess a 
characteristic iiroiierty of conducting electricity without an 
attendant transfer of matter. This is known as metallic 
conduction. It has licen showm that the diffusion of one 
metal into another can take jilace in solid metals at com- 
paratively low tenqieratures, that is, at temperatures which 
ai-e far IkjIow the melting -i^oints, either of the metals 
undergoing diffusion, or of the alloys which result from their 
union. In comparatively recent years a large amount ol 
attention has been devoted to the investigation of the 
properties and constitution of alloys. 

In ordinary cases the constituent metals of alloys are 
united by melting them together and stirring the molten 
mass. The action is, howT.ver, far from being 
a simple one, as the union is not merely due to ScST** 
the mechanical stirring, but to the fact that the 
metals dissolved in each other become s])read uniformly by 
true diffusion. In some cases, the constituent metals of an 
alloy which are miscible wdien fluid, separate if the fluid mass 
is allowed to rest, while in other cases jiartial separation 
occurs even after the bulk of the mass has become solid 
It sometimes happens that metals will unite at temjiera- 
tures which are far below those required to fuse them ; to 



326 


ALLOYS 


the union bo effected the term ceii^entation is applied. A 
very interesting observation was made in 1820 by Faraday 
land Stodart, who in the course of an investigation on the 
alloys of iron with other metals, note their failure to j)ro- 
duco certain alloys by cementation, but consider it “remark- 
able ” that platinum will unite with steel at a temperature 
at which the steel is still solid. This early recognition 
of the fact that alloys can be produced by cementation is 
very curious, and h1k)Ws that Faraday and Stodart had 
observed a creejiiiig molecular action to occur at a tem- 
perature below the fusing -point of cither platinum or 
carburized iron. So long tigo as 1878 W. Si)ring showed 
that under a ])re.ssuro varying from 13 to 47 tons per square 
inch, metallic filings will unite into solid masses which 
under [iressure liehave like fluids and truly flow through 
the apertures of the recejitacle in which they are com- 
pressed. This fact lends support to the view that cohesion 
is a form of chemical aflinity. lly compressing, in a finely 
divided state, 15 jiarts of bismuth, 8 ]mrts of lojid, 4 parts 
of tin, and 3 ])arts of cadmium, an alloy is produced which 
fuses at lOO'* C, HaJlock found that metals might bo 
united without pressure, if they were hoat(;d to the mclting- 
yioint of the alloy to be formed, that is, to a }>oiut which 
as a rule is much below the melting -]K)int of the least 
fusible constituent. 

It has long h«'on known that biuss may ho furmod hy electro- 
do])osition from a solution containing coi»]K*r and zinc. In this 
connexion J. 15 Seudorens has made a vory inlorosting scries of 
experiments on the precipitation of oiin metal from solution hy 
another metal, lie jioints out that Rich ter in liis rosearehos, 
published hotwoon the years 1796-99, was IjmI to the promulgation 
of the law which is now expressed as follows: “Metals are pre- 
cijiitated from their saline solution atom tor atom of tlie same 
valency.*’ Sendorens shows that this is not rigorously accurate, 
since the amount of the precipitating metal is aluays in excess. 
Thus, in the well known reaction employed in lefineries for the 
precipitation hy copjier of sdver trom sulphate solutions, m 
acconlance with the equation —Ag.S 04 + Cu = Ag-pCu»S() 4 , if the 
solution of sulphate of silver contains 4*5 giammes of the salt in a 
litre of water, a plate of copper immersed in it loi seven days will 
bo found to have lost 0*012 gramme more than theory demands. 
Sonderens shows that this fact is of singular interest in relation to 
the allotropy of iron, but his work i.s quoteil liere on aecouiit of its 
bearing on the formation of alloys in the “wet way,** Several 
chemists, among whom I’lanche and Rrugnatelli may bo specially 
mentioned, have thought that alhiys might be so jireparcd, wliilo 
Gay-Lussac at first favoured tbnt opinion, but abandoned it latei 
So long ago as 1867, in a remarkable paper on “The Reciprocal 
Precipitauoii of Metals,'* Odhng showed tliat a pieee of copper 
coated with cadniiiiin, and a coil of cojijmt and cadmium foils 
rolled up together, behave veiy dillcrently when treated with 
iiydrocliloric acid, the metallic dojiosit of cailmium partaking of 
the character of an alloy Such pieeipitatiou of one. nietiil on 
another he attributes to the aflinity of one metal for tlio other. He 
in fact formed alloys in the “wet way ” More recently Mylius 
and Fromm have sliovim that alloys may bo precipitated from dilute 
solutions by zine, cadmium, tin, lead, and copper Thus a strip of 
zinc lounged in a solution of sulphate of silver containing 
not more than 0*03 gramme of silver in the litre, becomes 
covered with a Hocciilciif precipitate wlneh is a true alloy of silver 
and zinc, and in the same way, when copper is jirecijutated from 
its sulphate hy /me, the alloy fonued is brass. They have also 
formed certain alloys of doniiito composition such as AnCd.i, 
CiiyCd, and, more interesting still, CujSn. If volatile metals in 
the form of va]»our are brought in contact with non-volatile metals 
union will in many eases ensue. It has been shown that alloys of 
platinum and nalladium with cadmium, zinc, and magnesium may 
bo so produced. 

In the classical monograph on alloys published by 
Matthiesson iu 1800 (Phi/. Trans. Ji. it was clearly 
AttftyM MM stilted that alloys must be considered to be solidi- 
•oJta fied solutions. FpwgeneraHzations have been more 
moluHouM. fruitful in results, tand much modem work has 
been devoted to the development of the view. The con- 
stitution of solutions has been very closely studied in 
recent years, and from the point of view of their freezing- 
points F. Guthrie has shown that solutions of metab in 


each other behave like ordinary aqueous solutions of salts. 
His actual results for solutions of common salt in water 
are given in Fig. 1. _ 

If, for instance, a 
thermometer h 
placed in a 10 per | 
cent, solution of -- 




salt in water which g 
is being slowly 
cooled by means J ' 
of an external ^ 
freezing mixture, 



Fig. 1. 


the mercury will halt in its fall at about 8® C., owing 
to the sejiaration of pure salt-free ice. This gives the 
point d on the branch AB. The mercury then continues 
to fall until the temperature of 22® C. is reached, and 
the cryo-hydrate or eutectic of ice and salt solidifies. This 
eutectic, as has been abundantly shown, consists merely of 
a very intimate mixture of ice and salt in juxtaposition. As 
the degree of concentration of salt in the original solution in- 
creases, the initial freezing-point on the branch AB will be- 
come lower and lower, while the second freezing jioint always 
remains constant at - 22“ C. ; and when the solution con- 
tains 23*5 per cent, of salt, both freezing-points coincide in 
the point B at - 22“ C. The salt branch of the diagram is 
a very steep one, because the melting-point of pure salt is 
above 700" 0. Take on this branch a point e representing 


water containing more salt than 23*5 per cent., say 25 per 
cent. In this case the first solid to separate on cooling is 
jmre salt, and it does so at — 1 2“ 0, which, for this degree of 
concentration is the first halting stage of the thermometer ; 
the second is, as before, the solidification of the eutectic of 
salt and ice, which always has the same composition, and 
freezes at the same temperature, namely 22“ C. The 
diagram therefore has two l^ranches joining at B a 
horizontal line. This cAirvc has been described at some 
length, because curves representing the frcjezing-points of 
any series of alloys 'may be derived in the same way. 
(Jnthrie considcri'd that alloys in cooling behave like a 
cooling mass of clear molten granite. I'his would throw 
oflTin cooling “atomically definite” bodies, leaving behind 
a fluid mass not definite in com]iosition, since the quartz 
and felsjiar undergo solidification before the mica. In 
alloys much the same thing happens, for when a molten 
mass of lead and bismuth, or bismuth and tin, cools, a 
certain alloy of the metal falls out, just as the ipiartz and 
felspar did, and ultimately the most fusible alloy of the 
series is left. This is called by Guthrie the eutectic alloy, 
but the proportions between the constituent metals are not 
atomic, and Guthrie pointed out that “the preconceived 
notion that the alloy of minimum temperature of fusion 
must have its constituents in simple atomic proportions, 
and that it must be a chemical compound, seems to have 
misled previous investigators ” ; but he adds “ that certain 
metals may and do unite with one another in the small 
multiple of their combining weights, may be conceded; 
the constitution of eutectic alloys is not in the ratio of any 
simple multi])lo of their chemical equivalents, but their 
comix)sition is not on that account less fixed, nor are their 
properties the less definite.” The constitution of eutectic 
alloys as revealed by the microscope will be dealt with in 
the article on Mktallography. 

Mcndel^eff regards solutions as strictly definite atomic 
chemical combinations at temperatures higher than their 
dissociation temjieratures. Definite chemical suKstances 
may be either formed or decomposed at tem|)eraturo8 which 
are higher than those at which dissociation begins; the 
same phenomenon occurs in solutions. In order to show 
how close the relation is between freezing solutions of salt 
in water and in an alloy, no simpler case could well be taken 
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than the lead-tin series given in Fig. 2. It represents, more- 
over, a series in which the freezing-points are well within 

range of the ordinary mer- 
curial thermometer, and of 
which the complete freez- 
ing-point curve is exactly 
of the same order as that 
which represents the freez- 
ing of a solution of salt, as 
Koberts-Austen has shown. 
For alloys of which the 
melting-points are beyond 
the range of the ordinary mercurial thermometer, some 
form of pyrometer must bo employed. Heycock ami 
Neville, in a very elaborate and prolonged series of 
investigations on the freezing-point curves of alloys, 
have used the platinum resistance pyrometer, and they 
determine the points at which alloys solidify or metallic 
constituents fall out of solution by noting the jioints 
at which the electrical resistance (as measured by a 
Wheatstone Bridge) remains constant. Roberts -Austen, 
on the other hand, has devised a recording pyrometer for 
use with a thermo-junction. This instrument traces auto- 
graphically on a sensitized plate the cooling curve of any 
definite alloy, the halting places corresj)onding to the 
arrests in the fall of the mercurial column in an ordinary 
thermometer being indicated by more or less horizontal 
portions. H. le ChatcHer has thrown much light on the 
question of the fusibility of alloys. He ixiints out that 
in considering them as solutions it is ncciessary to modify 
the view in which ordinary solutions are regarded. In 
ordinary chemical language, it is usual to distinguish the 
solvent from the body which is dissolved, but really the 
two bodies play the .same part. Many aqueous solutions, 
as he shows, can exist below the freezing-jKiint of water : 
that of chloride of calcium, for instance, which is Inpiid 
down to - 55® C. He demonstrates that the ty])ical curves 
which represent the fusibility of alloys have in each case 
corresponding curves in saline solutions, and in confirma- 
tion quotes experiments by Loewel and Bakhuis-Roozebooni, 
together with his own results, especially referring to the 
freezing-point curves of isoniorphous mixtures of certain 
organic substances first recorded by Kustc'r. The result of 
Le Chatelier’s very interesting w^ork is the division of the 
freezing-point curves of alloys into tlie following classes : - 
In the first the metals dissolving each other give neither 
definite compounds nor isomorphous mixtures. The curves 
of this class consist of two branches as is shown by the 
lead-tin curve in Fig. 2, in which composition and tem- 
perature are co-ordinates, and it would appear that when 
a curve is composed of tAvo branches only it is safe to 
conclude that after solidification the two isolated metals 
are simply in juxtaposition. 

In the second case, the two ^ 
metals give rise to one or 5 
more definite compounds, t 
Here, as in the case of a 5 
solution of sulphate of soda I 
in water, one branch of the ^ 
curve is peculiar and char- 
acteristic. If the compound 
which is formed between the 
two metals fuses without dissociation, there will be a maxi- 
mum point in the curve which corresponds to the definite 
compound, and the curve will l)e of the form shoAvn by 
Boberts-Austen’s gold-aluminium curve in Fig. 3, H. le 
Chatelier has found similar curves for the copper -tin 
alloys. In the case of the aluminium -gold series the 
maximum point occurs, as Fig. 3 shows, at the alloy 
AuAl^ the freezing-point of which is higher than that 
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oi pure gold itself. If the com{K)und formed in the alloy 
is dissociated, the portion of the curve which marks its 
presence will be rounded. 

With regard to the gold- u 
aluminium series, Heycock 5 
and Neville have shown that { 
it presents a very comidi- f 
Gated case, as not merely £ 
one compound (AuAlg), but F 
several conqiounds of gold 
and aluminium are formed. 

In the third coho, the two 
metals which are dissolved in each other fonn isomorphous 
mixtures. In this group the freezing-points of the alloys 
of the series lie on a straight line. Fig. 4, as do the silver- 
gold alloys examined by Schertel. This question is very 
inqiortaiit, and Gautier has given several instances of such 
isomorjihous alloys, among which that of antimony and 
bismuth may be cited. 

M(‘tals do not ai»pear to haA’^o l»eeii studied from the 
point of view of surfusion until IKSO, Avlien A. 1). van 
Rieiusdijk showed that gold and silver 
both pass lielow their actual freezing jioiiits 
without V)ecoming solid. Roberts- Austen pointed out that 
surfusion might l)e easily measured in metals and in alloys 
by the sensitive method of recording pyronietry to 
Avhich reference has already been made. He also showed 
that the crossing of curves of solubility which harl already 
l>een observed by H. le Chatelier and by Dahiiis in the 
case of salts could also be measured in the lead-tin alloys 
(Fig. 2). The investigation of the mutual relations of 
juirtially miscible liquids clue to Alexejew, Konovalow, 
and to Duclaiix was extended to alloys by Alder Wright. 
The addition of a third metal aaiH sometimes rendei the 
mixture of two other metals homogeneous. He} cock and 
Neville ])vovod that when one metal is alloyed with a small 
quantity of some other metal the solidification obeys the 
laAV of Raoult. They also showed that the molecule of a 
metal when in dilute solution often consists of one atom. 
There are, however, numerous exceptions to this rule. In 
the case of aluminium dissolved in tin and mercury or 
bismuth in lead, it is at least i>robable that the molecules 
ill solution are Al^,, Hgg, and Bio re8|>ectively, while tin 
in load apj-jcars to form a molecule of tlie tyjje Sn^. 

Matthiessen in the paper already referred to showed that 
the electrical conductivity of all alloys may be represented 
graphic'ally by three types of curves. Gold and Blectrtcml 
silver alloyed afford an instance of the first of conduce 
these tyjies, there lieing a rapid dc*erease in the 
conductivity (or increase in the resistance) when either 
silver is added to gold or gold to silver. The tin- 
coj»per alloys are, as regards electrical conductivity, tyj^es 
of the L-shaped curve. There is a rapid diminution of 
conductivity when tin is added to cop]jer, and at a certain 
jKiint there is an abrupt bend, and the curve proceeds 
more or less horizontally. More recent work has, however, 
shown that there arc certain breaks Avhere the definite 
compounds SiiGuj, and SnCu^ occur. The conductiArities 
of tin and lead are both low, and the lead-tin series is 
represented by a straight line connocting the two metals. 
The conductivity curve of these alloyed metals represents 
the third type. For the details reference must be made 
to Matthiessen ^8 memoir. At low temjieratiires, Dewar 
and Fleming have shown that the conductivity of pure 
metals increases greatly os the temperature is diminished. 
Gold, in the purification of which elaborate precautions 
were taken, appears to present a very good instance. On 
the other hand, the conductivity of alloys does not increase 
with diminution of temperature in the same manner, and 
a marked contrast between the behaviour of metals and 
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alloys is thus presented. Rayleigh has pointed out that 
this difference may arise from the heterogeneity of alloys. 
Wlien a current is i>asscd through an alloy, a series of 
Peltier affects, proportional to the current, are set up 
between the particles of the different metals, and these 
create an opposing electromotive force which is indis> 
tinguishablo cx|>eriinen tally from a resistance. If the 
alloy were a true clieinical compound the counteracting 
electromotive force should not occur, and ex|ierimonts in 
this direction are much needed. }lol)orts-Au8ten has 
shown that in the case of molten alloys the conduction of 
electricity is apparently metallic, no transfer of matter 
attending the j)assage of the current. A group of bodies 
may, however, be yet discovered between alloys and 
electrolytes in which evidence may be found of some 
gradual change from wholly metallic to electrolytic con- 
duction. Laurie has determined the cloetromotive force of 
a series of cop])cr-zinc, coi)por-tm, and gold-tin alloys, and 
as the result of his experiments he points to the existence of 
definite compounds. Explosive alloys have been formed 
by Doville and Debray in the case of rh(jdium, iridium, 
and ruthenium, which evolve heat when they are dissolved 
in zinc. When the solution of tlie rhodium-zinc alloy is 
treated with hydrochloric acid, a residue is left which under- 
goes a change with explosive violence if it be heated in 
varuo to 400^ The alloy is then insoluble in “aqua 
regia.” The metals have therefore passed into an insoluble 
form by a comparatively slight elevation of temperature. 

The feature of the period from 1875 to 1901 has been 
the increased attention which has been devottid to the ap- 
iBiluMtHat pl^a-tioiis of the rarer metals. Thus nickel, 
mpplica- which was formerly used in the manufacture 
HottM. of “ Ciennan silver ” as a substitute for silver, is 
now widely emidoyed in naval construction, and in the 
manufacture of steel armour-plate, projectiles, and, when 
alloyed with copf»(3r, the env(jlo])e8 of bullets. Manganese 
not only forma with iron several alloys of great interest, 
but alloyed with copjier is used for electrical purposes. 
Chromium also, in comi)aratively small quantities, is taking 
its place as a constituent of steel axles and tyres, and in 
the manufacture of tool-.steel. Yanadium, moIyb<lenum, 
and titanium may be exj^wjted soon to jday an iinjiortant 
part in the constitution of steel. Titanium is alloyed in 
small quantities with aluminium for use in naval archi- 
tecture. The importance is now widely recognized of con 
sidering the mechanical ])ro])crties of alloys in connexion 
with the freezing-point curves to which reference lias Jilready 
been made, but the subject is a very complicated one, and 
all that need lie said hero is that when considered in 
relation to their melting-points the pure metals are con- 
sistently weaker than alloys. The presence in an alloy of a 
eutectic which solidities at a much lowtir temperature than 
the main mass, imi»lies a great reduction in tenainty, 
especially if it is to be uaeil alsive the ordinary tcmperatui’e 
as in the caso of pi]»es conveying sniM^r-heated steam. It 
may also be stated that alloys of metals wdth similar melting 
points have higher tenacity when the atomic volumes of 
the constituent metals difier than when tliey are nearly 
tlie same. 

For further infonmition tlie reader may refer to:- Roberts- 
AUhTKN. Reports i. to vi to the Al/nys Jleseareh Coimuittec of the 
InetUnlion of Mechnu ten I Knqinepr^^ London, 1891 to 1899 ; JiUro- 
daction to Stwiy of Metoihirrpj, London, 1898 (see seetion devoted 
to Alloys for references to loreign ])aper8). — Cantor Lcctvres mi 
Alloifu delivered at the Am'iety of Arts^ 1884-191)1. — Heycock and 
NKVii.liB. Various jiafiers Trnnsacltom of the Itoyal Society and 
Journal of the Chemical Sovtcty, 1890 to the present time. — 
Osmond, Lr CHATEiiiRR, ('ha hey, and Others. Bull, soc, de 
V encourage merit pour Vindustrn' nationnle^ Paris (various papers 
1880 to present year, especially last ten years).— Roberts- A usrEN 
and Si'ANSFiELD. “La constitution des alliages mctalliques," 
Jte})ort of the Physical Congress^ l^aris, 1900, vol. i. Gauthier 


Yillars, Paris. -—W. Spring. Bull, de taoad, toy, deSeigique^ 1878 
to reoent yean.— R. H. Thurston. Materiais of mgHMering, 
Wiley, New York. (w. 0. E.-A.) 

Allporti Sir ilanriM Joseph (181M892), 

English railway manager, born 27th February 1811, was a 
son of William Allport, of Birmingham, and was associated 
with railways from an early period of his life. In 1843 he 
became general manager of the Birmingham and Derby Rail- 
way, and in the following year succeeded to the same position 
on the Newcastle and Darlington line. Six years later he 
assumed the charge of the Manchester, Sheffield, and 
Lincolnshire (now the Great Central) Railway, and finally, 
in 1853, was appointed to the general managership of the 
Midland Railway — an office which he held continuously, 
with the exception of a few years between 1857 and 1860, 
until his retirement in 1 880, when he becama a director. 
During these twenty-seven years the Midland grew to be 
one of the most im]:)ortant railway systems in England, 
liartly by the absorption of smaller lines and partly by 
the construction of two main extensions — on the south 
to London and on the north to Carlisle — whereby it 
obtained an independent through-route between the metro- 
polis and the north. In the railway world Sir James 
Allport was known as a keen tactician and a vigorous 
lighter, and lie should be remembered as the pioneer 
of cheap and comfortable railway travelling. He was 
the first to ai>preciate the importance of the third-class 
passenger as a source of revenue, and accordingly, in 
1872, he inauguratfid the policy — subsequently adopted 
more or less completely by all the railways of Great 
B:itain — of carrying third-class passengers in well-fitted 
carriages at the uniform rate of one penny a mile on all 
trains, even the fastest. The diminution in the receipts 
from second-class {lassengers, which was one of the results, 
was regarded by some authorities as a sign of the unwisdom 
of his action, but to him it appeared a sufficient reason 
for the abolition of second-class carriages, which therefore 
disa 2 )peared from the Midland system in 1875, the first- 
class fares being at the same time substantially reduced. 
This innovation too has been followed by other com- 
jiaiiics, though not with the same unanimity as attended 
his earlier reform. Ho was also the first to introduce the 
l\illman car on British railways. Allport receivtjd the 
honour of knighthood in 1884. He died in London on 
25th April 1892. (h. m. r.) 

AlmatClay a town of Portugal, district Lisbon, on 
the left bank of the Tagus, immediatijly o^iposite Lisbon, 
with manufactories of cork. It was founded by English 
crusaders in the reign of Affonso Henriques. Population 
about 7000. 

AlmadOlli or Almaden del Azooue, a town of 
Bi)ain, in the jirovince of Ciudad Real, in the Sierra Moreno. 
In the latter part of the 19th century the Alinaden quick- 
silver mines were least'd by the state to the house of Roth- 
schild, whose contract oxijired in 1900, but who still sell the 
(piicksilver for the Spanish Government. The town has a 
good hospital, schools, and otlier buildings. Caro is taken to 
minimize the effects of the fumes on the operatives, whose 
health is very rapidly and seriously impaired. Hence the 
custom formerly was to use convicts for the labour in the 
quicksilver mines. Owing to the deleterious effects of the 
atmosi)herc, exemption from military service is granted to 
men who have been two years employed in the quicksilver 
mines. The average output of mercury is 10 per cent, on 
the ore extracted, and, according to official returns, 75 per 
cent, of the value of the outimt is clear profit. In 1 898 there 
were 1906 men a"nd 417 lads employed in the mmes. The 
amount of ore extracted was 19,945 tons, from which 1596 
tons of quicksilver were drawn, being 46,211 flasks weigh* 
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ing 55,000 lb. In iliB Arrayanes solphurouB and lead mines 
930 men, 18 women and 35 lads were employed, and 18,962 
tons of ore were extracted in 1898* The Almeden conces- 
sion covers over 490,872 acres; the Arrayanes only 1397 
acres. Population, 7388. 

Alma-Tadema, Sir Laurence (or 

Laurens), British artist, was bom on the 8th of 
January 1836, at Dronryp, a Friesian village near Leeu- 
warden, the son of Pieter Tadema, a notary, who died 
when he was four years old. Alma was the name of 
his godfather. His mother (d. 1863) was his father^s 
second wife, and was left with a large family. It was 
designed that he should follow his father’s profession; 
but he had so great a leaning towards art that, after 
a long struggle between duty and inclination, during 
which his health broke down, he was sent to Antwerp, 
where in 1852 he entered the academy under Gustav 
Wappers, the leader of that romantic movement in Belgian 
art which was fast obliterating the old classical school 
of David. Thence ho passed to the atelier of Henri (soon 
afterwards to become Baron) Leys. In 1859 he assisted 
Leys in his frescoes in the hall of the H6tel de Ville at 
Antwerp. In the exhibition of his collected works at the 
Grosvenor Gallery in London in the winter of 1882-83 
were two pictures which may be said to mark the begin- 
ning and end of his first iKjriod. These were a portrait of 
himself, dated 1852, and “A Bargain,” jiainted in 1860. 
His first groat success was a picture of ‘‘ The Education of 
the Children of Clovis” (1861), which was exhibited at 
Antwerp. In the following year ho received his first gold 
medal at Amsterdam. The Education of the Children of 
Clovis” (three young children of Clovis and Clotilde prac- 
tising tho art of hurling the axe in the presence of their 
widowed mother, who is training them to aveng(5 the murder 
of their own parent) was one of a series of Merovingian 
pictures, of which the finest was the “Fredegonda ” of 1878 
(exhibited in 1880), where the dejected wife or mistress is 
watching from behind hhr curtain window the marriage of 
Chilperic I. with Galeswintha. It is perhaps in this series 
that we find the painter moved by the deepest feeling and 
the strongest spirit of romance. One of the most passionate 
of all is “Fredegonda at the Death-bed of Prsetextatus,” 
in which the bishop, who has l)eon stabbed by order of the 
queen, is cursing her from his dying bed. Another distinct 
series attempts to reproduce the life of ancient Egypt, 
One of the first of these was called “Egyptians 3000 
Years Ago,” and was painted in 1863. A profound 
depth of {lathos is sounded in “ The Death of the First- 
born,” painted in 1873. Among his other notable 
Egyptian pictures are “An Egyptian at his Doorway” 
(1865), “Tho Mummy” (1867) (depicting the family of 
tho defunct bringing offerings to a mummy which stands 
on end at the right of the spectator), “ Tho Chamberlain 
of Sesostris” (1869), “A Widow” (1873), and “Joseph, 
Overseer of Pharaoh’s Granaries ”(1874). On those scenes 
from Frankish and Egyptian life Alma-Tadema spent great 
energy and research; but his strongest art-impulse was 
towards the presentation of the life of ancient Groece and 
Home, especially the latter. Amongst the best known of 
his earlier pictures of serenes from classical times are 
“Tarquinius Superbus” (1867), “Phidias and the Elgin 
Marbles” (1868), and “The Pyrrhic Dance” and “The 
Wine Shop” (1869). “The Pyrrhic Dance,” though ono 
of the simplest of his compositions, stands out distinctly 
from them all by reason of its striking movement. 
“Phidias and the Elgin Marbles” is the first of those 
glimpses of the art-life of classical times, of which 
“Hadrian in England,” “The Sculpture Gfidlery,” and 
“The Picture Gallery” are later examples. “The Wine 
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Shop” is one of his many pictures of historical gmre^ but 
marked with a more robust humour than usual. In 1863 
Alma-Tadema married a French lady, with whom he lived 
at Brussels till 1869, when she died, leaving him a widower 
with two daughters, both of whom have since made repu- 
tations — one in art, the other in literature. In 1869 ho 
sent from Brussels to the Royal Academy two pictures 
“Un amateur Romain” and “Une danse Pyrrhique,” 
which were followed by three pictures, including “ITn 
Jongleur,” in 1870, when he came to London. By this 
time, besides the distinctions ho gained in Holland and 
Belgium, ho had been awarded medals at the Paris 
Salon of 1864 and the Exix)8ition Universelle of 1867. 
In 1871 he married an English lady. Miss Jjaura 
Epps, who, under her married name, has also won a 
high reputation an artist. After his arrival in England 
Alma-Tadoma’s career was one of continued success. 
Amongst tho most important of his pictures during 
this i)eriod arc — “ Tlie Vintage Festival ” (1870), 
“The Picture Gallery” and “The Sculpture Gallery” 
(1875), “An Audience at Agripi)a’s” (1876), “Tho 
Seasons” (1877), “Sappho” (1881), “Tho Way to tho 
Temple” (1883), his diploma work, “ Hadrian in Britain” 
(1884), “The Apodyterium” (1886), “The Women of 
Amphissa” (1877), “The Roses of Heliogabalus ” (1888), 
“An Earthly Paradise” (1891), and “Spring” (1895). 
Most of his other pictures have been small canvases of 
exquisite finish, like tho “ Gold-fish ” of 1 900. Those, as 
well as all his works, are remarkable for the painting of 
fiowers, textures, and hard reflecting substances, like metals, 
pottery, and especially marble. He paints with much of 
the fine execution and brilliant colour of tho old Dutch 
masters. By the human interest with which he imbues 
all his scenes from ancient life he brings them within 
tho scope of modern feeling, and charms us with gentle 
sentiment and playful humour. He has also painted 
some fine portraits, including those of Mr Arthur Bal- 
four, Mr Henschel, Herr Richter the musician, and Dr. 
Joachim. He was knighted on the occasion of Queen 
Victoria’s eighty-first birthday, 1899. He was made an 
associate of the Royal Academy in 1876, and a Roy^ 
Academician in 1879. He is a knight of the order Pb^ir 
le M^ritc of Germany (Arts and Science Division) ; of L^o* 
pold, Belgium; of tho Dutch Lion; of St Michael of 
Bavaria; of the Golden Lion of Nassau; and of the Crown of 
Prussia. He is an officer of the Legion of Honour, France, 
llo is a member of tho Royal Academies of Munich, 
Berlin, Madrid, and Vienna. Ho received a gold medal 
at Berlin in 1872, and a grand medal at Berlin in 1874 ; 
a first-class medal at the Paris International Exhibition of 
1878, and medals of honour at the Paris Exhibitions of 
1889 and 1900. He is a member of the Royal Society of 
Water-colours. Ho received letters of denization from the 
Crown in 1873. 

See also Gkoro Ewers. “ Lorenz Alma-Tadema, ” W esleimanrCa 
Monatahefte^ November and December 1885, since republished in 
volume form. -“Helen Zimmern. “L. Alma-Tadema, bis Life 
and Work,*’ Art Annual, 1886. — C. Monkhottse. Jjritish Con- 
temporary Artutta, London, 1899. (c. Mo.) 

Al monel rCtleJOf a town of Simn, province of 
Badajoz, 27 miles E.S.E. of Badajoz. Population, 
11,766. It has doubled in importance since 1880, owing 
to the fertility of its neighbourhood, the cereals, fruit, 
and wine produced in which are easily exported by the 
Merida-Sevilla railway. There are thirty-six factories for 
the production of brandy. The town is well built, with 
broad streets, a good theatre, a bull-ring, and many private 
mansions. 

AlmorlOy a maritime province in the S. of Spain, 
with an area of 3300 square miles. The Liiiares-Almeria 
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railway was completed in 1898, also a line connecting the 
three provinces of Alineria, Granada, and Jaon, and the 
three with Madrid. Anotlier line from Baeza to Linares 
is near completion. The local industries have developed 
with the growth of the means of communication in the 
last decade. Manufactures of textiles, chocolate, matches, 
bricks and chalk, oil and flour mills, foundries, have 
attained importance. Agricultural interests have received 
a groat impulse in the valleys nearest the sea and on the 
banks of the Alrnanzora, Antas, and Aguas. Viticulture has 
been much develoi>od, chiefly with a view to meet the in- 
creasing fonngri demand for the fruit ; a great numlier of 
new plantations have been made to reidace the indigenous 
vines, hisparto grass, oil, cereals, barley, have also been 
exported in greater proportion than a few years ago. 
Mining interests have been given a considerable impulse 
by foreign and native ca])ital. The jirovince contained, in 
18UH, 210 working mines, covering 4710 acres. Of these 
14 were zinc mines, 66 iron, 102 hiad, and 21 argen- 
tiferous lead. The number of hands employed in 1898 
was 6449 ; a few hundred were engaged in 3 lead and 6 
argentiferous lead works. Tlie Su^rra Alhamilla railway 
brought down 50,086 tons of iron ore in 1898. A short 
railway is lieing constructed between Calahorsa and Alguip 
to work 10 million tons of fine ore at Alguip. The live 
stock consisted, according to tlie latest oflicial statistics, 
of 1163 horses, 11,983 mules, 16,221 donkeys, 3299 oxen 
and cows, 128,078 sheeji, 30,513 goats, and 15,041 pigs. 
50,350 acres were devoted to the culture of wheat, 105,000 
acres to other cereals, 6500 acres to vineyards, 5000 acres 
to olive jdantations, and 44,500 acres to pod fruit. The 
population in 1897 was 344,681, or only 78 to the s<|uare 
mile. Education is still in a backward condition, though 
some improvement lias taken place in the last twenty 
years. With a higher rate of births than deaths the 
|)opulation has yet not increased, because of the steady 
flow of emigration, whicli carries away to French Algeria 
annually from 2000 to 3000 Almeriaiis. 

Alnfl0rlft| a port of Spain in the above jirovince. 
Population, 46,806. It has greatly gi-owii in im]>ortaiice, 
and in 1898, 1130 vessels, with a total tonnage of 638,551, 
entered, exactly the same immlx;r oi vessels and tonnage 
clearing. In 1897, 178 British vessels of 173,133 tons 
entered and cleared; in 1898, 191 British vessels (only 13 
with British cargos) of 183,125 tons. Imjwts in 1898 
were chiefly coal, 14,430 tons; patent fuel, 4331 tons; 
timber, cod, steel, and railway bars. In the export trade 
143 British vessels cleared for Great Britain and licr 
colonies with 129,973 tons. Exports were 135,000 tons 
of iron ore, valued at £56,700 ; 658,530 barrels of grajies, 
£237,071 ; 17,300 tons of esjmrto, £69,200; and 24,000 
cases of almonds, oranges, melons, pomegranates. The 
western ]>ier, recently built, is 1 mile 77 yards in length, 
and has a doptli of 8 fathoms at the end. 

Almodovar dol Campo, a town of Spain, in 
the province of Ciudad Iveal, 18J miles S.S.W. of Ciudad 
Real. There are lace and linen factories. Population in 
1897, 12,110. It wjis formerly an Arab fortress, hence 
its name, meaning a sphere. 

Al moral a town and district of British India, in the 
Kumaun division of the North-West Provinces, situated 
on a mountain - ridge 5194 feet above the sea. Popu- 
lation (1881), 7390; (1891), 7826; municipal income 
(1897-98), Its. 10,1 35. It has a college, called after Sir 
Henry Bamsay ; a government high school, a Christian 
girls’ school, and 4 printing presses. 

The district of Almora was recently constituted, 
together with Naini Tal, by a redistribution of the two 
former districts of Kumaun and the Tarai. It lies among 


the mountains of Kumaun, between the upper waters of 
the Ganges and the Gogra, here called the Kali. Area, 
5416 square miles; population (1891), 411,501, the 
average density being 77 persons per square mile ; (1901), 
465,876, showing an increase of 13 per cent. The 
land revenue and rates are Ks. 2,65,946 ^ the incidence of 
assessment being H.O : 12 : 5 per acre ; the cultivated area 
in 1896-97 was 239,684 acres, of which 2602 were under 
tea; the uumlier of police was 58; there are 122 ver- 
nacular schools, with 4080 pupils ; the death-rate in 1897 
was 24 per thousand. The district includes the military 
sanatorium of Hanikhet. The nearest railway vtd Naini 
Tal is the extension of the Oudh and Kohilkhand line 
from near Bareilly to Kathgodam. 

Alnwicki a market-town, under an urban district 
council, and the county town of Northumberland, England, 
in the Berwick-ujion-Tweed parliamentary division of the 
county, on the Ain, 34 miles N, by W. of Newcastle by 
rail. By prescription, Alnwick is a borough, and its free- 
men form a body corporate. This body has no authority 
over the affairs of the town, but, by the Alnwick Corpora- 
tion Act, 1882, it is required to expend, out of corporate 
projHsrty, not less than £500 a year in payment of 
teachers’ salaries, &c. in connexion with the corporation 
schools. The peculiar ceremonies long observed in the 
initiation of freemen are now discontinued. Area, 4777 
acres; ]^>opulation (1881), 6693; (1891), 6746; (19011 
6716. Area of parish, 16,985 acres; population (1881), 
7440; (1891), 7428; (1901), 7385. 

AlorOi a town of Spain, in the province of Malaga, 
17 miles W.N.W. of Malaga, on a spur of mountains 
commanding a fertile plain whore maize, sugar-cane, and 
palms are grown. There are distilleries, Arab ruins of 
some importance and sulphurous springs, and the town is a 
favourite summer resort for wealthy families from Malaga. 
Population (1897), 10,308. 

AlOOt (Flemish Aelst)^ a town of Belgium, on the 
eastern frontier of the jirovince of East Flanders, on the 
river Dender, 17 miles S.E. of Ghent by rail. Jute yarns 
and tissues are manufactured. Population (communal) 
(1880), 20,679; (1890), 25,544; (1897), 28,771. 

AlponOi a city of Michigan, IT.S.A., the capital of 
Alpena county, situated on the eastern side of the lower 
}jeninBula, on Thunder Bay, an arm of Lake Huron, at an 
altitude of 607 feet. Its excellent harbour attracts much 
lake commerce. It is entered by the Detroit and Mackinaw 
lUilway. Its industries consist mainly in the manufacture 
of lumber, shingles, and laths. The population in 1880 
was 6153, in 1890 it was 11,283, and in 1900 it was 
11,802. 

Alpoo, BaOSOOf a department in the B.E. of 
France, traversed by the Alps of Provence, and watered by 
the Var, the Durance, and its affluents, the Buech, the 
Ubaye, the Bleonne, and the Yerdon. Area, 2699 square 
miles, distributed among 30 cantons and 250 communes. 
The poimlation fell from 129,494 in 1886 to 112,763 in 
1901. The inhabitants readily emigrate to America, more 
])articularly to Mexico. Births in 1899, 2441, of which 
63 were illegitimate ; deaths, 2537 ; marriages, 797. The 
chief towns are Digne (7751 inhabitants in 1896), Bar- 
celounette, Castellane, Forcalquier, Sisteron, and Man- 
osque. In 1896 there were 604 })rimary schools, with 
18,757 pupils. Nine jier cent, of the population was 
illiterate. The soil of the department is poor in the 
mountainous region, but more fertile in the valley of the 
Durance, especially in the neighbourhood of Manosque. 
The surface under cultivation comprised 841,380 acres in 
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1896, of which 345,800 acres were in cereals, 172,900 
acres in forest^ and the rest in grass. The value of the 
wheat crop in 1899 wim £432,810. Rye, barley, oats, as 
also fodder, give inferior returns, but olive and mulberry 
are cultivate with success, and the rearing of the silk- 
worm yields good results — 2283 cwts. of cocoons in 1899. 
There are few horses, but the Basses Alpcs is among the 
departments most abounding in mules. In 1899 the live 
stock numbered 13,570 he^ of mules and asses, 5920 
cattle, 318,350 sheep, 30,270 pigs, and 25,420 goats. 
The mining industry is not important, counting in 1899 
about 3000 tons of coal and 5000 tons of lignite, and the 
industry in metals comprisos only a few workshops. 
Altogether the department ranks among the least rich m 
France. 

AlpeSi Hautes, a department in the S.E. of 
France, traversed by the Alps of the Dauphine, attaining 
in the Oisans Mountains 12,000 to 13,000 ft. high, and 
watered by the Drac and the Durance. Area, 2178 square 
miles, distributed among 24 cantons and 187 communes. 
The population declined from 122,924 in 1886 to 106,857 
in 1901. Births (1899), 2519, of which 68 were illegiti- 
mate ; deaths, 2413 ; marriages, 703. The chief towns are 
Gap, Brian^on, and Embrun. In 1896 the primary schools 
numbered 600, with 24,708 pupils. Four jier cent, of the 
population was iUitcrato. The soil is extremely poor. 
Out of 795,340 acres under cultivation in 1896, only 
212,420 acres were utilized for cereals. In 1898 the wheat 
crop was of the value of £274,325, by the side of which 
may bo ranked only that* of the walnut, the ]>lum, and the 
mulberry. The production in silk husbandry in 1899 
amounted to only 363 cwts. of cocoons. There is no 
mining or metallurgic industry of any importance. 

Alpas Maritimes, a department of the S.E. 
of France, bordering on Italy, It is traversed by the 
Alps and watered by the Roya and the Var. The climate 
is mild on the coast, but cold in the interior. Area, 1444 
square miles, distributed among 26 cantons and 153 com- 
munes. Population, 238,057 in 1886, 265,155 in 1896, and 
320,822 in 1901. There is a strong current of Italian immi- 
gration. Births in 1899, 6438, of w-hich 658 were illegiti- 
mate; deaths, 6037 ; marriages, 1848, The chief towns are 
Nice (93,150 inhabitants in 1896), Grasse, Puget-Theniers, 
and Cannes. In 1 896 there were 480 ]>rimary schools, with 
24,000 pupils. Seven i>er cent, of the population were 
illiterate. The total surface under cultivation was 501,410 
acres, of which 156,845 acres were in corn-lands, and 
34,580 acres in vineyards. Cereals and fodder yield small 
returns — wheat (1899) only £212,720; but the produc- 
tion of wine was of the value of £135,000, wlnle the 
department takes the first rank for the culture of the 
olive, which amounted in 1899 to 893,000 cwts. Orange 
and citron, which are also grown, yielded 113,500 cwts. 
The live stock in 1899 counted altogether 146,050 head, 
a very low figure, and not compensab:d by the industrial 
development. There are some important distilleries, 

Alphabirti See Wkiting. 

Alphomo Xlla (1857-1885), king of Spain, the 
son of Isabella II. and Maria Fernando Francisco de 
Asis, eldest son of the duke of Cadiz, was born 28th 
November 1857. When Queen Isabella and her husband 
were forced to leave Spain by the revolution of 1868 ho 
accompanied them to F^ris, and from thence he was sent to 
the Theresianum at Vienna to continue his studies. On 
25th June 1870 he was recalled to Paris, where his mother 
abdicated in his favour, in the presence of a number of 
Spmsh nobles who h^ followed the fortunes of the 
exiled queen. Shortly afterwards he proceeded to Sand- 
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hurst to continue his military studies, and while there he 
issued, on Ist December 1874, in reply to a birthday 
greeting from his followers, a manifesto proclaiming 
himself the sole representative of the Spanish monarchy. 
At the end of the year, when Marshal Serrano left Madrid 
to take comtnand of the northern army, General Martinez 
Campos, who had long been working more or less openly 
for the king, carried ofif some battalions of the central 
army to Sagunto, rallied to his own flag the troops sent 
against him, and entered Valencia in the king’s name. 
Thereujion the president of the Council resigned, and the 
power was transferred to the king’s plenipotentiary and 
adviser, Canovas del Castillo. In the course of a few 
days the king arrived at Madrid, ])assing through Barce- 
lona and Valencia, and was received everywhere with 
acclamation. In the following year, 1876, a vigorous 
cam^iaign against the Carlists, in which the young king 
took part, resulted in the defeat of Don Carlos and his 
abandonment of the struggle. Plarly in 1878 Alphonso 
married his cousin, Princess Maria de las Mercedes, 
daughter of the duke do Montpensier, but she died within 
six months of her marriage. Towards the end pf the same 
year a young workman of Tarragona, Oliva Marcousi, fired 
at the king in Madrid. On 29th November 1879 he 
married a princess of Austria, Maria Christina, daughter of 
the Archduke Charles Ferdinand. During the lioneymoon 
a pastrycook named Otero fired at the young sovereigns as 
they weitj driving in Madrid. In 1881 the king refused 
to sanction the law by which the ministers were to remain 
in office for a fixed term of eighteen niontlis, and upon the 
I consequent resignation of Canovas del C^astillo he sum- 
moned Sagasta, the I^iberal leader, to form a Cabinet. 
Alphonso died of phthisis, 24th November 1885. Coming 
to the throne at such an early age, he bad served no 
apprenticeship in the art of ruling, but lie possessed great 
natural tact and a sound judgment ri^iened by the trials of 
exile. Benevolent and sympathetic in disposition, he won 
the affection of his people by fearle«.sly visiting the districts 
ravaged by cholera or devastated by earthquake in 1885. 
His capacity for dealing with men was considerable, and 
he never allowed himself to become the instrument of any 
particular party, in his short reign {>eace was established 
both at home and abroad, the finances wore well legulated, 
and the various administrative services were placed on a 
basis that afterwards enabled Spam to paas through the 
disastrous war with the United States without even the 
threat of a revolution, (o. f. b.) 

Alps* — The writer of the article “Alps” in the ninth 
edition of this work possessenl a more intimate knowledge 
of that chain than any of his contemporaries. Hence, so 
far as regards ordinary geography, nothing of importance 
in it calls for alteration. New surveys have occasionally 
somewhat altered the heights assigned to mountains, a 
few of which are noticed below, together with one or two 
minor corrections or additions ; but in one respect, the 
geology of the Alps and its relation to their structure, 
very great advances have been made during the last thirty 
years, and to a brief outline of those this supplementary 
article will be mainly devoted. Much, no doubt, has yet 
to be learnt; many questions are still far from being 
settled; but the labours of numerous investigators, Ger- 
man, Austrian, and Swiss, with some Italian and English, 
aided ©specially by the application of the microscope to 
the examination of rocks, have cleared iqi not a few diffi* 
culties, and laid a safe foundation for future work. 

Perl^ps the most important advance has been the 
knowledge gained in regard to the metamorphic rocks, 
viz., those in which subsequent changes have so affected 
the original structure that we infer rather than recognize 
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what it has been. Formerly most geologists supposed 
that all schists (using the word in its strict sense of 
^ foliated crystalline rocks), together with saccha- 
moiiiiOT. marbles and gneisses, resulted from the 

* alteration of sediments by the combined action 
of heat, pressure, and water ; some even going so far as 
to maintain that certain igneous rocks represented the 
extremest stage of this ]>ro('ess. In their opinion a mud, if 
of the right chemical ('oni])osition, might Ijecome in the 
first stage a schist, in the next a gneiss, in the last a 
granite. This kind of cliange, it was believed, had 
ocjcurred during every geologi<*al period, so that, in the 
one or the other of these, schists and gneisses were identified 
without hesitation. Hence Mr liall not infrecjuently 
mentions various Paheozoic schists. But, whatever may 
the case elsewhere, wo may venture to affirm that in the 
Alps all the roi'ks thus modified are much more ancient 
than any to whic;h a date can l)e assigned. Though in 
most districts we can only prove them ])re-(^arboniferous, 
in the noj’th-eastern region they ai*e pro-Silurian, and in 
all it is highly probable that they are older than the 
Paheozoic era, as usually understood. Every effort to 
strengthen the old hypothesis, and not in the Alps only, 
has signally failed. For instance, in 188iS two largo 
stems of a fossil jilant were assented to have Ijeen found 
in a gneiss at (juttaiinfui in (.^anton Jicrnci, thus proving 
it to be Carboniferous in age : in 1900 this supposed 
organism was admitted to be a mere lami^ ruifurm. In 
1888, also, garnets and stiiurolites were said to occur in 
a rock in which belemnitos and crinoids could still Iw 
recognized, thus establishing the Jurassic age of a great 
group of schists. In J890 it was demonstrated that this 
far-reaching hypothesis had no liettor foundation than an 
erroneous identification of thii two minerals, those actually 
present having no rcjal bearing on the question. 

Of the advances, mentioned above, none is more 
important than the rec.ognition of the? effects due to severe 
[irossuro. That it had produced cleavage in 
of ordinary sedimemts was hmg since generally 
sniuo cases it had generated 
nck 9 . minute scales of mu’u in vast numliers and 
converted a slate into a “ microscjopic ” schist 
was more than conjectured , but it is now ascertained that 
crushing <lue to the great earth movements which have 
formed mountain cJiaiiis has produced cleavages even in 
crystalline igneous rocks, aud Jed to the development of 
various minerals, esjiecially in connexion with the new 
surfaces, so that many gneisses and some mica schists 
are only granite modified by subseijnent pressure. Other 
gneisses, however, and certain cognate schists, esjjecially 
those with a cons])icuous mineral banding, are the result 
of fiiixional movements in the magma at the time of 
consolidation ; while a third grou|> of schists, and possibly 
some gneisses, may be ('Ajilained by the old hyjiothesis. j 
One difficulty doubtless still exists : in certain instances it 
is almost im])o.sMble to determine whether a very line ! 
grained schist represents a stage in the last-named jirocess or 
results from the j»ulverization of a crystalline rock. This 
uncertainty, however, does not vitiate the general state- 
ment that a grou]) of true schists can lie distinguished 
from one comj>osed of sediments in which changes only 
of microscopic magnitude have occurred, neither does it 
prove that the two may bo })resent in the same geological 
formation ; it only shows that in certain eases nature has so 
damaged her own jnscri])tion that it is no longer legible. 

Thus, the following fatits in regard to the nature and 
age of the Alpine rocks would now Ikj genenilly admitted 
by those who have studied them in the field as well as 
under the microscope. Those rocks (mainly sedimentary) 
which can be assigned to a definite geological age rest 


upon a fundamental crystalline mass of much greater 
antiquity. This appears to be separable into two groups, 
generally, though not always, rather sharply dis- 
tinguished. The lower one consists mainly of 
granitoid rocks and gneisses, the majority, if 
not the whole, being igneous rocks modified 
by subsequent pressure. Some are later in date than 
others; for instance, the protogine of the Mon# Blanc 
range, long supposed to be the oldest rock, is clearly 
intrusive in the adjacent gneisses. The upper group is 
mainly composed of mica schists, commonly calcareous, 
passing on the one hand into marbles, on the other to 
quartz schists ; being thus metamorphosed sediments. With 
these are associated, sometimes abundantly, horublendic 
and chloritic schists, in great part at least modified 
igneous rocks. Hocks of similar character occur also, 
though less frequently, in the other group ; and normal 
granites, gabbros, and serpentines in both, the age of 
which has not yet l^een certainly determined. 

These rocks, the foundation-stones of the Alps, are 
followed, but so far as is known only in the north-eastern 
region, by sedimentary deposits of Silurian and Devonian 
age. Representatives of the Carboniferous system are 
more widely distributed, though generally in isolated 
strips, folded in among the crystalline masses. These are 
commonly dark in colour, and vary from good slates to 
I coarse conglomerates or breccias, which often are full of 
I pieces of the older schists and gneisses. They occasionally 
contain plant remains or a little anthracite, but marine 
I fossils occur in the Gailthal and elsewhere in the Eastern 
Alps. 'I'ho Permian system also is generally represented 
sporadically, as a rule by grits and conglomerates, indi- 
cating that high ground existed in the neighbourhood ; 
but during this jieriod the region of the South-eastern 
Alps was the scene of volcanic activity, which produced 
the great masses of “ porphyry ” around Botzon and Pro- 
dazzo, which can bo traced westwards beyond the lower 
end of Ijago Maggiore. Outbreaks of this ago can be^ 
detected in other localities, as on the Windgell© and to the 
east of Vernayaz, on the right bank of the Rhone. In 
Houth-oastern Tyrol the volcanic discharges continued into 
the Triassic period, and were renewed, in the opinion of 
some geologists, at a much later date. In this district 
the Trias is rej>rosented by sedimentary strata, consisting 
largely of pure dolomitic limestones, some of which have 
been thought to bo coral roofs. Bo this as it may, the 
existing mountains can hardly represent ancient atolls, as 
some have supposed. At this period, also, the surface 
contours of the Alpine region must have been very irregular, 
for ill other parts, notably in the Pennine, Central, and 
Dauphin6 Alps, the Trias is either absent or is represented 
by friable limestones and even gyjisum, often not more 
than a few feet in thickness. 

In regard to the rest of the Mesozoic and the Kainozoic 
systems, little need be added to the account given in the 
ninth edition of this work, except in regard to a perplexing 
deposit called the Flysch. It is a thick mass of mudstones^ 
more or less gritty and generally unfossiliferous, which, it is 
now ascertained, represents identity of physical conditions 
rather than exact contemporaneity of deposit. In the 
northern part of the Eastern Alps it begins before the 
close of the Cretaceous period ; in the southern its greatest 
extent is from the top of the Middle Eocene to that of the 
Middle Oligoceue. In the Western Alps it ranges, in the 
Swiss portion, from the bottom of the Middle Eocene to 
the top of the Lower Oligocene, while in the south 
it does not begin till the Upper Eocene. It con- 
tains locally .bods of breccia and even largo isolated 
boulders, the volume of which is sometimes, as in the 
Habkernthal, several cubic yards, representing granites 
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not known to occur elsewhere in the Alps ; in other places, 
for example near Sepey, the erratics may not have come 
from any great distance. But it is difficult to account for 
their presence. Ice is the most obvious means of trans- 
port ; but the telnperature during Eocene and Oligocene 
ages appears to have boon much higher than it now is, 
being at a maximum in the former, while no evidence 
can be found of the existence of mountains on or near the 
present site of the Alps. Some authorities place the 
requisite range immediately to the north, supposing its 
roots to be buried beneath the Miocene detK)sits of the 
Swiss lowlands, but it would be strange if such an 
important mass had so quickly vanished and left “ not a 
rack behind.” 

A geological map of the whole Alps, on a scale large 
enough to indicate clearly the above-mentioned divisions, 
shows them to he arranged in zones which are 
symmetrical with the outline of the 
chain, the crystalline rocks occupying its central 
portion. But on examination irregularities apjiear which 
are far from unimportant. The southern sedimentary zone, 
for instance, gradually becomes attenuated as it is followed 
from its eastern end westwards, till it di8aj)j)ears rather 
beyond I^ago Maggiore, after which crystalline rocks 
rise directly from the Piedmontese plain. The structure 
of the chain, also, is the most simple in its eastern part, 
a central range of crystalline rock forming the watershed, 
with two masses of sedimentary rocks flanking it north 
and south, through which the rivers have cut their paths. 
But this structure, as we apjiroach the headwaters of 
the Inn, becomes more complex, as we shall explain in 
speaking of the hydrography, the change being jiroliably 
connected with a feature in the geology. The outcrops of 
the rocks, as we have said, conform to the general course 
of the chain at its eastern end, trending almost west, but 
then they gradually sweep round the north Italian jdain till 
at last they are almost parallel to their original direction. 
This structure, however, is modified by another of minor, 
but sometimes considerable imjiortance, which is most 
conspicuously exhibited in the district about l^ago di 
Carda. Here a broad belt of Mesozoic sedimentary rock, 
bounded on the south by a lino extending ap]>roximately 
from Brescia to Verona, runs across the chain in a 
N.N.E. direction ; flanked on the west by crystallines, 
and on the east, though less continuously, by the same 
and by great masses of Permian “porphyry.” This belt 
may be traced by outlying patches across the central range 
until near Innsbruck it apparently dies out against the 
northern sedimentary range. It is in this neigh liourhood, 
and the coincidence is significant, that the Aljis attain their 
greatest width from north to south. Here, in fact, the 
dominant wave-like folds, of which the Alpine chain is 
composed, are traversed obliquely by a syncline. To the 
west of this, passing approximately between C-hur and 
Mals, we find traces of a second syncline with the same 
general trend, but possibly subdivided by a central rise, 
while the structure of the crystalline rocks between the 
two main synclines hints at the existence of a corre- 
s{K)nding anticline. A similar structure is suggested in 
the Bernina group, and yet farther to the west (in maps 
on a larger scale) ; while from Mont Blanc for a con- 
siderable distance to the south the whole chain has a 
general trend, in the same direction, and that is repeated 
by the outl3rixig crystalline masses, the outcrops of which, 
as far as Dauphin^, run conspicuously from N.N.E. 
to S.S.W. How this structure is connected with the 
liking of the Alps will lie presently considered. But sinco 
ridge and furrow, swelling and dimple, are closely related 
on the earth’s surface, any complete discussion of the 
physical history of the Alpine chain must regard it 
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as inseparable from the Apennines on the one side and 
the mountains of Istria and Dalmatia on the other, and 
as rolatod in some way or other to the basin of the 
Adriatic and the plain of Northern Italy. But putting 
aside this more general question and restricting ourselves 
to the Alps projier, wo must bear in mind two facts in 
any attempt to explain their complications: — (1) This 
chain was not the product of a single set of movements, 
but of two at least, which were separated by a consider- 
able interval: the one occurring when the Eocene was 
passing into the Oligocene, the other in like way between 
the Miocene and Bliocene. (2) That the sedimentary 
masses thus affected were deposited on an irregular floor 
of more ancient, chiefly crystalline, rocks ; })arts at least 
of the present site of the Alps having been 'mountainous 
districts in C.^arl)oniferou8 and again in i’ermo-Triassic 
times. These irregularities in the thickness and strength 
of materials would cause corresponding inequalities in their 
resistance to pressure, and thus introduce numerous com- 
plications. Still, though allowance must be made for 
them, the general process in the rise of the Alps 
can bo inferred from the ex|»t*rimpiits of A. Favre, 
H. M. Cadell, and Jiayly Wilhs, and be described as 
follows : — Ijateral pressures have forincul a group of great 
folds in the earth’s crust: these sometimes ha\e been 
gradually bent over until their axial planes l»ecamo 
inclined to the horizon. The strain occasionally has 
continued till the masses have lif'eii ruptured along these 
planes, and the iqqicr portion of the fold has then slid on 
above the lower, thus producing an “overthrust fault.” 
During these processes the less jiliant crystalline masses 
are crushed and sheared, thus giving rise to structures 
analogous to cleavage, and often suggest iv(' of bedding. 
The remarkable folding in the Alpine rocks has long been 
known, but the recognition of these othtT structures is 
comparatively recent, and its absence seriously detracts 
from the value of not a few gi‘()logical maps and memoirs. 
One instance may suffice as an example :--The North 
Swiss Aljis lietween the valleys of the Heuss and the 
llhine, especially near the (Jlarnisch, exhibit a singularly 
coiniflicated structure, th(* strata apjiarently being bent 
over to form a double fold, with complete inversion on 
both sides. No doubt the arrangement of the strata 
suggests this structure ; but the mechanics of the j)rocess 
are so difficult to understand that Ilothpl(»tz with several 
other authorities explains it as a combination of overfold- 
ing followed by great overthrust faulting, and this seems 
to the present writer far more j»robable. 

Another iKirjdexing structure may be mentioned here 
which is found in certain nmuiitains on the northern face 
of the Alps, such as the Mythen and Stanzerliorn, and has 
of late attracted much attemtion. These, called Klijipen, 
are abnipt pyramidal masses, the lK^ds in the upper i)art 
l>eing not only older than those in the lower, but also 
“contorted, fractured, crushed, and mixed up,” while the 
newer are comjiaratively undisturbed. They are due to 
overfolding and overthrusting, l>eing remnants of larger 
masses, the greater jiart of which has been removed by 
denudation ; but that they have been forced into their 
present jiosition from so great a distance as the Briangoii- 
nais, as some have suggested, is hardly possible. 

It is now genemlly admitted that the valleys in moun- 
tain regions are mainly the results of denudation, though 
the mo^'cmonts and structures of the uprising 
land masses must have done much, e.s]>ecially at 
first, to determine the directions in which the 
water ran. Thus the Alpine valleys may be divided 
broadly into valleys of dip and valleys of strike the former, 
as the name implies, following tht‘ dip of the strata, 
and so being the narrower and steeper ; the latter ninning 
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along their outcrop, and thus the broader and more lovoL 
These are generally excavated in a mass softer than those 
adjacent on either side, whether it is intercalated or 
infolded. When this mass is prolonged for a great dis- 
tance the strike valleys arc somotimos divided by low 
watersheds into different drainage systems. Of this, the 
Upper Rhone, the Reuss at its outset, and the Vorder 
Rhein afford an excellent example. They are excavated in 
an infold, composed mainly of Jurassic rocks, which is 
divided by watersheds at the Furka and Oberalp passes. 
As valleys of strike are both supplied and drained by 
valleys of dip, the course of an Alpine river, unless 
affected by Hf)nie of the irregularities mentioned al)Ove, has 
a rude resomblan.’o to the outline of a flight of steps. 

In the Eastern Alps, and in the southern more than in 
the northern region, the main lines of drainage run 
towiirds the east. The precise cause is not 
easily determined, but probably it is connected 
with the rather abrupt cessation of the chain at 
this extremity. The watershed then follows the central or 
crystalline range until on approaching the upjier |)art of 
the Inn valley it bends towards the south, returning from 
the Maloja Pass, in the neighbourhood of the llhoinwald- 
horn, nearly to its former position. Thus the upi^er waters 
of the Inn and the Hinter Rhein are supplied from a dis- 
trict distinctly south of the usual line of the watershed. 
The precise cause of this flexure is also difficult to deter- 
mine, but it is probably connected with the syncline, 
mentioned in a former ])anigi-a[)h. The watershed after- 
wards follows the crest of the Tuepontine and i’ennine 
Alps, having to the north a second range — largely con- 
sisting of crystalline rocks — the Bernese (ilnirland — higher 
than the former and not much inferior to the latter, through 
gashes in which the lleuss and the Rhone discharge their 
waters. From this we infer that the structure of this 
region, when the river system of the Al])s was first deter- 
mined, was a simpler one, more like that of the Eastern 
Alps ; the Pennine Alps, forming a watershed, flanked on 
either side by sedimentary ranges, of which the southern 
has been removed by d(iiiudatioii, and the northern greatly 
exaggerated by a later senes of movements, which, how- 
ever, must have been slow enough to allow the rivers to 
deepen their valleys part }Himi with the rise. Though 
the range of Mont Blanc is coune(;tod with that of the 
Oberland, its crest forms the watershed, for this jiassos from 
the Gi’eat St Bernard over the low gap of the Col Ferret, 
and by th«i Little St Bernard returns to its former course 
at the Rutor ; a diversion jirobably duo to the excep- 
tional elevation of the northern lunge in the vicinity of 
Mont Blanc, which has enabled it to discharge jiart of its 
water into the Val d’Aosta. Its original inferiority is, 
however, suggested by the fact that one tributary of the 
Durance actually drains the north-eastern flank of the now- 
dominant nuimf. South of the Little St Bernard Pass the 
watershed keej>s in its f»ld ])osition along the crest of the 
crystalline mass which encloses the Italian plain, while 
the prolongation of the Mont Blanc niasftif may bo traced 
through the Tareiitalse and Maurienne as far as the High 
Alps of Dauphine. The structure of these masses, how- 
ever, is anything but simple. The Romancho, rising on the 
Col de Laiitaret, forces its way through two crystalline 
ranges, that of the Crandcs Rousscs and of the Beliedonne, 
between which is an infold of Jurassic rocks. Do these 
two crystalline masses, together with the other and larger 
one, represent the double range system (Mont Blanc and the 
Brovent) farther north; or should the chief Dau})hin^ mass 
(that around the Pointe des Ecrins) be connected, as some 
think, with the crystalline ridge, of which the Grande 
Casso and Mont Pourri foi-m parts ; or is this latter ridge 
merely an outlier of the great central system, which farther 


north is represented by the Fennines 7 The fact that the zone 
of the Briangonnais (an important trough of sedimentary 
rocks) in the main keeps to the west of the Grande Casse- 
Pourri seems to link the latter to the central system. 

It is generally admitted that, v^hatever be the case in 
regard to Mont Blanc, the headwaters of streams flowing 
towards Italy have frequently trespassed on those 
running in the opposite direction. The most of ib 0 
striking instance is afforded by the Maloja Isiysr 
Pass, Here the head of the Inn valley is an 
almost level trough, about 9 miles long, be- 
tween lofty mountains, which is terminated at the actual 
pass by precipices descending to the Val Bregaglia. But 
it is inferred from studying the surrounding district that 
the watershed once lay some 6 miles faither south, the 
Val Fomo and Val Albigna being then tributaries of the 
Inn, but that it has been completely cut away by the 
greater erosive action of the Maira, which has annexed the 
drainage of those two glens. Those shorter trenches, 
which afford a passage to the great Alpine roads, may 
be simUariy explained, and such aiiparent anonialies as 
the structure of the mountains near Zermatt. Here the 
truncation of the range between the two arms of the Visp 
at the Strahlhorn, the wide gap between it and Monte 
Rosa, and the apparent disappearance of the Gornergrat- 
Stockhorn spur, may be duo to the recession of the head 
of the Val Anzasca. 

The Alpine chain, as it exists, is the result of two 
separate sets of movements during the Tertiary era in a 
region which, as stated above, had already btien 
the scene of disturl)ances. But the history 
of the former set is not yet certain. Some 
authorities think that the apparent change in 
general structure, near the headwaters of the Inn, indi- 
c*,ate8 that the Alps to the east and the west were pro- 
duced by independent disturbances. But even if the 
other view be adopted, the movements may not have been 
uniform or quite simultaneous. The effects of the 
second set wore, at any rate, more marked in the 
Central and Western Al]»8, asis shown by the facts already 
mentioned, and by the uiihoaval of the nagelflue (gravel 
from the rivers of the Oligocene Alps), to full 6000 feet 
above sea-level in the Rigi and the Speer. Some recent 
writers have maintained that parts of the Alps have been 
affected by torsional movements. It is, however, difficult 
to understand the mechanical conditions under which such 
movements, in the strict sense of the term, could be pro- 
duced in the earth’s crust, though no doubt unequal 
resistances to pressure and the joint effects of successive 
sets of thrusts, acting in different directions, would present 
a very similar aspect. Apart, however, from this it has 
been demonstrated, especially since 1870, that the struc- 
ture of the Alps is far more complicated than was formerly 
sujiposed. It was also believed that in the Aljis igneous 
rocks of Tertiary age occurred only in the Vicentin and in 
one or two isolated spots; recently, however, it has been 
maintained (though the question is still mib jmlice) that 
some of the intrusions in the Dolomite district belong to 
this era instead of to the Trias. 

Much attention has been given to the movements and 
]>hy8ics of glaciers. In the Alps their average motion is 
not far from a foot a day ; while the study of other regions 
has shown that, emteris paribus, the larger the 
glacier the quicker its pace. Special attention 
has been |)aid to the changes in volume exhibited by the 
Alpine glaciers. These are sometimes irregular, but as a 
rule they affect the majority of glaciers almost simultane- 
ously. A universal shrinl^ge set in soon after 1860, but 
now the tide seems to have turned. The diminution in some 
cases has been very groat ; for instance, the thickness of 
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the Unter Qrindelv^ld glacier has been reduced by 115 
feet. Its periods of advance during the last two centuries 
were 1703-20, 1770-1779, 1814-1822, 1840-1855. It is 
now generally agreed that during the Glacial epoch the 
Alpine ice more than once advanced and retreatkl. For 
instance, the glacier of the Rhone not only welled up 
against the flank of the Jura, where it dropped the noted 
Fierre-h~hoi and other erratics, but also descended to 
within a few leagues of Lyons, thus attaining a total length 
of about 270 miles. As an example of fluctuation we may 
take the ancient Limmat glacier, which many authori- 
ties believe to have exhibited the following phases: — (1) 
First advance indicated by morainic deposit on the 
Uetliberg; (2) Retreat and formation of the Decken- 
Bchotter (coarse conglomerate); (3) Second advance (ex- 
tension to Jura) represented by moraines considerably 
above the level of the Lake of Zurich ; (4) Retreat and 
deposit of the gravels forming the valley plain of the 
Limmat ; (5) Tlnrd advance, limited by the moraine near 
Killwangon. That most of the Swiss lowland was for a 
time covered by ice (forming a huge “ piedmont ” glacier) 
is now generally admitted. This would require the iiioiin 
temperature to bo much lower than at present, prolwibly 
about 18** F. at the time of maximum extension, while the 
glaciers would practically disappear from the Alps with a 
rise of D" F. 

The hypothesis attributing the greater lake basins in 
the Alps to the erosive action of glaciers has l)cen declining 
in favour during the last thirty years, as the subject has 
been more thoroughly and precisely studied. Many, jxjr- 
haps the majority of geologists now admit that the action 
of glaciers is abrasive rather than erosive^ and that they 
can excavate only in special circumstances and tc) a 
limited extent. Home tarns or lakelets may have been 
thus formed ; in others the water is dammed back by old 
moraines or bcrg-falls ; in others (though 7wt Lago di 
Tremorgio) a hollow has been formed by the removal of 
soluble rock ; but the larger Alpine lakes are now more 
generally attributed (like those of the Ht Lawrence region) 
to dilferential movements in the Ixjds of pre-existing 
valleys. 

A few corrections and additions to the article in the ninth 
edition of this work may be noted here. In regard to tiie 
Addenda Alpine mammals it is now certain that the ibex or 
and bouquetiu is restricted to the Eastern (IraianR. The 

hrowH bear still occurs lu outt or two of the more 
aomgenaa, districts, with the lynx and wild cat The 

stoat (P. ermitvea) ranges up to 10,000 feet 'J'he golden eagle, 
though rare, and the raven may be added to the birds ; one or 
two of the small raptorea are not uiiuoinmon ; the black redstart, 
the siskin, the crested titmouse, the crossbill, and the nutcracker 
are not rare ; the walLcreoper ( Tichodroma muraria)^ the Alpine 
accentor, the Alpine pipit, and the snow'tinch occur in the ujqier 
region. ** Grouse ” in the list of game birds presumably means the 
hazel grouse, for of course Tetrao scoticus does not occur ; the 
ptarmigan is rather common well above the tree-line, and ranges to 
a great height. The blackhead and common gull fiequont the 
lakes, with the black and eotiiiiion toms In the mountain lakes 
Salmo Iticmtria has been found at 86*26 feet, and Triton alpeatris 
slightly above that elevation. On page 621, col. 1 {Ency, Jirit, 
ninth edition, vol. i.), the PizTremoggia (11,82*2 feet) and Piz Cam- 
brena (11,834 feet) hardly deserve to to called dominant peaks of the 
Bernina fm>iip. The height of the Gross Venediger is 12,008 feet. 

Even since 1875 the Alps have been made minm more accessible. 
Raihvays have been carried over the Brenner, Arlberg, and Brunig 
passes, and through the Mont Cents and the St Gothard by the aid 
of long tunnels. The piercing of tlie Simplon is now in progress. 
Several light railways on more than one plan have been con- 
structed, as that from Chur to Thusis, or from Visp to Zermatt, those 
up the Riri, Pilatus, over the Wengern Alp, oven up the Gomer- 
grat ; the latest attempt being to burrow up to the summit of the 
Jungfrau. Carriage roads have replaced mule paths, as at the 
Lukmanier, Flttela, Oberalp, and Col de Forclaz passes, also to 
Ghamouni h*om Vemayaz by Sal van, and in several other places. 
Club-huts have been erected in many convenient positions among 
the peaks and glaciers ; hotels have multiplied, not only in the 


villagoa but also on commanding situations. One has even been 
built on the Gornergrat, thus ruining the grandest readily 
acoessible point of view in the Alps. The result has been to 
flood many parts of the Alps with tourists, to whom their l»eautios 
make no real appeal, and thus to take away much of theii charm. 

In several instances new surveys have slightly altered the 
altitudes of peaks or jiasses given m Mr Kallb list ; but it has 
been thought sufficient to substitute exact figures for those which 
he was obliged to leave as approximations, except in two or 
three cases whore the writer has failed to obtain more ])reciRo 
information. 


PoMee of the Maritime Alps 


Peaks qf the Cottian Alps 

Pams of the Cottian Alps 
Peaks of the Dauphini Alps 

Peaks of the Oraian Alps 

Passes of the Oraian Alps 
Peaks of the Pennine Alps 
Passes of the Pennine Alps 

Passes in the Bernese Alps 


Passes of the lUuptian Alps 

Peaks of the Lombard Alps 

Passes of the Lombard Alps 

Passes in the Vhxdelman Alps 
Passes in the Central Tyrol Alps 

Passes in the Styrian Alps 


r Col de Santron 

Fpot. 

8823 

i Col de Lauzanier . 

8714 

/ Poiute de 8t Anna ; the 

1 higher summit is called 
\ P. de la Fontc Saneta, 

V and is . . . 

11,057 

(/ol d’lzouanl 

7835 

Pic d’Ailefroido 

1*2,878 

/ Graiido Motto 

12,018 

\ Bee fie rinvergnan 

11,838 

Col do Lauzon 

10,831 

Pointe de Salles . 

8183 

Col de Vessona 

9167 

( Munch Joch 

11,885 

1 Trifthmmi 

10,170 

1 Geschenenlimmi (''Susten- 

V limmi) 

10,180 

J Sal dona Pass 

9317 

\ Kainor Pass . 

?5900 

f Passo di Val Viola 

8070 

4 Oavia Pass . 

8465 

(BielorJoch . 

6680 

1 Pizro del Tre Signoii 

11,020 

\ Brcnta Alla . 

9785 


Peaks of the South Tyrol and 
Venetian Alps 


I Gani})eu Pass . . 5060 

Croce Domini Pass . 6215 

\Passo di 8. Valentino , 9080 

i Modelejoch . . . 6665 

* \ Kaiscijoch . . . 7560 

Gebatsch Joch . . 10,640 

{ Kottcnmaiiner Tauorn . 4150 

KladuitzPass . . ?5930 

Gleinah) Pass . . 5210 

I'Marmolata . . . 11,020 

Diei Zinncn (highest) . 9860 

Cimon della Pala . . 10,450 

Palle di 8. Martino . 9830 

(F*crhaps Cima di Vezzaua 
10,465 intended) 

Mnrinarolo . . . 9620 

PeuKchclsfein Pass . 5000 

9104 
9030 
4275 
6*240 


Passes in the South Tyrol and 
Venetian Alps 

rtah, of the Sovlh-eastem Jl,>e { ! 

I'aeees ofiU Southern si“,"bSa®jSiS‘^ ! 

For topographical information, see the publications of the 
English, French, Italian, Swiss, German, and Austrian Alpine 
clubs ; the well-known guide books of Murray, Baedeker, and 
Joanne, the Climbers’ Guides, the Guide du Haul DauphirU; 
Ball’s Alpine Guide (new edition, vol. i. “Western Alps,’’ edited 
by W. A. B. Coolidge, 1898, alone jmblished) ; ana Notes for 
Travellers in the Alps (1899), by the same editor (being the 
“General Introduction” to Ball’s Omde^ revised and rewritten). 
This last contains a list of all the more important books and maps 
on the Alps, with articles on their geology and physical geograidiy, 
natural history, social life, &c. Among the more imjwrtant books 
published of late years may be mentioned the folloiiiiig: — 
Baillik-Gbohman, W. A. Sport in the Alps, 1896.--Cokway, 
Sir Martin. The Alps from end to end, 1895.->Dent, Clinton 
T. Mmntaineenng (Badminton Library), 1892.~Fobbi s, J. D. 
Travels through the Alps (rt*vised and annotated by W. A. B. 
Coolidge, 1900).— Frkshpielp, D. W. The Italian Alps, 1875.— 
GCssfeld, Paul. Jn den Hochalpen, 1886, — Lfndenfeld, R. von. 
Aus den Aljs-n, 2 vols., 1896.— Lubbock, Sir John. The Scemi’y 
of Sidfzerlaw/, 1896. — Main (Burnaby), Mrs. The high Alps %n 
fVinter, 1888.— Mathews, C. E. The Annals qf Mont Blanc, 
J898. — Roman, J. hidionnaire Tovographiqne du Dtipartm&nt des 
Jfautes Alpes, 1888.— Sinioaolia, L. Climbing Benuniscefues of 
the Dolomites (trans.), 1896.-Sowerby, J. The Forest Can^ 
of Switzerland, 1892.— Umlauft, F. Die Alpen, 1887 {The Alps, 
1889). — Whymper, E. Chamonix and the Jiange of Mont Blanc, 
1897; ThxVedley of Ztrmodi aidilix MatleThurn,\Wl. 

The list of pa])ers and books on Alpine geology and physical 
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geography is also very extensive. Of the former the more im- 
portant have appeared in some of the following publications:—' 
Acadimit dea ScUneea (fe VlnatitiU de France (Uomptes Rendus) ; 
Accademia IteaZe dei Lineei (Atti) ; Annales dee Mines, Deutsche 
geologiaelie Oesellschaft (Zeitsclirift) ; OeologiecU Society of London 
(Quarterly Journal) ; Katserliehe Akademie der Wissenachaften 
( Vienna) (Sitzungsberichte) ; Konigliehe Bayeriache Akademie der 
fFiaaenaeha^n (Sitzungsberichte) ; SoeietA Geologica lUdiana 
(Bollettino) ; SocM Giologique de France (Bulletin) ; Keue DenJc- 
aehriften der allgemeincn Schweiseriachen Geaellnehafi, The last- 
named contains (vol. xxxvii )an important paper by DrZscuoKKK, 
on the “Fauna of the higlier Mountain Lakes/’ and one by Dr 
Baltzrr (vol. xxxiii.) on the “ History of the Unter-Orindelwald 
Glacier.*’— The following more sjiecial books may be added: — 
Barbtti, M. Genlogia della Provtneia di 7'orino: Atlas, 1895. — 
Diknku, C. DcrGebirgahauder IFeatalpen, 1891. — Fraas, K. Scenerte 
derAljien, 1 892. — FiiKfiH, F. DieKarniachenAliien, 1892. — Hkim, A. 
(hite ranch nngen Ubcr den Mechaniamtia der Oebirgahilduiig{2 vols. and 
atlas), 1878 ; Uaiuihuehder Gletsdierkunde, 1885.— Mojsihovios, E. 
von. Die DolointtriffevonSMirolund Veneticm, 1879. — S0er.s, E. 
Die EnUtehung der Alpen, 1875. See also Daa ArUlUz der Erde, 
Livrct-Guidc Giologique dans le Jura H lea Alps de la Suisse, 
1894. — Favuk and Schardt. Etlogvc Geologieie UelveUcas now con- 
tains summaries of papers on Alpine geology. 

The following works are official : — Austria : K. K» Geologische 
Beidisanstalt (Abhandlungon and Jahrbuch). Fraiue . Bulletin dea 
Serrices de la Carte Giologique de la France, Italy * liealc Oomitato 
Geolugico d* ItnlUi (Bollotino). Switzerland JJcitrage zur geolo- 
gisrlyn Karte der Schweiz. 

The Alps, at least up to the fiontior, are included in the Govern- 
ment maps of the following countries -Audria : “ Special Karte 
des usterreiohisch-Ungarischen Monarchie” scale 703 sheets, 

18,74-1888 ; a revised edition now a]ipearing.-“i'’mwo<’ “Carte do 
I’Etat Maior” (type 1889), scale 54.58 sheets.— //a/ 1 /.* “Carta 

Topograiniica del Regno d’ Italia,” scale 277 sheets, 1884- 

97. — Switzerlaiui • “ Topograph ischer Atlas dor Schweiz ” (Siegfried 
atlas), scale fo** mountains, .089 sheets, 18/0. — Others, with 

maps of special districts, are emiiuerated in Hint'* and Notes for 
Travellers in ike Alps, cli., and a list of geological maps is given 
(p. xcviii.). The best and most recent geological map of tbe 
whole chain is F. Nok, Geologische Uchersichtskarte der Alpen 
18 ®^!' (t. cj, B.) 

AISACO- LorrainOf ni Omuan JUlsaas- Loth- 
rimjen, a German Jni|)(M'ial territory formed out of the 
former French provinces of Alsace and Lorraine, lying 
lietweon the lUiine on the K, the Havanan J^alatinate, 
Prussian Rfiine province, and grand-duchy of Luxemhurg 
on the N., Franco on the W., and Switzerland on tlw S. 
Maximum JongtJi, N, to S., 11^ miles; maximum breadth 
(in the N.), lOG miles; niaxinnnn breadth (in the S.), 22 
miles. The doterniining feat tires of its jdiysical conformation 
are the Vosges Mountains and the Rhine. The foothills 
of the former and the valley of the latter account for 
almost the entire area of Alsai^e ; and the greater jiart of 
Lorraine belongs to tin' liigli-plain which stretches from 
the Moselle to the Saar, lait seldom rises to 1300 feet 
above the sea-level. The drainage of the Vosges valleys 
and of the Rhine valley is collected and carried into the 
Rhine about 10 miles below Strasbu rg by the III. The 
climate is on the whole temperate — warme.st in the lowest 
districts (460 ft. above sea-level) of N. Alsace, and coldest 
on the summits of the Vosges, where snow lies six months 
in the year. The moan annual temperature at Strasburg 
is 49*8“ Falir., at Metz 48*2° ; the rainfall at ytrasburg 
26 J inches, and at Metz 27 i inches. Tlie Rhine valley is 
in great part fertile, yielding good crojis of potatoes, 
cereals (including maize), sugar beet, lio])s, tobacco, flax, 
hemp, and i>roducts of oleaginous ]»lauts. But wine and 
fruit are amongst the most valuable of the crops. The 
cereals chiefly grown are wheat, oats, barley, and rye. 
Great quantities of hay are harvested. In 1898 about 
3000 acres were ]ilanted with tobacco, and the yield, when 
dried, weighed about 3000 tons; and 73,730 acres vs'cro 
planted with vines, the yield being 11,348,000 gallons of 
wine, valued at iB9»'i0,000. These statistics embrace also 
the production of Lorraine, where agriculture is less 
strenuously carried on, and the fertility of the soil is less. 
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But Lorraine possesses, in compensation, greater riches m 
the earth, in her coal and iron and salt mines, the output 
of which in 1897 was 1,057,550 tons of coal, valued at 
£441,970 ; 5,360,840 tons of iron ore, valued at £615,880; 
and 70,578 tons of salt, valued at £39,860. The total 
mineral output of Alsace-Lorraine in 1898 was valued at 
£1,276,340. In 1897 the live stock of the territory 
numbered 138,689 horses, 512,329 head of cattle, 375,635 
pigs, and 93,204 sheep. Cows are grazed on the S. Vosges 
in summer, and large quantities of cheese (Munster cheese) 
are made and exported. Total population (1901), 1,717,451, 

The farms in Alsace are mostly small, and are held partly as a 
private possession, partly on the communal Bystem ; in Lorraine 
there are some larger ooouiiations. The distribution and classifi- 
cation of the holdings was as follows in 1895 


Un(l«*r 

2ito25 

25 to 250 

Above 250 

Total IkritiM. 


acres. 

acres. 

ttcrm. 


98,666 

119,955 

12,919 

407 

231,947 


The total area of these 232,000 farms wa.s 2,230,368 acres, the 
rest of the territory being covered by forests, barren lands, lakes, 
roads, Ac. Agriculture and wine-growing arc general industries ; 
but coal and iron mining are 8[)ecial to Lorraine, as the manu- 
facture of cottons, and on a smaller scale ot wpollcns, is 8|)Ocial 
to Alsace, the chief centres of the industry being Mulhausen, 
Colmar, and the valleys of the Vosges. The territory has always 
been the centre of an active commerce, owing to its situation on 
the coniines of Germany, France, and Switzerland, and alongside 
the great highway of the Rhine. The commnninations embrace 
some 1090 iniie.s of railway (1808 : of which about 1000 miles 
belonged to the state), a good system of roads, and several canals, 
in adoitioii to tbe rivers. Administrativcl}' the territory is divided 
into tbe following three districts : — 


Districts. 

Area In sci 
miles. 

1875. 

rt»pulation, 

1885. 

! 

1805. 1 

Density 
per sq. 

1 mile, 1895. 

Upper Alsace . 

IS.'il 

4r.3;i71 

402,540 

477,477 

3.52’6 

JiOwer Alsace 


.'ills, ISO 

012,077 

0.HS,021 

S40 1 

liorrainu . . . 

2-102 

480,2f»0 

489,721) 

524,88.5 

218 5 

Total . . 

5001 

1,531,804 

1,564,855 

1,640, IIS’ 

202 ’O 


On the sox division, 833,173 were in 1 89.0 males, and 807,813 females. 
The ])orccntage of illegitimacy in the same year was 8*3, also in 1898. 
The rural population embraced 54*8 per cent, of the whole, the 
urban population 45*2 ])er cent. The largest towns are Strasburg 
(the capital of the territory), Mulhauscii, Metz, Colmar, Ilugenan, 
SaargcTiiund, Gebweiler, and Markircli, all above 10,000 inhabit- 
ants each. Classified according tf) religion theie were, in 1895, 
3.06,458 Protestants, 1,216,791 Roman Catholics, and 32,8.00 Jews. 
Education is provided for (1898) at the umversitv of Strasburg, in 
23 classical and pro-classical schools, in 13 modern schools, and 
ill nearly 8500 schools of a more elementary character. Over 80 
]»er cent, of the people speak German as their mother- tongue, the 
rest French, or a jiatois of French. Tlie supreme executive officer 
of the territory is a governor - general, who is appointed by 
the German emjMjror ; but lie is assisted by a ministry of four 
members, under the cliainnanship of a secretary of state, and by 
a council of state nuniberiiig 58 members, and consisting of the 
governor-general, secretary ot state, chief provincial officials, and 
8 to 12 nominees of the emperor. In 1900 tbe revenue was osti- 
inateil at £3,020,242, and the cxnenditme at £3,002,788. There 
was also an extraordinary budget of £199,822 revenue and 
£217,362 expenditure. Customs and indii'cct taxes yield more 
than three-fifths of the total revenue, and direct taxes less than 
oiio-fourth. The state forests give about oiie-niuth of the whole. 
The public debt, cajiitalized, amounted in 1900 to £1,192,150, and 
the territory’s contribution to the imperial excheijucr to £830,425 
in 1900. The higher administration of justice is devolved upon 
SIX provincial courts and a sujiromo court, sitting at Colmar. 
Moreover, there are pui-cly industrial tribunals at Mulhausen, 
Thatin, Markirch, Strasburg, and Metz. The fish-breeding estab- 
lishment at Huuingon in Ufijier Alsace should lie mentioned. 

(j. T. Bt) 

Alston, or Aldstone, a market-town and rail- 
way station in the Penrith parliamentary division of 
Cumberland, England, 29 miles by road E.S.E. of Carlisle. 
The preparation* of umber for colours and paint is carried 
on. There are limestone quarries, and argentiferous lead, 
cop]:K3r, and blende are found in the neighbourhood. Coal 
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is wolfed chiefly for lime-baming. Area of parish (under 
a rural district council), 36,968 acres ; population (1881), 
4621 ; (1891), 3384 ; (1901), 3133. 

Altai, the name given to an extenaive region of 
Southern West Siberia, composed of many mountain 
ranges and broad, fertile valleys, similar in character to, 
but covering an area nearly three times larger than, 
Switzerland (52,500 square miles). It is watered by the 
upper tributaries of the Ob — Biya, Katufi, Charysli, and 
partly Tom, as also the Upper Irtysh. It has a quad- 
rangular shape, and is bounded on the S.W. by the 
Black (Chornyi) Irtysh, on the S.E. by the high plateau of 
north-western Mongolia, on the N.E. by the government of 
Yeniseisk, parts of which belong to or merge into the 
Altai, and on the N.W. by tho lowlands of Tomsk, 
strewn with many lakes and watered by the Ob. The 
name of Altai — Ektagh Altai, or Southern Altai, or 
Chinese Altai, and Altain-nauru — is also given to a 
mountain range which separates the drainage area of 
Lake Kobdo from that of the Black Irtysh and its former 
tributary, the Ulungur. This range borders on tho N.- - 
as the Eastern, Tian-Shan borders on the S. — the great 
and broad Dzungarian trench, excavated in a north-west 
to south-east direction in the High Plateau of East Asia, 
and loads with a gentle gradient from the lowlands of 
Ijako Balkhash to the higlr level of the plateau. 

The highest parts of the Altai region are along the 
border of the Mongolian plateau, where in all probability 
we have a border -ridge similar to tho Western Sayan, 
which might bo named the Sailughom range. Its south- 
eastern slope is short and gentle for the most part, 
as it leads to the 4000-5000 feet high plateau, upon 
which rise the tributaries of the Kemchik (Yenisei) at 
a great altitude, and tho lakes Ubsa-nor and Kobdo 
are situated. Several small plateaus, such as the Ukok 
(7800 feet), Chuya (6000 feet), Kendykty (8200 feet), 
and Juvlukul (7900 feet) plateaus, situated along a 
common axis running south-west to north-east, enter 
into the composition of that mountain range. There is 
no tree vegetiition on these heights ; only the dwarf 
birch {B, ruina) stands the cold, and the Arctomi/s 
Itohac makes his furrows in the frozen mud. Easy 
passages lead frqm these alpine lauds to the high plateau 
of Mongolia, but tho slopes directed towards the Altai 
rivers are extremely steep and very dillicult of access. 
The snow- line lies here at an altitude of about 9000 
feet, and many summits rise above that level, esiKJci- 
ally tho Byelukha (the Mont Blanc of the Altai), whose 
two summits reach 14,800 and 14,500 feet rcsjiectively, 
and give origin to six large and several small glaciers (30 
square miles aggregate area). The Kuitun, 12,000 feet, 
and several other high |H)aks belong to the same range. 
Several chains of mountains fill up the space between the 
Bailughem and the lowlands of Tomsk, but their mutual 
relations are yet far from being well known, and they are 
mostly described under local names. Such are the Chuya 
Alps (Chuiskiye Byelki), having an average altitude of 
9000 feet, with summits rising from 11,400 to 13,000 
feet, and giving origin to at least ten glaciers on their 
northern slope ; the Katufi Alps (Katunskiye Btolby) ; 
the Kholzun range; the range which is known locally 
under the names of Korgon (Korgonskiye Byelki, 6300 to 
7600 feet), Talitsk, and Selitsk ranges; the Tigoretsk 
Alps, and so on. Several secondary plateaus of lower 
altitude are also distinguished by geographers. 

The picturesque and fertile valleys of the Altai, sur- 
rounded as they are by majestic alps, are, of course, better 
known. Tho l^tufl valley begins as a wild gorge on the 
south-west slope of the Byelukha peak ; then tho river makes 
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a great winding before it pierces through the Katufi Alps, 
when it enters a wider valley, lying at an altitude of from 
2000 to 3600 feet, which it follows until it emerges from 
the Altai highlands to join the Biya and to fonn the Ob 
by their confluence in a most i>icturosque region. The 
next valley is that of the Charysh, which lias the Korgon 
and Tigeretsk Alps on one side and the Talitsk and 
Bashalatsk Alps on the other side. It is again vi'ry 
fertile, and is well peopled with Russian iieasant im- 
migrants in its lower jiarts. The Altai, seen from this 
valley, presents the most romantic scenes, including the 
small but deep Kolyvafi lake (altitude, 1180 foet), de- 
scribed by so many geographers, surrounded by fantastic- 
ally-shaped granitic domes and towers. Farther west the 
valleys of the Uba, the Ulba, and tho Bukhtarma ojien 
south-westwards towards the Irtysh, Tho low^er part of 
tho first is thickly populated ; in the ofUm - descrilied 
valley of the Ulba is the Riddersk mine, at the foot of the 
6770 feet high Ivanovsk peak, covered with beautiful 
alpine meadows. As to tho valley of the Bukhtarma, 
which has a length of 200 miles, it also has its origin at 
the foot of the Byelukha and the Kuitun peaks, and as it 
falls from the 6195 feet high level of an alpine plateau to 
the Bukhtarma fortress (1130 feet) it oflers the most 
striking contrasts of landscapes and vegetation. Its 
upijer parts are rich in glaciers, the best known ot Avhich 
is the Berel, w^hich flows from the double peak of the 
Byelukha. On tho northern side of the mountain range 
which separates the upper Bukhtarma from the upper 
Katufi one finds the Katufi glacier, which, after two 
ice-falls, becomes from 700 to 900 yards wide, and is often 
described as tho Altai Mm* de Ghxcc^ while the Byelukha is 
described as the Altai Mont Blanc. From a grotto in this 
glacier wildly runs the Katufi. The middle and lower 
parts of the Bukhtarma valley have been colonized since 
the 18th century by Russian peasant runaways — serfs 
and nonconformists — who had created there a free re- 
jmblic on Chinese territory; and after 1869, when this 
]Mirt of tho valley was annexed to Russia, it was lajudly 
colonized, on account of the fertility of the wdde jirairies 
in its lower portion. 

North-East Altai. — The north-eastern Altai is much 
less known. High jiasses, of difticult access and oicr 
10,000 feet of altitude, lead from it across the SaiJughem 
to the Mongolian plateau ; but they are seldom visited 
unless by Kirghiz shepherds. The high valleys of this 
portion of the Altai— Bashkaus, Chiilyslniian, and Cliulcha, 
all three leading to the beautiful alpine lake Telctskoye 
(length, 117 miles; maximum width, 1 miles; altitude, 
1600 feet) are only inhabited by nomad Telenguts. 
Even the shores of the lake — reminding one of tlu? Lake of 
the Four Cantons — are too wild to receive a numerous 
fKipulation. From this lake issues the Biya, which 
becomes navigable only aftt'r it emerges from tho moun- 
tains, t.c., at Biysk. Sixty miles lielow this town it joins 
the Katufi, and here begin the beautiful praiiies in the 
north-west of the Altai. 

Kuznetsk District. — Farther to the north-east the 
Altai highkuds arc continued in the Kuznetsk district, 
which lias a slightly different geological aspect, but still 
belongs to the Altai system. At the south-east limits of 
this district the Sayan range (from 6000 to 8000 feet, or 
more) apjiears as a continuation of the Sailughem, and has 
the same border-ridge character. But tlie Abakan river, 
which rises on its north-western slope, belongs to the system 
of the Yenisei. Tho Kuznetsk Alatau range, on the left 
bank of tlie Abakan, runs north-east into tho province 
of Yeniseisk, w'hile a compJcxus of iniiierfcctly iiia^iped 
mountains (Chukchut, Salairsk, Almkan, &c.) fills up the 
western portions of this territory. The Tom and its 
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numerous tributaries rise on the northern slopes of the 
Alatau, and their fertile valleys are occupied by a thick 
Eussian population, the centre of which is Kuznetsk, on 
the Tom. 

Geology * — ^Tho geology of the Altai is yet imperfectly known. 
Granite, togetlier with |)orphyiy and porphyrite, inteniectcd by 
veins of ja^le (veined porpliyrite) and various breccias used for 
decorative purposes at the Kolyvah stone-cutting works, as also 
dioriies, diabases, augite porphyry, hyperstenite, Ac., enter to 
a large extent intr> the composition of its mountains. The granites 
are very much decomiioHod, and take fantastic shapes round Lake 
Kolyvaii. Volcanic basalts and andesites are found in the Salair 
range. The gre/it bulk of the mountains consists of various schists, 
limestonos, sandstones, Ac., belonging to the pre-Silurian {leriod, 
the Silurian, Devonian, and Carboniferous ages ; they are chiefly 
develojK*d in tlie northern outer jiarts of the Altai. Since the Car- 
boniferous period the Altai has not been under the sea, and its coal- 
bearing Jurassic deposits are of lyesh-wator origin ; only in the 
Alatau are they of manno orimn, and show that this part of the 
highland was partially invaded ny the sea during the Secondary age. 

Numerous traces of an extended glaciation (including stnated 
rocks) have been discovered by Prof. Satioxhtiikoff. As a nile, the 
mountains are covered with thick diluvial deposits, and the 
forms of their granitic domes also suggest a wide glaciation. 

Flora. — Tho flora of the Altai, explored chiefly by Ijcdoliour, is 
rich and very beautiful. Uj» to a level of 1000 feet on the northom, 
and 2000 foot on tho southern slojjcs, the flora is the habitual 
European flora which spreads in Siberia os far as tho YetiLsei. Tho 
Hto])fie flora also penotratos from the south-west and drives the Altai 
flora to a still iiigher level. But alxivo these levels up to 6000 
feet, which is tho average limit of tree vegetation, tho mountains are 
covered with beautiful forests of bireh, Finns cemhrat Abies sibtncat 
Larix nbirUsaf Fieea obovata^ and so on, while the meadows are 
clothed with a rich, brightly coloured, and tyiucal covering of horba- 
oeoiis plants. Even the alpine moatlows, which have many species 
ki common with tlio Al^w, have a number of their own Altayan 
species. 

Mineral wealth . — In respect of mineral wealth, tho Altai pro|)er 
is rich in silver, copper, IcimI, and zinc ores, while in tho Alatau, 
gold, iron, ami coal are the ehiei resourcess. The Alatau mines are 
only now beginning to be explored, while tho eopjier, and perhatis 
also the silver ores of the Altai iirojier wore already worked by the 
prohistorio **0hud,’' at a time when tho use of iron was hot yet 
known. Russians began to mine in 1 727 at KoJyvaft, and in 1789 
at Barnaul. But the Altai mines were made the projH'rty of tho 
imperial family (*‘ Tho (jabinot of His Majesty ”), and the miners 
were miido serfs, which they remained until 1861 ; and this circum- 
stance hampered to a great extent both tho development of mining 
and tho colonization of the (Mmntry. Tho ores of tho Altai pro|)er 
appear nearly always in tho shape of irregular veins containing silver, 
lead, oopjH»r, and gold, — sometimes all together, — and they are 
worked chiefly at Ziiieinogorsk (or Zmeioft'), Zyryanovsk, Ust- 
Kameno^irsk, Kiddeisk (abandoned in 1861), and elsewhoro. 
They oiler, however, great difficulties, especially on account of 
their C(»ntmually varying productivity and temperature of fusion. 
The beautiful varieties of porphynos — green, red, stniKjd, Ac. — 
wffiich arc obtained, often in big monoliths, near Kolyvaft, are cut 
at the imiiorial stone-cutting factory, whoso produce is w^oll known 
in the art galloriea and i)ala(;es of Europe. Aquamarines of 
mediocre quality but enormous size (up to 8 inches in diameter) 
are found in the Korgon mine. Tlio northern, or Salairsk, 
mining remon also is rich in silver ores, and the mine of this 
name used formerly to yield up to 7776 lb of silver in one year. 
But the chief wealth of the north-east Altai is in tho Kuznetsk 
ooal-basin, also containing mm ores, whicli fills up a valley between 
the Alatau and the Salairsk range for a length of about 270 miles, 
with a width of about 66 miles, and is considered by Prof. 
Mushketoff os equal to tho liest coal liasins of England and South 
Russia. Schmahlhaiiseu's researches prove that these Coal Measures 
belong, like all those of East Siberia, Turkestan, Ac., to the Jurassic 
formation. Tho country is also covered w’ith thick diluvial and 
alluvial deiiosits containing gold. Gold is extracted in many places 
in the Altai ; to tho extent of 2887 kilograms in 1897. However, 
all tho mining is now on the decline. Instead of the 86,000 Ib of 
silver whioh used to bo extracted, only 6060 lb were extracted in 
1897. Tho yield of lead was 38,000 cwts. in 1868-71, and 20,000 
cwts. in 1896 ; of copper, 4400 cwts. in 1897. Coal, ‘however, is 
being extracted in small (|uauiitie8. 

Population . — The Russian agricultural population has rapidly 
increased since tho fertile valleys belonging to ^he im].>crial 
family have been thrown o^ieu to immigration, and it is estimated 
that the present agricultural jKipulation of the region (Biysk, 
Barnaul, and Kuznetsk districts) already reaches about 800,000. 
Tlie natives may represent a ^pulation of alxmt 46,000. Tliey are 
Altayans in tho west and Telenghitos in the east, with a few 
Kalmyks and Tatars. Although all called Kalmyks by the 


Bussiaiis, they speak a Turkish laognis^ Both the Telenghites 
and the Altayans are Shamanists,^! many of the former are 
already quite Russified. As to the virgin forests of the Kuznetsk 
Alatau-— the Cherft, or the Black Forest of the Russians,— they are 
peopled by Tatars (Chemevyie or Blaek Forest Tatars), who live in 
very small settlements, sometimes of the Russian type, but mostly 
in wooden yu/rtas of the Mongolian fashion. They can hardly 
keep any cattle, and live the poor life of forest-dwellers, feeding 
upon various wild roots, when there is no grain in the spring to be 
crushed with a hand-mill. Honey and cedar-nuts (from Pinus 
eenihra) collected in the forests are much relied upon for buying 
grain from the Russians. Hunting and fishing are also resorted 
to, and the skins and furs are tann^ by the foimly. 

AgrienZ^ure.-— Tlie chief occupation of tho Russians is agriculture 
(about 8,600,000 acres under culture), cattle breeding, bee culture 
(over 400,000 hives), mining, gathering of cedar-nuts (from 8000 
to 10,000 cwts. yearly) and hunting. All this produce is exported 
partly to Tomsk and (lartly to Kobdo in Mongolia. 

Towns . — Tho real capital of the Altai is Barnaul, the centre of 
the mining administration and altogether an, animated commercial 
town (29,408 inh.) ; Biysk, which is the eompoimrcial centre (17,206 
inh.); Kuznetsk (3140 inh.), Ust-Kamenogoaik (8968), and the 
mining towns Kolyvaft (11,703), Zmoinogorsk (6083), Riddersk 
(4000), and Salairsk (2600). Many villages are very populous. 

Admxniatratwn . — Most of the Altai region, covering an area of 
nearly 170,000 square miles and including the Kuznetsk region, 
forms a domain of the imperial family under thajiamo of Altai 
Mining District. 

Attthorities. — Ritter's Asicn, LEDEBoyR's Bcise^ Tciiik- 
H^AjBEFF's Altaic and Cotta's Altai are still veiy well worth 
colllpfcing. Of modem works, Zhivopisnaya Boasiya (‘^Pictur- 
ezq^Russia"), vol. xi., by Potanin, Musiikvtoff, Aprianoff, 
MHUl^rs; Skmenoff'b Geographical Dictionary; Adrtanoff's 
‘IHRley to the Altai," in Zapiaki Russ. Ucogr. Soc. xi. ; 
YadSintseff's “Journey in West Siberia," in IVest Sih. 

Qeogr. Soc. ii. ; Golubeff's .^ZZai^a890 (Russian) ; Scumitrlo, 
“Passes in S. Altai" (Sailughom), PMtia liuss. Geogr. Soc. 1898, 
xxxiv. 6; Prof. Sapozhnikoff, v^rjbi;^[^ articles on glaciers, Ac., 
in same |)6riodioal, 1897, xxxlii. ; 1899, xxxv. ' a. K.) 

Altdorf, the capital of tho SwisB canton of Uri, 
with a statio|||»on tho 8t Qothard Kailway, 22 miles from 
Goschenen and 34 miles from Luctrne. In 1899 a fine 
new carriage road was oixmed from Altdorf through the 
Hcliacheuthal and over the Klausen Pass (6404 feet) to- 
Lintihthal (30 miles from Altdorf), and so to Glarus. In 
1896 a fine bronze statue of Tell and his son, by Kissling, 
was set up in the market-place. In 1899 a theatre, close 
to the town, was opened for the wlo purpose of represent- 
ing Schiller^s William Tell. There is a stately parish 
church. Population in 1888, 2542; 1899, 2563; in 1900, 
3134. 

Altenttf a town of Prussia, province Westphalia, 
38 miles by rail S.S.E. from Dortmund. It has hardware 
(especially fine wire) industries, a castle, and a museum. 
Population (1886), 9387 ; (1896), 12,108 ; (1900), 12,769. 

Alton burg^i a town of Germany, capital of the duchy 
of Saxo-Altenburg, 23 miles S. from Leipsic by rail, with 
fine suburbs. A museum, with natural history, archseo- 
logical, and art collections, has been erected, and thero 
may be mentioned St. Bartholomew's church (1089), the 
German Benaissance town hall (1662-64), a lunatic asylum, 
teachers’ seminary, and agricultural school. There are 
lignite mines in tho vicinity. Population (1886), 29,110 
(1895), 33,420; (1901), 37,110. 

Altondorfi a commune of Prussia, in theEhine 
province, 1 mile W. from Essen, with coal-mines and iron- 
works. It embraces the two colonies of Krupp’s work- 
people — Kronenberg (population, 7764 in 1890) and 
Schederhof (4431). In 1901 it was incorporated with 
Essen. Population (1886), 26,693; (1896), 40,280; 
(1900), 63,271. 

AltenM80l1| a commune of Prussia, in the Ehine 
province, 3 miles N. from Essen, with coal-mines, machinery 
factories, and lime-kilns. Population (1885), 15,599 
(1895), 20,976; (1901), 27,938. 
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AltOflf a city of Madison county, lUinois, U.S.A., 
situated in the western part of the state, on the eastern 
bank of Mississippi river, just above the mouth of Missouri 
river, and twenty-one miles above St Louis, at an altitude 
of 436 feet. It is built on the river bluffs, and its plan 
is fairly regular. It is entered by four railways. The 
population in 1880 was 8975, in 1890 it was 10,294, and 
in 1900 it was 14,210. 

Altonftf a town of Prussia, province Schleswig-Hol- 
stein, immediafely W. of Hamburg, with which it is commer- 
cially identified, though administratively it is a separate 
town. Municipal offices, a bronze equestrian statue of 
the Emperor William I., and a bronze statue of Bismarck 
have been erected; there may also be noticed the 
public museum (containing ethnographical and natural 
history collectiogg), and monuments of the wars of 1864 
and 1870-71. ||pltona is the headquarters of the 9th 
German army corps, and possesses a school of navigation 
and famous fish-markets. Among its industries are the 
production of cottons, woollens, chemicals, chicory, hats, 
and vami^]^. Since 1888, when Altona joined the Im- 
perial ZollV0rein, approximately half a million sterling has 
been spent upon harbour improvement works. The im- 
ports and exports resemble those of Hamburg In 

the ten years 187 1 -80 the port was entered on an average 
by 737 vesselaNftf 67,735 tons, in 1881-90 by 608 vesHels 
of 151,713 tons, and in 1891-98 by 839 vessels of 253,384 
tons. In 1889 Ottensej^to the W. of Altona), where the 
poet Klopstock lies flUj^d, was incorporated with the 
town. In 1885 (incljHmg Ottensen, Oevelgonne, 0th- 
marschen, and. Bahrenfcld) the population was 126,306; 
in 1895, 148,944 ; in 1900, 161,508 ; without the four 
suburbs, 113,526 (1895); 117,824 (1900). 

AKoOII 09 a city of Bhur county, Pennsylvania, 
U.S.A., situated in 40’ 32' N. lat. and 78’ 24' W. 
long., at the foot of the Allegheny plateau, not far from 
the centre of tho state, at an altitude of 1179 feet. It is 
on the main line of tho Pennsylvania railway. Tho city 
is divided into nine wards, is regularly laid out, and is well 
built, having boon iff great part constructed by the railway 
corporation as its chief manufacturing dej^ot. Fostered 
by the railway, it has had a very rapid and solid growth. 
Tho population in 1880 was 19,710, in 1890 it was 30,337, 
and in 1900 it was 38,973 

Altrinchaniy or Alteinqham, a market town and 
railway station in the Altrincham parliamentary division 
of Cheshire, England, 8 miles S.W. by 8. of Manchester. 
Th(i more recent structures arc a Baptist chapel, a 
Unitarian chapel, and a market hall. Area of township 
(an urban district), 662 acres. Population (1881), 11, 250 ; 
(1891), 12,440; (1901), 16,831 ; of i)arliamentary division 
(1901), 78,796. 

AltWMISOri an industrial village of Prussia, province 
Silesia, 43 miles by rail S.W. from Breslau, and 3 N. 
from Waldenburg. It has factories for glass, porcelain, 
machinery, cotton-spinning, iron-foundries, and coal-mines. 
Population (1885), 8672; (1895), 10,207; (1900), 12,700. 

Altyn«t8>(fh| or AsTYN-TAOH,a lofty mountain range 
of central Asia, running from the S.W. to the N.E., from 
38’ N.-87J’ E. to 39’ N..91’ E., forms a border range of 
Northern Tibet, having to the north-west the lower terrace 
of the East Turkestan plateau, about 2700 feet high on the 
banks of the Cherchen-^ria, and to the south-east the north* 
western extremity of the Tsaidam plateau, nearly 10,000 
feet of altitude. In 89’ 30' E. it is separated from the 
Tarim basin by a secondary chain, about 7200 feet high, but 
farther west it rises above the desert as a nearly vertical 
wall. The passes visited by Prjewalsky and Carey reach 
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10,140 and 13,000 feet respectively, the summit attaining 
from 12,000 to 14,000 feet. (See Kukn-lun.) 

Alt-Zabrjl€^ a village of Prussia, province of Silesia, 
5 miles by rail E. from Gleiwitz. Tt is in repute for its 
iron-works, coal-mines, manufactory of win? ropes, «Src. 
Population (1885), 9390 ; (1895), 14,012 ; (1900), 19, .571. 

Aluminium.— Although never met with in the 
elemental state, the metal aluminium is more widely dis- 
tributed throughout the world than any similar substance. 
The word is derived from the Latin alwmen, and is probal>ly 
akin to the Greek a A? (the root of halogerty etc.); but 
while Pliny the Elder and other Roman authors discuss iU 
properties at some length, there is considerable doubt 
whether the alum they know was not largely composed of 
sulphate of iron. In the 16th century a.d., Paracelsus 
drew the'first real distinction between alum and tho vitriols ; 
in 1722 Hoffmann announced the base of alum to bo an 
individual substance ; in 1761 Morve.au suggested that this 
base should be called alumirie^ after alumintujL\ the 
French name for alum ; and finally about 1820 the word 
was changed into alumina. In 1760 the French chemist 
Baron unsuccessfully attomi)ted “to reduce the base of 
alum” to a metal, and shortly afterwards various other 
mvestigators essayed the problem in vam. In 1808 Sir 
Humphry Davy, fresh from ilio electrolytic isolation of 
lK)tassium and sodium, strove to break up the molecule of 
alumina by heating it with potash in a platinum crucible 
and submitting the mixture to a current of electricity ; iu 
1809, with a more powerful batter}-, he raised iron wire to 
a red heat in contact with aluniiim, and obtained distinct 
evidence of the production of an iron-almninium alloy. 
Naming the new metal in anticipation of it.s actual birth, 
ho called it alumium; but for the sake of analogy he was 
soon persuaded to change the word to aluminum^ in which 
for®; alternately with aluminium^ it occurs in chemical 
literature for some thirty ytJars. Tho metal is occasionally 
called aluminum in America to this day ; but the European 
spelling is preferable, as the termination -ium harmonizes 
with the names of other metallic elements. 

In the year 1824, ondeavoiiring to prepare it by chemical means, 
Oersted heated its chloride witli potassium amalgam, and failed in 
his obietit simply by reason of tho mercury, so that 
when Wohler repeated the experiment at Oottingcn in . . ^ 
1827, employing jiotAssium alone as tlie reducing agent, 
he obtained it in tho metallic state for the iirst time in history. 
Contaminated as it >»a8 with potassiuni and with platinum from the 
oniciblo, the metal formed a gi*ey pow-der and was far Irom pure ; 
but in 184.^> he improved the conditions ol his jirocess, and succeeded 
in prorluciiig metallic globules whercw-ith ho examined its chief 
properties, and prepared several compounds hitherto unknow-ii. 
Early in 1864, H. St Claire Devillc, w-ho was attempting to make 
some uon-existont salts of aluminium, accidentally and in ignorance 
of Wohler’s later results, imitated the 1845 experiment. At once 
observing the reductior of the chloride, ho realized the importance 
of his discovery, and immediately began to study methods for 
winning the metal on a commercial scale. His attention was at 
firat divided hotw-ocn two processes — tho chemical method of re- 
ducing the chloride with potassium, and an electrolytic method of 
decomposing it with a carbon anode and a platinum cathode, which 
was simultaneously imagined by himself and Bunsen. Both 
schemes appeared well-nigh impossible ; potassium cost about £17 
I)er lb, gave a very small yield, and was dangerous to manipulate, 
while on the other liaiid, the only source of electric current then 
available was the primary battery, and zinc as a store of industrial 
energy was utterly out of tho question. Devillc accordingly 
returned to pure chemistry and invented a practicable method of 
preparing, sodium which, having a lower atomic w’cight than 
iiotassiuin, reduced a larger jiroportion. He next devised a plan 
for ma.iufacturing pure alumina from the naluial oits, and finally 
elaborated a process and plant which hold tho field for almost 
thirty years. 8o admirably and cxliaustiv(*ly were bis researches 
conducted that it required a Castner to improve on his nictlK^s. 
Only tho discovery of dynamo-electric moclunes and their applica- 
tion to metallurgical processes rendered it possible for the brothers 
Cowles to remove the industry from the hands of chemists, till the 
time when Messrs. H^roult and Hall, by devising the electrolytic 
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mothod now in use, placed the business finally under the con- 
trol of electricians, and inaugurated the present era of industrial 
electrolysis. 

The chief natural compounds of aluminiiun are four in number : 
oxide, hydroxide (hydrated oxide), silicate, and fluoride. CormnAwm,^ 
the only imi>ortant native oxide (ALOg), occurs in large 
Orwa. dcfMisits m southern India and the United States 
Although it contains a higher j^iercenta^e of metal 
(52*9 per cent.) than any other natural compound, it is not at 
present employed as an ore, not only because it is so hard os to bo 
crushed with difficulty, but also because its very hardness makes 
it valuable as an abrasive. Cryolite (Al. 4 F 6 .ONaF) is a double 
fluoride of aluiiiinium and sodium, which is scarcely known except 
on the west coast of Greouland. Formerly it was used for the 
preparation of the metal, but the inaocossibility of its source, and 
the fact that it is not sufficiently pure to be employ ed without some 
preliminary treatment, caused it to be abandoned in favour of other 
salts. When recpiireti in the Ueroult-Hall process as a solvent, it is 
Homotimes made artificially. Aluminium silicate is the chotnical 
body of which all clays are nominally coiujjosed. Kaolin or Ckimt 
clay is essentially a pure disilicato (AI 2 O,. 2 Si 0 . 4 . 2 IL 4 O), occurring 
111 large bods almost throughout the world, and containing in its 
anhydrous state 24*4 per cent, of the metal, which, however, in 
common clays is more or less reiilaccd by calcium, maguosium, and 
the alkalis, the proportion of silica HoiaetiTn( 5 H reaching 70 jicr cent. 
Kaolin thus seems to be the best ore, and it ivould undoubtedly bo 
used were it not for the fatal objection that no satisfactory process 
has yet been discovered for preparing puio aliiiiiina from any 
mineral tliat is chemically a silicate. If, accoiding to the present 
method of winning the metal, a hath containing silica as well os 
alumina is submitted to electrolysis, both oxides aie dissociated, 
and as silicon is a very undesirable impurity, an alumina con- 
taminated with silica is not suited for 1 eduction. Jiauxitc is a 
hydrated oxide of alumiuiuin of the idu. 1 l composition, AI. 4 O 3 . 2 H 2 O. 
It IS a somewhat widely distributed mineral, being met with in 
Slyria, Austria, llessc, and French Oaiaiia ; but the most im|KU‘taiit 
beds are in the south of Fiance, the north of Ireland, and m 
Alabama, Georgia, and Arkansas in North Amcrn*a. The chief 
Irish deposits are in the neighbourhood of Glenravel, Co Antrim, 
and have the advantage of being near the coast, so that the alumina 
can he transported by watur-c,irriage. After being dried at 100“ C., 
Antrim bauxite contains fioin 33 to 60 ])er cent, of alumina, from 
2 to 30 per cent, of fume oxide, and lioni 7 to 21 per cent, of 
silica, the balance hoing titniic acnl and water of coinhiuaiion. 
The American hauvdtus contain iiom .38 to 67 iH>r cent, of alumina, 
from 1 to 23 iier cent, of feme oxide, and lioin 1 to 32 per cent, of 
silica. Thu French hauxitt’S arc of fairly constant composition, 
containing usually fioni .08 to 70 ))ur cent, ol alumina, 3 to 15 per 
cent, of foreign mat tut, and 27 per cent, made ii]> of silica, iron 
oxide, and water in piojujrtioii.s that vaiy with the colour and the 
situation of the beds. 

Before the application of c]c«!tricity, only two compounds wore 
found suitable tor rudiiction to tin* nictallie state. Alumina itself 
is so refractory that it cannot he meUe«l save by the oxy-hydrogon 
blowpiiw, or the oloctm; are, and cxcopt in the molten state it is 
not siiseeptihlc of dceoinnositioii by any chuinieal reagent. Doville 
first selected tliu clilondu as Ins i;iw material, but observing it to 
be volatile and extremely deliquescent, he soon substituted in its 

} )lace a double chloride of aluminium and sodium ih^ily in 
\'rcy HUggo.stud that cryolite sliould he more convenient, as it was 
a natural mineral and bnglit not reqiiiie purification, and at the 
end of Maicli in that year, Faraday exhibited before the Koyal 
Institution bamjtlos of tlio metal reduced from its lluorido by Dick 
and Smith. Hose also carried out experiments on the dec(im]X)Hi- 
tion of cryolite, and ex]»russed an 0 ])iiiion that it was the best of all 
comt>ouuds for 1 eduction , hut, finding the yield of metal to ho 
low, receiving a rtqjort ol the diffieulties experienced in mining the 
ore, and fcaiiug to enpple his now industry by basing it upon the 
employment of a mineral of such uncertain supply, Devillo decided 
to Keep to his chlorides. With tlic advent of the dynamo, the 
position of affairs was wholly changed. The first successful idea of 
using electricity deiKUidtsl on the enormous lieatiug poweis of the 
arc. The iiifiisibility of aliinuna was 110 longer pnfiiiuitive, for the 
molten oxide is easily reduccsl by carbon. Nevertheless, it was 
found impracticable to smelt alumina electrically except in presence j 
of copper, so that the Cowles fin naec yielded, not the ])ure metal, 
but an allo 3 \ 80 long as the metal 'was princiiially regarded as a 
necessary iiigredieut of aluminiuiii-hronzc, the Cowles process waft 
popular, but when the advantages of aluminium itself became more 
ap|iarcut, there arose a fresh demand tor some cheap method of 
obtaining it unalloyed. It was soon discovered that the faculty of 
inducing dissociation iiossessed by the current might now be utilized 
with some lio|>e of p^.uuiary success, hut as electrolytic currents 
are of lower voltage than those requir^ in electric furnaces, molten 
alumina apun became impossible. Many metals, of w*hieh cop|)er, 
silver, and nickel are typos, can be readily won or purified by the 
electrolysis of aqueous solutions, and theoretically it may be feasible 
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to treat aluminium in an identical manner. In practice, however, 
it cannot be thrown down eleotrolytioally with a dissimilar anode 
BO ae to win the metal, and certain diffioultios are still met with in 
the analogous operation of plating by means of a similar anode. 
Of tlm simple compounds, only the fluoride is amenable to electro- 
lysis in the fused state, sinoe the chloride begins to volatilize below 
its melting-point, and the latter is only 5** below its boiling-point 
Cryolite is not a safe body to electrolyse, because the minimum 
voltage needed to break up the aluminium fluoride is 4*0, whereas 
the sodium fluoride requires only 4*7 volts ; if, therefore, the 
current rises in tension, the alkali is reduced, and the final product 
consists of ail alloy with sodium. The corresponding double 
chloride is a far bettor material ; first because it molts at about 
180*" C., and does not volatilize below a red heat, and second, 
because the voltage of aluminium chloride is 2*8 and that of sodium 
chloride 4*8, so that there is a much wider margin of safety to 
cover irregularities in the electric pressure. It has l^en found, how- 
ever, that molten cryolite and the analogous double fluoride repre- 
sented by the formula AljFe . 2 NaF are very efficient solvents of 
alumina, and that these solutions can he easily electrolysed at aliout 
800“ C. by means of a current that conipfotely decomposes the 
oxide but leaves the haloid salts unafiected. Molten cryohte dis- 
solves roughly 80 per cent, of its weight of pure alumina, so that 
when ready for treatment the solution contains about the same pro- 
portion of what may be termed ** available ” aluminium as does the 
^lsod double chloride of aluminium and sodium. The advantages 
lie with the oxide bec.au 8 e of its easier preparation. Alumina diB- 
solves readily enough in aqueous hydrochloric acid to yield a solu- 
tion of the chloride, but neither this solution, nor that containing 
sodium chloride, can be evaporated to dryness without decomposi- 
tion. To obtain the anhydrous single or double chloride, alumina 
must he ignited with carbon in a current of chlorine, and to exclude 
iron from the finished metal, either the alumina must bo pure, or 
the oliloride bo siihiniitcd to purification. 'iUius preparation of a 
chlorine compound suited for electrolysis becomes more costly and 
more troublesome than that of the oxide, and in addition four 
times as much raw material must bo handled. 

At diffuioiit times propositions have been made by Bucherer, 
Blackmore, and others, to win the metal from its sulphide. This 
compound )>ossesscs a heat of formation so much lower that elec- 
trically it needs hut a voltage Of 0 9 to dooompose it, and it is easily 
soluble m the fused sulphides of the alkali metals. It can also he 
reduced metal lurgically by the action of luoltcn iron. Various 
considerations, however, tend to show tliat there cannot be so much 
advantage in employing it as would appear at first siglit. As it is 
easier to reduce than any other compound, so it is more difficult to 
produce. Therefore while less energy is absorbed in its final 
reduction, moio is needed in its initial preparation, and it is 
questionable whether the economy possible in the second stage 
would not ho neutralized by the gi'oater cost of the first stage in the 
whole operation of winning the metal from bauxite witli the sulphide 
as the intermediary. 

The Dcville process as gradually elaborated between 1865 and 
18.69 exhibited thico distinct phases ; — Production of metallic 
sodium, formation of the pure double chloride of sodium f m 

and aluminium, and preparation of the metal by tlie 
intoraetiou of the tw o former substances. To pi oduco “ 
the alkali metal, a calcined mixture of sodium carbonate, coal, and 
chalk was strongly ignited 111 fiat letorts made of boiler-plate ; the 
sodium distilled over into condensers, and was preserved under 
heavy petroleum. In order to prepare pure alumina, bauxite and 
sodium carlionate were heated in a furnace until the reaction was 
complete ; the jiroduct was then oxtraeted with W’atcr to dissolve 
the sodium aliiininate, the solution treated with carbon dioxide, 
and the precipitate removed and dried. This purified oxide, mixed 
with sodium chloride and coal tar, w'as carhonizod at a red heat, 
and ignited in a current of chlorine as long as vapours of the 
double chloride were given off, these being coiidensca in suitable 
chambers For the production of the final aluminium, 100 {larts 
of the chloride and 46 parts of cryolite to serve as a fiux were 
powdered together, and mixed with 35 parts of sodium cut into 
small pieces. The whole was thiown in several portions on to the 
hearth of a furnace previously licated to low redness, and was 
stirred at intervals for three hours. At length when the furnace 
was tapped a white slag was drawn off from the top, and the liquid 
metal beneath was received into a ladle and poured into cast-iron 
moulds. The process was worked out by Devillo in liis laboratory 
at the £cole Normale in Pans. Early in 1866 he conduoted large- 
scale experiments at Javel in a factory lent him for the juirpose, 
where ho produced sufficient to show at the French Exhibition of 
1866. In the spring of 1856 a complete plant was erected at La 
Glaci 6 re, a suburb of Paris, but becoming a nuisance to the 
neighbours, it was removed to Nanterre in the following year. 
Later it was apiin*transferrcd to Salindres, where the manufacture 
was coutinuea by Messrs. Pechiney till, after Deville’s death in 
1881, the advent of the present electrolytic process rendered it no 
longer jirofitable. Deville received much encouragement and 
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neottuiarv usistance from the liYonch Aoademy, and also lix>m the 
hands of Kapoleon III., who, impressed ifath an aluminium medal 
struok in his honour, and with a baby-rattle presented to the infant 
Prinoe Imperial, conceived the idea of furnishing hie Cuirassiers 
with aluminium armour and helmets. For over a year the 
Emperor defrayed Devillo's exjienses, and although the latter did 
not find it possible to gratify his patron's military aspirations, yet 
Napoleon Ill.’s generosity in assisting scientific research has borne 
much fruit both in the western and eastern hemisplicros. 

When Deville nuitted the Javel works, two brothers named 
Tissier, formerly his assistants, who had devised an improved 
sodium furnace and had acuuired a thorough knowledge of their 
leader's experiments, also left, and erected a factory at Amficville, 
near Rouen, to work the cryolite process. Tliis need not be 
described at length. It consisted simply in reducing cryolite wdth 
metallic sodium exactly as in Deville's chloride method, and it w*as 
claimed to possess various mythical advantages over its rival. Two 
grave disadvantages were soon obvious — the limited supply of ore, 
and, what was even more serious, the largo proportion or silicon in 
the reduced metal. The Amfrevillo works existed some eight or ten 
years, but achieved no permanent prosperity. In 1868 or 1859 a 
small factory, the first in England, was built by F. W. Gerhard 
at Battersea, who also employed cryolite, made his own sodium, 
and was able to soil the product at 3s. 9d. per oz. This enteipiiso 
only lasted about four years. Between 1860 and 1874 Messrs. 
Boll Brothers manufactured ilie metal at Washington, near New- 
castle, under Deville's supervision, producing nearly 2 ewt. pc-r 
year. They took part in the lutomaiioual Exhibition of 1862, 
quoting a price of 40s. per lb troy. 

In 1881 Webster jwitcnted an improved process for making 
alumina, and the following year he organized the Alumiinum Crown 
Metal Co. of Hollywood to exploit it in coiduiiction with Deville’s 
method of reduction. Potash -alum ana pitcli wcio calcined 
together, and the mass was treated wdtli liydroehlone acid ; char- 
coal and water to form a paste were next au<led, and the whole was 
dried and ignited in a current of air and steam Tlio lesidue, con- 
sisting of alumina and potassium sulphate, was leached with water 
to separate the insoluble matter which was dried as usual. All the 
by-products, potassium sulphate, sulphur, and aluiinnato of iron, 
were canable of recovery, and were claimed to reduce the cost of 
the oxide materially From this alumina ilie double chloride was 
prepared in essentially the same manner as practised at Saliiidrcs, 
but sundry economies accrued in the process owing to the larger 
scale of w-orking and to the adoption of Weldon’s method of 
regenerating the 8})eiit clilonne liquors. In 1886 Castner's sodium 
patents appealed, and Tlie Aluminium Co. of Oldbuiy w'as 2>ro- 
moted to combine the advantages of Webster’s alumina and 
Castner’s sodium. Castner bad long been interested in aluminium, 
and was desirous of lowering its pi ice. Seeing that sodium w'as the 
only iiossible reducing agent, be set himself to cheapen its cost, 
and deliberately rejecting sodium carbonate for the more expensive 
sodium hydroxide (caustic soda), and reidueingeaibon by a mixture 
of iron and carbon — the so-called carbide ol iron — bo invented the 
highly scientific method of winning the alkali metal which has 
remaineil in cxistoiieo almost to the present day. In 1872 sodium 
prejmred by Deville's nrocess cost about 48. per lb., the greater ]>ait 
of the expense being clue to the constant failure of the retorts ; in 
1887 Castner’s sodium cost less than Is. jier H), for bis cast-iron 
pots survived 125 distillations 

In the same year Grabau 2 >iiteiited a method of reducing the 
simple fluoride of aluminium with sodium, and his proee.ss was 
operated at Trotha in Germany. It was distinguished by the 
unusual purity of the metal obtained, some of his samples contain- 
ing 99*5 to 99*8 per cent. In 1888 the Alliance Alunniiiiim Co. 
was organized to w'ork certain iiatonts taken out during the previous 
year by Dr Netto, Cajit. Cunningham, and Mr Forster for winning 
the metal from cryolite by means of sodium, but these were only 
modifieations ni detail of the processes already described. Tins 
com{>any erected plant in London, Ilebbiirn, and Wallscnd, and by 
1889 were selling the metal at 11s. to 15s. |ier It). The Aluminium 
Company’s price in 1888 w'as 20s. jier lb and the output about 
250 U) per day. In 1889 the price w*as 16s., but by 1891 the 
electrioiaus cortimencerl to oifer metal at 48. per lb and aluminium 
reduced with sodium became a thing of the past. 

About 1879 dynamos began to be introduced into metallurgical 
practice, and from that date onw*ai ds numerous sclienies for ntiliz- 
BtBctrlcml '**5 c]iea|ior form of energy were brought before the 
puolic. The first electiicjil method w'ortby of notice is 
' that patented by Messrs E. H. and A. H. Cowles in 
1885, which was worked both at Lockport, New York State, and at 
Milton, Staffordshire. The furnace consisted of a fiat rectangular 
firebrick box, packed with a layer of finely powdered charcoal 2 
inches thick. Through stuffing-boxes at the ends passed the two 
electrodes, made after the fashion of arc-light carbons, and capable 
of being approached together according to the requirements of the 
ojMnition. The central space of the furnace was filled with a 
xnixturo of corundum, ooarsely powdered charcoal, and copjier ; and 
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an iron lid lined with firebrick was luted in lU ]»laec to exclude 
air. The chaige was reduced by means of a 50-vutt eun'eut from a 
800-kilowatt dynamo, which was passed through the furnace for 
li hours till deeom|>o8ition was complete. About 100 lb of 
bronze, containing from 16 to 20 lb of aluminium, were obtaiiicd 
from each run, the yield of the alloy being lepoited at about 1 
per 18 e.h.p. -hours. The oompositum of the alloys thus produced 
could not be pivdetermiiied with exactitude ; each batch was 
therefore analysed, a number of them were bulked together, oi 
mixed with copjkfr in the iieiiessaiy ^iroportion, and milted in 
crucibles to give merchantable bronzes coutaiiiiug between ami 
10 percent, of aluminium. Although the eojqtei took no jont in 
the reaction, its employment was found iiidisjansable, asolheiwise 
the aluminium partly volatilized, and jiartiy er mhimd with tlic 
carbon to form a carbide. It was also necessary to give the fine 
charcoal a thin coating of calcium oxide by soaking it in lime-water, 
for the temperature was so high that unless it was tlius protected 
it was gradually eoiivortod into giaydiite, losing its insulating 
l^iower and diffusing tlio cm rent through the lining and walls of tin* 
furnace. That this process did not deiiend upon electiolysis, but 
was simply an instance of electrical siiielting, or the decomposition 
of an oxido by means of carbon at the tcmj)eratuic of the electric^ 
aic, is showrn by the fact that the Cowles furnace would work with 
on alternating current. 

In 1883 Gratzel yiatentcd a useless electrolytic pioeess with 
fused cryolite or the double clilori<le as the law' material, and in 
1886 Kleiner propounded a ciyolite moLliod wbuh was worked 
for a time by the Aluminium Symheato at Tyldcsley near Man 
cheater, but W’as abandoned in 1890. In 1887 Miiiet took out 
patents for electrolysing a nnxtiiic of sodium chloride with 
aluminium fluoride, or with natural or artiticial cryolite. The 
operation was continuous, the metal being leguluily lun off from 
tlio bottom of the bath, wlnlc flesh alumina and fluoride were 
added as reipiired. The process exhibited several disadvantages , 
the electrolyte had to bo kept constant in comiiosition lest eitliei 
fluorine vapours should be evolved or sodium thrown down, and 
Hie raw materials bad accordingly to be prejjaied in a luiic 
state. After ))rolonged experiments in a faetoiy owned by Mossis 
Bernard Freres at St Micbel in Sa\oy, Minet's inocti-s was given 
up, and at the close of the 19tb century the Heroiill-Hall method 
was alone being employed in the manufacture of alumiiuum through - 
out the world. 

The original Dovillc process for obtaining puie alumina from 
bauxite was greatly simplified in 1889 by Bayer, whose most 
recent yiatonts aie being exploited at Lame in lieland. Ciude 
bauxite is ground, lightly calcined to destroy organic mutter, and 
agitated under a pressure of 70 or 80 lt> per square inch w’lth a 
solution of sodium hydroxide liaviiig the syieeific grjMty 1*45. 
After tw’o or three hours the Inimd is diluted till its density falls 
to 1*23, wbon it is passed through filter- presses to remove the 
insoluble feme oxide and silica. The solution rd sodium aluniinale, 
containing aluniinium oxide and sodium oxide in the molecular 
proportion of 6 to 1, is next agitated loi Ibirty-six hours with a small 
quantity of hydrated alumina pieviously obtained, winch causes 
the liquor to decompose, and some 70 }>er cent of the aluminium 
hydroxide to bo tnrowm down. The filtrate, now containing 
roughly two molecules of alumina to one of soda is concentrated 
to the onginal gravity of 1*45, and cnqdoyed instead of fresh 
caustic for the attack of more bauxite , the preei]>itato is then 
eollected, w*asliefl till free from sixln, dried, ami ignited at about 
1000” C. to convert it into a crystalline oxide which is less liygio- 
scopic than the former amorphous vonety 

The ))roeess of manurartiire which now remains to be described 
W’as patented during 1886 and 1887 in the name of C. M. Hall 
in Ameiiea, in that of P. V. L. Heroult in Engluiid and France. 
It would be idle to discuss to whom the credit of first imagining 
the method rightfully belongs, for probably Ibis is only one of 
the many occasions when new ideas have been born in several 
brains at the same tune Hall, liowever, at once realized tlnit 
bis aim should be to win aluniinium itself in an electrically 
wanned liath ; fora while Ileroult seemed undeeidcii between the 

J nire metal and an alloy, between internal and cxteinal heating. 

1888 Hall was at work on a commercial scale at Pittsburg, 
reducing German alumina; in 1891 the plant was removed to 
New Kensington for economy in fuel, and was gradually enlarged 
to 1500 h.p. ; in 1894 a factory of 5000 h.i». driven by water 
W’os erectea at Niagara Falls. In 1890 also the Hall process 
ojieratcd by steam power was installed at Patneroft, Lancasliire, 
where the plant had a capacity of 300 n> per day, but by 1894 
the turbines of the Sw’iss and French works ruined the enterprise. 
About 1897 the Bernard factory at St Michel passed into the hands 
of Messrs Pechiney. the machinery soon being increased to 3000 h.p.. 
and there, under the control of a firm that has been concerned 
in the industry almost from its ince])tion, aluminium is being 
manufactured by the Hall process. In July 1888 the Socif^te 
Metallurgique Suisse erected plant driven by a 500-b.p. turbine 
to carry out H4roult's alloy jirocess, and at the end of that year 
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the Allgemeiue Elektricitate GeselUchaft united with the Swiss 
firm in organizing the Aluminium Industrie Actien Gesellschaffc 
of Neuhausen to manulaoturo the metal on a larj^er scale. Heroult 
and Kiliani then reverted to the plan of winning the metal 
alone, and gradually the alloy process was abandoned. At 
present (1000) about 4000 h.p. obtained from the Rhine are 
employed at Neuhausen, and about 2000 h.p. at Rheinfelden, 
while some 3000 h.p. are similarly used by the Societi^ Electro- 
M4tallurgiquo Fran^aiso of La Praz near Modano. In 1895 the 
British Aluminium Cumiiariy was founded to mine bauxite aud 
manufacture alumina in Ireland, to prajiai^ the necessary electrodes 
at Greenock, to reduce the aluminium at Foyers, and to refine and 
work up the metal into marketable shapes at the old Milton 
factory of tiie Cowles Syndicate, remodelled to suit modern 
requiremonts. 

The river Foyers in Inverness-shire, which empties itself into 
Loch Ness, makes a total descent of 400 feet during the last Ij: 
mile of its courHo, and fonns two cascades 40 feet aiial65 feet high 
respectively. From a |)olnt some distance above the upper fall an 
8- feet tiiniK'l has been drilled thraugh the solid rock, bringing 
the ^ator at a high level to the brpw of the hill that slopes 
down to the loch, which it descends in steel tubes to drive the 
turbines at the bottom. Lest the natural river should fail in 
litnus of drought, water-rights over some 100 square miles of 
Inverness-shire have been acquired, and a masonry dam has been 
built across the southern end of the mountain valley (700 feet 
high) that contained Lochs Faralme and Garth, so as to raise the 
water level and form one vast reservoir 5 miles long by j mile 
wide holding 4000 million gallons- -sufficient without any rainfall 
to projiel the machinery for 1 00 days. By the end of 1 899 plant 
equal to 7000 h.^i. had Ijoeii installed, soiito of it, however, being 
employed in the manufacture of calcium carbide. Each dynamo 
is carried on the same vertical shaft with its turbine, and runs 
at a speed of 150 revolutions ])er minute, developing 700 e.h.p., 
and giving a current of some 8000 amperea at 60 volts. 

The Heroult cell consists of a square iion or steel box lined 
with carbon rammed aud baked into a solid mass ; at the bottom 
is a cast-iron jilate connected with the negative iKile of the dynamo, 
but the actual working cathode is undouutedlv the laver of alicady 
reduced and molten metal that lies in the bath. The anode is 
formed of a bundle of carbon rods suspended from overhead so 
as to bo capable of vertical adjustment. The cell is filled up 
with cryolite, and the current is turned on till this is melted ; 
then the pure powdered alumina is fed in continuously as long as 
the o[)eration ]iruceods. The current is 8Up]»hed at a tension of 
3 to 5 volts jicr cell, ])asHing through 10 or 12 in series ; and it 
]K?rforins two <listinct functions — (1) it overcomes the chemical 
affinity of the a'utnmium oxide ; (2) it overcomes the resistance 
of the electrolyte, heating tlio liquid at the same time. As a ^lart 
of the voltage is consumed in the Utter duty, only the residue 
eau be converted into chemical w^ork, and as the tlieoretical 
voltage of the aluminium fluoiide in the cryolite is 4*0, provided 
the bath is kept iironerly supplied with alumina, the Huorides are 
not attacked. It follows, therefore, except lor incchauical losses, 
that one charge of cryolite lasts indeiluituly, tliat the sodium and 
other irnpuiities in it are not liable to contaminate the product, 
aud that only the alumina itself need be carefully ]mrilicd. The 
operation is essentially a dissociation of alumina into aluminium, 
which collects at the catliode, aud into oxygen, 'which combines 
with the anodes to iurin carbon monoxide, the latter esciiping and 
being burnt to carbon dioxide outside. Theoretically 36 paits 
by weight of carbon are oxidi/od in the ])Toduction of 54 parts 
of aluminium ; pnu'tically the anodes waste at the same rate 
at which metal is deposited. The current density is about 700 
amiieras per stjuare foot of cathode surface, and the number of 
rods in tno anode is such that each delivers 6 or 7 amperes |K)r 
fi({uaro inch of cross-sci'Liunal area. The working tcmiterature 
lies between 750“ and 850“ C., and the actual yield is 1 lb of metal 
j>er 12 o.h.p. hours. The bath is heated internally with the 
current rather than bv means of external fuel, l^cause this 
arrangement permits the vessel itself to bo kept comparatively 
cool ; if it were find fiom >Mtliout, it would bo hotter than the 
electrolyte, and no iiiatoiial suitable for the construction of the 
coll is conifietcnt to willistaud the attack of uaNccut aluminium at 
high temperatures. Aluminium is so light that it is a matter 
roriuiring some ingenuity to select a convenient solvent through 
which it shall sink quickly, for if it does not sink, it short- 
circuits the electrolyte. The molten metal has a specihe gra'vity 
of 2*54, that of molten orvolite saturated with alumina is 2*35, 
aud that of the fluoride Ar3F0.2NaF saturated with alumina 1*97. 
Tlie latter therefore appears the better material, and was originally 
preferred by Hall ; cryolite, however, dissolves more alumina, and 
has been finally adopted by both inventors. 

Aluminium is a white metal with a characteristic tint 
which most nearly resembles that of tin ; when impure, or 
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after prolonged exposure to air, it has a slight violet shade. 
Its atomic weight is 27 (26*77, H«-l, according to J. 
Thomsen). It is trivalent. The specific gravity 
of cast metal is 2*583, and of rolled 2*688 at 
4 "* C. It melts at 626” C. (freezing-iKiint 654*5”, Heycock 
and Neville). It is the third most malleable and sixth 
most ductile metal, yielding sheets 0*000025 inch in thick- 
ness, and wires 0*004 inch in diameter. When quite 
pure it is somewhat harder than tin, and its hardness is 
considerably increased by rolling. It is not magnetic. 
It stands near the |>ositive end of the list of elements 
arranged in electromotive series, being exceeded only by 
the alkalis and metals of the alkaline earths ; it therefore 
combines eagerly, under suitable conditions, with oxygen 
and chlorine. Its coefficient of linear ex])ansion by heat 
is 0*0000222 (Richards) or 0*0000*231 (Roberts-Austen) 
})er 1” C. Its mean specific heat between 0” and 100” is 
0*227, and its latent heat of fusion 100 calories (Richards). 
Only silver, cojqier, and gold surpass it as conductors of 
heat, its value being 31*33 (Ag = 100, Roberts-Austen). 
Its electrical conductivity, determined on 99*6 per cent, 
metal, is 60*5 jicr cent, that of copper for equal volumes, 
or double that of copper for equal weights, and when 
chemically pure it exhibits a somewhat higher relative 
eflTiciency. The average strength of 98 per cent, metal is 
approximately shown by the following table : — 



Klautic Limit, 
tons lH5r 
square luch. 

Ultimate 
Strength, tons 
per square 
inch. 

lieduciion of 
Area |Ksr 
ceui. 

Cast . 

3 

7 

1.5 

Sheet 


11 

35 

Bars . 

<54 

12 

10 

Wire .... 

7-13 

13-29 

GO 


Weight for weight, therefore, aluminium is only ex- 
ceeded in tensile strength by the best cost steel, and its 
own alloy, aluminium bronze. An absolutely clean surface 
liecomas tarnished in damp air, an almost invisible coating 
of oxide being produced, just as happens with zinc ; but 
this film is very i>ennanent and prevents further attai'k. 
Exposure to air and rain also causes slight corrosion, but 
to nothing like the same extent as occurs with iron, copper, 
or brass. Commercial electrolytic aluminium of the best 
tpiality contains as the average of a largo number of te.sts, 
0*48 per cent, of silicon and 0*46 per cent, of iron, the 
residue being essentially aluminium itself. The metal in 
mass is not affected by hot or cold water, the foil is very 
slowly oxidized, while the amalgam decom])Oses rapidly. 
Sulphuretted hydrogen has no action upon it, therefore 
articles made of it are not blackened in foggy weather or 
in rooms where crude coal gas is burnt. To inorganic 
acids, except hydrochloric, it is highly resistant, ranking 
well with tin in this respect; but alkalis dissolve it quickly. 
Organic acids such as vinegar, common salt, the natural 
ingredients of food, and the various extraneous substances 
used as food preservatives, alone, or mixed together, dis- 
solve traces of it if boiled for any length of time in a 
chemically clean vessel ; but when aluminium utensils are 
submitted to the ordinary routine of the kitchen, being 
used to heat or cook milk, coffee, vegetables, meat, and 
even fruit, and are also cleaned frequently in the usual 
fashion, no appreciable quantity of metal passes into the 
food. Moreover, did it do so, the action upon the human 
system would lie infinitely less harmful than similar doses 
of copper or of lead. 

The highly electro-positive character of aluminium is 
most imjKirtant. At elevated temperatures the metal 
decomposes neavly all other metallic oxides, wherefore it 
is most serviceable as a metallurgical reagent. In the 
casting of iron, steel, and brass, the addition 4of a trifling 
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proportion (0*005 per cent.) removes oxide, and renders 
the molten metal more fluid, causing the finished products 
to be more homogeneous, free from blow-holes, and solid 
all through. On the other hand, its electro-positive nature 
necessitates some care in its utilization. If it be ex|x»sed 
to damp, to sea-water, or to corrosive influences of any 
kind in contact with another metal, or if it bo mixed with 
another metal so as to form an alloy which is not a true 
chemical compound, the other metal being highly negative 
to it, powerful galvanic action will bo set up, and the 
structure will quickly deteriorate. This explains the 
failure of boats built of commercially pure aluminium 
which have been put together with iron or copper rivets, 
and the decay of other boats built of a light alloy, in 
which the alloying metal (copper) has been injudiciously 
chosen. It also explains why aluminium is so diflicult 
to join with low-temi)erature solders, for these mostly 
contain a large proportion of lead. This disadvantage, 
however, is often overestimated, since in most cases otW 
means of uniting two pieces are available. 

The motal produces an enormous number of useful 
alloys, some of which, containing only 1 or 2 j)cr cent. 

of other metals, combine the lightness of alu- 
minium itself with far greater hardness and 
strength. Some ivith 90 to 99 per cent, of other metals 
exhibit the general ijrojxjrtics of those metals conspicuously 
improved. Among the heavy alloys, the aluminium bronzes 
(Cu, 90-97 *5 per cent. ; Al, 2*5-10 per cent.) occupy the 
most important position, showing mean tensile strengths 
increasing from 20 to 4 1 tons i>er square inch as the per- 
centage of aluminium rises, and all strongly resisting 
corrosion in air or sea-water. The light copper alloys, in 
which the proportions just given are practically reversed, 
are of considerably less utility, for although they are fairly 
strong, they lack power to resist galvanic action. This 
subject is far from being exhausted, and it is not improbable 
that the alloy - producing capacity of aluminium may 
eventually prove its most valuable characteristic. In the 
meantime, ternary light alloys appear the most satisfactory, 
and tungsten and copiKjr, or tungsten and nickel, seem 
to be the best substances to add. 

The uses of aluminium are too numerous to mention. 
Probably the widest field is still in the purification of iron 
and steel. To the gcTieral public it appeals 
most strongly as a material for constructing 
cooking utensils. It is not brittle like j)orcelain and cast 
iron, not poisonous like lead-glazed earthenware and un- 
tinned copper, has no enamel to chij) off like steel, does 
not rust and wear out like cheap tinplate, and weighs but 
a fraction of other substances. It is largely replacing 
brass and copper in all departments of industry — esj^ecially 
where dead weight has to be moved about, and lightness 
is synonymous with economy — for instance, in bed-plates 
for torpedo-boat engines, internal fittings for ships instead 
of wood, complete boats for portage, motor-car parts, and 
boiling-pans for confectionery and in chemical works. The 
British Admiralty employ it to save weight in the Navy, 
and the Continental war-offices equip their soldiers with it 
wherever possible. As a substitute for Solcnhofen stone it 
is used in a modified form of lithography, which can be jnjr- 
formed on rotary printing-machines at a high speed. With 
the increasing price of copper, it is coming into vogue as an 
electrical conductor for uncovered mains ; it is found tliat 
an aluminium wire 0*126 inch in diameter vrill carry as 
much current as a copper wire 0*100 inch in diameter, 
while the former weighs about 79 fi) and the latter 162 Ib 
per mila Assuming the materials to be of equal tensile 
strength per unit of area — hard-drawn copper is stron^r, 
but h^ a lower conductivity — the adoption of aluminium 
thus leads to a reduction of 52 per cent in the weight, a 


gain of 60 per cent, in the strength, and an increase of 
26 percent, in. the diameter of the conductor; a saving 
in cost of poles is also effected. At present prices (1900) 
it is already cheai)er than copjwr jier unit of electric 
current conveyed ; but when insulation is necessary, the 
smaller size of the copi^er wire renders it more economical. 
Aluminium conductors have been employed on heavy 
work in many plactis oiitsidc England, notably for a 30,000 
volt current in Washington Territory, U.S. A., which is trans- 
mitted a distance of over 30 miles, and sunilar develop- 
ments are proceeding in England, the earliest bt»ing at 
Northallerton. For telegraphy and telej)hony, aluminium 
conductors are in frequent demand, and give i)erfect 
satisfaction. Difficulties were at first encountered in 
making the necessary joints, but they have been largely 
overcome by practice and exj>erienco. 

Two points connected with this metal are of buflicient 
moment to demand a few wwds by way of conclusion. 
Its extraordinary lightness forms its chief claim to general 
adoption, yet is apt to cause mistakes wdieii its ])ricc is 
mentionedL It is the weight of a mass of metal which 
governs its financial value ; its industrial value, in the vast 
majority of cases, depends on the volume of that mass. 
Provided it be rigid, the bed-jJate of an engine is no 
better for weighing 30 cw^t. than for weighing 10 cwt. 
A saucepan is required to have a certain diametei and a 
certain depth in order that it shall hold a certain bulk of 
liquid: its weight is merely an encumbrance. Uoj)i)er 
l)eing 3J times as heavy as aluminium, whenever the 
latter costs less than times as much as copper it is 
actually cheaper. It must be remembered, too, that 
electrolytic aluminium has only been known during the 
last decade of the 19th century. 8am])les dating from 
the old sodium days are still in existence, and when they 
exhibit unpleasant proj)erties the defect is often ascribed 
to the metal instead of to the process by which it was 
won. Much has yet to be learnt about the ))ractical 
qualities of the electrolytic product, and although every 
day's experience serves to place the metal in a firmer 
industrial position, a final verdict can only be imssed after 
the lapse of time. The individual and collective influence 
of the several impurities which occur in the product of 
the Hcroult cell is still to seek, and the importance of 
this inquiry will be seen when w'e consider that if cast 
iron, wrought iron, and steel, the three totally distinct 
metds included in the generic name of “ iron " — which 
are only distinguished one from another chemically by 
minute differences in the proportion of certain non-metallic 
ingredients — had only been in use for some dozen years, 
attempts might occasionally be made to forge cast iron, 
or to employ wrought iron in the manufacture of edge- 
tools. (e. j. k.) 

Al VAf a police burgh and (woollen) manufactuiing town 
of Clackmannanshire (transferred from Stirlingshire, 1891), 
Scotland, 7 miles E. of Stirling, the terminus of a branch 
of the North British Railway. Population (1881), 4961; 
(1891), 5225; (1901), 4624. 

Alvorstone, Richard Everard Web- 

Stetf Ist Baron, Lord Chief Justice of England 

(1842 ), w*a8 born 22nd December 1842, being the 

second son of Thomas AVebster, Q.C. He was educated at 
King's College and Charterhouse schools, and Trinity 
College, Cambridge; was called to the bar in 1868, and 
became Q.C. only ten years afterw*ards. Ilis practice was 
chiefly in commercial, railway, and j)atent cases until (June 
1885) he was ai)pointed attorney-general in the Conservative 
Government in the exceptional circumstances of never 
having been solicitor-general, and not at the time occupying 
a seat in parliament. He was elected for Launceston in the 
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following month, and in November exchanged this seat for 
the Isle of Wight, which he continued to represent until his 
elevation to the House of Lords. Except under the brief 
Gladstone administration of 1886, and the Gladstone- 
Bosebery Cabinet of 1892-95, Sir Kichard Webster was 
attorney-general from 1885 to 1899. In 1890 he was 
leading counsel for the Times in the Parnell inquiry ; in 
1893 he represented Great Britain in the Bering Sea 
arbitration ; and in 1898 ho discharged the same function 
in the matter of the l^oundary bt^tween British Guiana and 
Venezuela. Ho was well known as an athlete in his earlier 
years, having represented his university as a runner, and 
his interest in cricket and foot-racing was kept U]> in later 
life. In the House of Commons, and outside it, he was 
throughout his political airoer prominently associated with 
Church work ; and though ho liad no claim to a rejmtatioii 
for eloquence, his speeches were distinguished for the more 
solid qualities of gravity and earnestness. In 1899 he 
succeeded Sir Nathaniel Bindley as Master of the Rolls, at 
the same time being raised to the [icerage as Baron A1 ver- 
st one, and in October of the same year lie was elevated 
to the office of Ijord Chief .Justice upon the death of 
Lord Russell of Killowen. 

AlwArp or Ulwar, a native state of India, in the 
Rajputana agency. Area, 3051 h(j[uare miles; population 
(1881), 682,926; (1891), 767,786- average density, 252 
l)er8on8 ])er si^uare mile; (1901), 828,888, showing an 
increase of 8 per cent. Wlu‘n compared with a heavy 
decrease elsewhere throughout Ihiji»uUna, this increase 
may be attributtHl to the snrcjessfnl administration of 
famine relief, under British officials. The gross revenue 
in 1896-97 was Rs.27,88,410, of which Rs.20,48,000 was 
derived from land, Us. 1,25,000 from salt, and Its. 1,85,000 
from interest. The exfKmditiire iii<‘luded Rs.3, 59,000 
for public works, Its. 5, 10,706 for iinjKjrial service troops, 
118.3,87,602 for irregular forces, Its. 1,53,000 for palace, 
and Rs.3, 13,000 for stahhvs, <fec. There was a balance of 
Rs.65,53,000, mostly invested in govoniment securities. 
The present Maharaja, Jai Singh, who succeeded in 1892, 
was educated at the Mayo Cyollege, where he excelled both 
in sjiorts and in knowledge of English. AlwAr was the 
first native state to accept a currency struck at the 
Calcutta mint, of the same weight and assay as the 
imperial riqiee, with the head of the British Sovereign on 
the obverse. Imperial service troojis are maintained, con- 
sisting of both cavalry and infantry, with transport. The 
state is traversed by the Delhi branch of the Rajputana 
railway. A setilonieut of the land revenue is being 
carried out by an English civilian. 

The city of Alwau is situated in 27‘' 34' lat. N, and 76* 
38' E. long. ; railway station on the Rajputana line, 98 miles 
from Delhi. Population (1881), 49,876 ; (1891), 52,398 ; 
(1901) 56,7 40, showing a steady increase. It stands in a 
valley overhung by a fortress 1000 feet above. It is sur- 
rounded by a ranqiart and moat, with five gates, and con- 
tains fine pilaces, temples, and tombs. The water-supply is 
brought from a lake 9 miles distant. It has a high school, 
affiliated to the Allaluiliad university; and a school for 
the sons of nobles, founded to commemorate the Diamond 
Jubilee of Queen Victoria. The Lady Dufferin hospital is 
under the charge of an English lady doctor, with two 
female assistants. 

Amakusai an island Ix^longing to Japan, 36^ miles 
long and 13^ wide, situated in 32* 20' N. lat. and 
131* E. long., on the west of the jirovince of Higo, 
from which it is sejxirated by the Yatsushiro-kai. It has 
no high mountains, but its surface* lieing very hilly — four 
of the peaks rise to a height of over 1500 feet — the natives 
resort to the terrace system of cultivation with remarkable 


success. A number of the beads of the Christians executed 
in connexion wi^ the Shimabara rebellion in the 17th 
century were buried in this island. Amakusa produces 
fine kaolin, which was largely used in former times by the 
potters of Hirado and Satsuma. 

AnriAlfl, a town and archiepiscopal see of Campania, 
province of ^lemo, Italy, on the N. coast of the Gulf of 
Salerno, 13 miles W, by S. from Salerno. This ^lart of the 
coast produces first-class lemons. Macaroni is manufac- 
tured. A serious landslip choked up the harbour in 
January 1900. Population, 4792 (1881) ; 7329 (1901). 

Amairai a town of Asiatic Turkey, in the Basra 
vildyet, on the left bank of the Tigris, connected with 
the right bank by a bridge of boats. It is the chief town 
of a rich district and exports grain and dates. Population, 
9500. 

Amarapuraf formerly capital of Burma, now 
a subdivision of the Mandalay district, with an area of 
304 square miles and a population of 62,310. The old 
city of Amarapura is in a state of utter ruin. The 
Barmans know it us Myohruug, “ the old city.” It is a 
stiitioTi on the Rangoon - Mandalay railway, and is the 
junction for the line to Maymyo and the KunlOng ferry, 
and for the Sagaing-Myitkyina railway. The group of 
villages called Amarapura byEuroiieans is known to the Bur- 
mans as Taung-myo, “ the southern city,” as distinguished 
from Mandalay, thci Myauk-myo. or “ northern city,” 3 miles 
distant. Amarapura, though little more than a century 
old and abandoned so recently as 1860, is stami)ed with 
the desolation of ages, so completely have the climate and 
vandalism changed its aspect. It contains many pagodas. 

AltlAsiOif the chief town of a district in the Sivas 
vilAyet in Asia Minor, and an important trade centre on the 
Samsiin-Sivas road. It was one of the chief towns of the 
kingdom of Trebizond, and was much favoured by the 
early Osmanli sultans, one of whom, Selim I., wa.s born 
there. Aimlsia lias extensive orchards and fruit gardens ; 
and there are steam flour -mills. Wheat, flour, and silk 
are exj^orted. In 1895 there was a massacre of Armenians. 
I’opulation, 30,000 (Moslems, 20,000, of whom one-third 
are Slifas ; Christians, 10,000). 

AlTIdJBOna — The river Amazon, the largest in the 
world, has a drainage area of 2,722,000 square miles, if 
the Tocantins be included in its liasiu. It drains four- 
teuths of South America, and it gathers its waters from 
5“ N. to 20“ S. latitude. Its most remote sources are 
found on the iuter-Andean plateau, but a short distance 
from the Pacific Ocean ; and, after a course of about 4000 
miles through the interior of Peru and across Brazil, it 
enters the Atlantic Ocean on the equator. It is gener- 
ally accepted by geographers that the Marauon, or 
Upper Amazon, rises in the little lake, Lauricocha, 
in 10* 30' S. latitude, and 100 miles N.N.E. of 
Lima. They appear to have followed the account given 
by Padre Fritz, which has since been found incorrect. 
According to Antonio Raituotidi, it is the Rio de Nu];ie 
branch of the small stream which issues from the lake 
that has the longer course and the greater volume of 
water. The Nujic rises in the Cordillera do Huayhuath, 
and is the true source of the Marafion, There is a 
difference among geographers as to where the Marauon 
ends and the Amazon commences, or whether both names 
apply to the same river. The Poiigo de Manseriche, at 
the base of the Andes, and the head of useful navigation, 
seems to be the natural terminus of the Marauon ; and an 
examination of. the hydrographic conditions of the great 
valley makes the convenience and accuracy of this 
apparent. Raimondi terminates the Maranon at the 
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mouth of the Ucayali, Reclus the aame, both following 
the missionary fathers of the colonial period. M. de la 
Condamine uses Amazon” and **Mara£ion” indiscrimi- 
nately, and considers them one and the same. Smith and 
Lowe give the mouth of the Javary as the eastern limit, 
as does d’Orbigny. Wolf, apparently uncertain, carries 
the ^‘Maraflon or Amazon” to the Peruvian frontier of 
Brazil, at Tabatinga. Other travellers and explorers 
contribute to the confusion. This probably arises from 
the rivalry of the Spaniards and Portuguese. The former 
accepted the name Marahon, in Peru, and as the 
missionaries penetrated the valley they extended the 
name until they reached the Ucayali ; while, as the Portu- 
guese ascended the Amazon, they carried its name to the 
extent of their explorations. Beginning with the lower 
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river we propose to notice, first, the great alfluents which 
go to sweU the volume of the main stream. 

Tributaries, 

The Tocantins is not really a branch of the Amazon, 
although usually so considered. It is the great central 
fiuvial artery of Brazil, running from south to north for a 
distance of about 1500 miles. It rises in the mountainous 
district known as the Pyrenees ; but its more ambitious 
western affluent, the Araguay, has its extreme southern 
headwaters on the slopes of the Herra Cayap6, and Hows a 
distance of 1080 miles l^eforo its junction -with the parent 
stream, which it api)ear8 almost to equal in volume. 
Besides its main tnl)ut4iry, the Bio das Mortes, it has twenty 
smaller branches, offering many miles of canoe navigation. 



In finding its way to the lowlands, it breaks frequently 
into falls and rapids, or wdnds violently through x’oeky 
gorges, until, at a point about 100 miles al)ovo its 
junction with the Tocantins, it saws its way across a rocky 
dyke, for 12 miles, in roaring catanicts. The tributaries 
of the Tocantins, called the Maranhao and Paraua-tinga, 
•collect an immense volume of water from the highlands 
which surround them, especially on the south and south- 
east. Between thci latter and the confluence wdth the 
Araguay, the Tocantins is occasionally obstructed by 
rocky barriers 'which cross it almost at a right angle. 
Through these, the river carves its channel, broken into 
cataracts and rapids, or caefumras^ as they are called 
throughout Brazil. Its lowest one, the Itaboca catamet, 
is about 130 miles above its estuarine port of Cametd, for 
which distance the river is navigable ; but above that it 
is useless as a commercial avenue, except for laborious and 
very costly transportation. The flat, broad valleys, com- 
posed of sand and clay, of lx)th the Tocantins and its 
Araguay branch, are overlooked by steej> blufts. They 
are the margins of the great sandstone plateaux, from 1000 
to 2000 feet elevation above sea-level, through which the 


rivers have eroded their deep beds. Around the estuary 
of the Tocantins the great plateau has disappeared, to 
I give place to a part of the forest-covered, half-submerged 
' alluvial plain which extends far to the north-east and 
west. The Pard river, generally called one of the mouths 
of the Amazon, is onl}^ the lower reach of the Tocantins, 
If any portion of the waters of the Amazon runs round 
the southern side of the large island of Marajo into the 
river Pard, it is only through tortuous, natural canals, 
which are in no sense outflow channels of the Amazon. 

The the next large river w*est of the Tocantins, 

I is a true tributary of the Amazon. It was but little 
known until it was explored in 1884-87 by von dtn 
Steinen, from Travelling east, 240 miles, ho 

found the river Tamitatoaba, 1 80 feet wide, flo\iing from 
a lake 25 miles in diameter. lie descended this torrential 
stream to the river llornero, 1300 feet wide, entering 
from the w^est, which receives the river Colisii. These 
three streams form the Xingu, or Paraiia-xingu, 'which, 
from 73 miles lower do'wn, bounds along a succession of 
rapids for 400 miles. A little above the head of naviga- 
tion, 105 miles from its mouth, the river makes a bend to 
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the east to find its my across a rocky barrier. Here is 
the great cataract of Itamaracd, which rushes down an 
inclined plane for 3 miles and then gives a final leap, 
called the Fall of Itamaraci. Near its mouth, the Xingd 
expands into an immense lake, and its waters then mingle 
with those of the Amazon through a labyrinth of canos 
(natural canals), winding in countless directions through a 
wooded archipelago. 

The TAi»A.f08, running through a humid, hot, and 
unhealthy valley, pours into the Amazon 500 miles above 
Pari, and is about 1200 miles long. It ristjs on the 
lofty Brazilian plateau near Diamantino, in 14“ 25' S. lat. 
Near this place, a number of streams unite to form 
the river Arinos, which, at latitude 10“ 25', joins the 
Juruona, to form the **Alto Tapajos,” so called as low 
down as the Rio Manoel, entering from the east. Thence, 
to Santarem, the stream is known as the Tamjos. The 
lower Arinos, the Alto Tapajos, and the Ta]»ajos to the 
last rapid, the Maranhilo Grande, is a continuous series of 
formidable aitaracts and rapids ; but from the Maranhao 
Grande to its mouth, about 188 miles, the river can be 
navigated by large vessels. For its last 100 miles, it is 
from 4 to 9 miles wide, and much of it very deep. The 
valley of the Tafiajos is bordt'red on both sides by bluffs. 
They are from 300 to 400 feet high along the lower river ; 
but, a few miles above Santarem, they retire from the 
eastern side and only iipproach the Amazon flood plain 
some miles below Santiiem. 

The Madeira has its junction with the Amazon 
870 miles by river above* Ru/i, and almost rivals it in 
the volume of its waters. It risers over 50 feet during 
the rainy season, and the largest ocean steamers 
may asceud it to the Fall of San Autouio, 663 miles 
above its mouth ; but in tin* dry months, from Juno to 
November, it is only navigable, for the same disttince, 
for craft drawing from 5 to 6 feet of water. According to 
the treaty of San Ildcd'onso, the Madeira (jommonces at the 
confluence of the GtL'i]M)ro with the Mamore. Both of thtise 
streams have tlicir h(‘ad waters almost in contact with 
those of the riv(*r Paraguay. Tlie idea of a connecting 
canal is based on ignorance of )o(«,l conditions. Sau 
Antonio is the first of a formidable 8(jries of cataracts and 
rapids, nineteen in number, which, for a river distance of 
263 miles, obstruct the upper course of the Madeira until 
the last raj)id, called Guajard Meriin (or Small Pebble), is 
reached, a little below the union of the Guapor6 with the 
MamorA The junction of the great river Beiii with the 
Madeira is at the “Madeira” Fall, a vast and grand 
display of reefs, whirlpools, and boiling torrents. Between 
Guajard- Merim and this fall, inclusive, the Madeira 
receives the drainage of the north-eastern slopes of the 
Andes, from Santa Cmz de la Sierra to Cuzco, the whole 
of the south-western slope of Brazilian Matto-grosso, and 
the northern one of the Chiquitos sierras, an area about 
equal to that of France and S[iaiii. The waters find their 
way to the falls c)f the Madeira by many great rivers, the 
principal of which, if we enumerate them from east to west, 
are the Guapord or Iteuez, the Baures or Blanco, the 
Itonama or San Miguel, the Mamore, Beni and Mayu- 
tata, or Madre de Dios, all of which are reinforced by 
numerous secondary, but powerful affluents. The OuaiMird 
presents many difficulties to continuous navigation ; the 
Baures and Itonama offer hundreds of miles of navigable 
waters through beautiful plains ; the Mamord has been 
sounded by the writer, in the driest mouth of the year, for 
a distance of 500 miles above Gua.jurd-Merim, and found 
never less than from 10 to 30 feet of water, with a current 
of from 1 to 3 miles an hour. Its Rio Grande branch, 
explored under the writer’s instructions, was found navig- 
able for craft drawing 3 feet of water to within 30 miles 


of Santa Cruz de la Sierra — a level sandy plain interven* 
ing. The Grande is a river of enormous length, rising in 
a great valley of the Andes between the important cities of 
Sucre and Cochabamba, and having its upper waters in 
close touch with those of the Pilcomayo branch of the great 
river Paraguay. \ It makes a long curve through the moun- 
tains, and, after a course of about 800 miles, joins the 
Mamord near 15“ S. lat. The Chapard, ^curd, and 
Chimord, tributaries of the Mamord, are navigable for 
launches up to the base of the mountains, to within 130 
miles of Cochabamba. The Beni has a fall, 18 miles 
above its mouth, called “La Ksperanza”; beyond this, 
it is navigable for 217 miles to the port of Reyes for 
launches in the dry season, and larger craft in the wet one. 
The extreme source of the Beni is the little river La Pfeiz, 
which rises in the inter-Andean region, a few miles south- 
e-ost of Lake Titicaca, and flows as a rivulet through the 
Bolivian city of La Paz. From this point to Reyes, the 
river is a torrent. The principal affluent of the Beni, 
and one which exceeds it in volume, enters it 120 miles 
above its mouth, and is known to the Indians along 
its banks as the Mayu-tata. Its ramifications drain the 
slopes of the Andes between 12“ and 15“ of latitude. 
It was long thought to bo a tributary of the Puriis, 
until the ill-fated Maldonado demonstrated that it be- 
longed to the Madeira river system. It is navigable, in 
the wet season, to the base of the Andes, to within 180 
miles of Cuzco. Its upper waters are separated by only 
a short transi table portage from those of the Ucayali. 
When, however, the river is low, it is obstructed by 
several shoals, and violent, but surmountable currents, and 
its middle course has two rapids, each with the usual 
“head, body, and tail.” It has sixty-three islands, great 
and small, from its mouth to its principal affluent, the 
Inambari, whicli joins it from the south, flowing along the 
base of the Andes. Its bed is definitively formed, its 
banks are solid, and the country it traverses is picturi'sque 
and frequently of exci‘eding beauty. All of the upper 
branches of the river Maderia find their way to the falls 
across the ojien, almost level Mojosand Beni plains, 35,000 
square miles of which are yearly flooded to an average 
depth of about 3 feet, for a ])eriod of from three to four 
months. They rival if they do not exceed in fertility the 
valley of the Nile, and are the healthiest and most inviting 
agricultural and grazing region of the basin of the Amazon. 

The PuRiis, a very sluggish river, eutcTs the Amazon 
west of the Madeira, which it parallels as far south as the 
falls of the latter stream. It runs through a continuous 
forest at the bottom of the great depression lying between 
the Madeira river, which skirts the edge of the Brazilian 
sandstone plateau, and the Ucayali, which hugs the base of 
the Andes. Chandless found its elevation above sea-level 
to bo only 107 feet 590 miles from its mouth. It is one 
of the most crooked streams in the world, and its length, 
in a straight line, is less than half that by its curv^es. It 
is practically only a drainage ditch for the half subiiKsrged, 
lake-flooded district it traverses. Its width is very uniform 
for 1000 miles up, and, for 800 miles, its dejith is never 
less than 45 feet. It is navigable by steamers for 1648 
miles as far as the little stream, the Curumahd, but only 
by light-draft craft. Chandless ascended it 1866 miles. 
At 1792 miles, it forks into two small streams. Occasionally 
a cliff touches the river, but in general the lands are sub- 
ject to yearly inundations throughout its course, the river 
rising at times above 50 feet, the numerous lakes to the 
right and loft serving as reservoirs. Its main tributary, 
the Aquiry or Acre, enters from the right about 1104 
miles from tlie Amazon. Its sources are near those of the 
Mayu-tata. It is navigable for a period of about five 
months of the year, when the Purds valley is inundated ; 
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and, for the remaining aeTen montl]^ only canoes can 
ascend it sufficiently high to communicate overland with 
the settlements in the great india-rubber districts of the 
Mayu-tata and lower Beni : thus these regions are forced 
to seek a canoe outlet for their rich products by the very 
dangerous, costly, and laborious route of the falls of the 
Madeira. 

The JubuA is the next great southern affluent of the 
Amazon west of the Puriis, sharing with this the bottom 
of the immense inland Amazon depression, and having all 
the characteristics of the Purils as regards curvature, 
sluggishness, and general features of the low, half-flooded 
forest country it traverses. It rises among the Ucayali 
highlands, and is navigable and unobstructed for a distance 
of 1133 miles above its junction with the Amazon. 

The Javaay, the boundary line between Brazil and 
Peru, is another Amazon tributary of importance. It is 
supposed to be navigable, by canoe, for 900 miles above 
its mouth to its sources among the Ucayali highlands, but 
only 260 have been found suitable for steam naviga- 
tion. The Brazilian Boundary Commission ascended it, 
in 1866, to the junction of the Shino with its Jaquirana 
branch. The country it traverses in its extremely sinuous 
course is very level, similar in character to that of the 
Jurud, and is a forested wilderness occupied by a few 
savage hordes. 

The Ucayali, which rises only about 70 miles north 
of Lake Titicaca, is the most interesting branch of the 
Amazon next to the Madeira. Peru has fitted out many 
costly and ably-conducted exj)edition8 to explore it. One 
of them (1867) claimed to have reached within 240 miles 
of Lima, and the little steamer N^ajio forced its way up the 
violent currents for 77 miles above the junction with the 
Pachitea river as far as the river Tambo, or Apurimac, 
770 miles from the confluence of the Ucayali with the 
Amazon. The Napo then succeeded in ascending the 
Urubaraba branch of the Ucayali 35 miles above its union 
with the Tambo, to a point 200 miles north of (hizco. 
The remainder of the Uruliamba, as shown by Bo.s(piet 
in 1806, and Castelnau in 1846, is interrupted by cas- 
cades, reefs, and numberless other obstacles to navigation. 
The Tambo, which ris(?s in the Vilciinota knot of moun- 
tains south of Cuzco, is a torrential stream valueless for 
commercial purj)Oses. The banks of the Ucayali for 500 
miles up are low, and, in the rainy season, extensively 
inundated. 

The Huallaoa, which joins the Amazon to the west 
of the Ucayali, rises high among the mountains, in 
about 10“ 30' S. lat., on the slopes of the celebrated 
Cerro do Pasco, For nearly its entire length, it is an 
impetuous torrent running through a succession of gorges. 
It has forty-two rapids, its last obstruction being the 
Pongo do Aguirre, so called from the traitor Aguirre, us ho 
passed there. To this point, 140 miles from the Amazon, 
the Huallaga can be ascended by large river steamers. 
Between the Huallaga and the Ucayali lies the famous 
“Pampa del Sacramento,” a level region of stonoless 
alluvial lands covered with thick, dark forests, first entered 
by the missionaries in 1726. It is about 300 miles long, 
from north to south, and varies in width from 40 to 100 
miles. Many streams, navigable for canoes, penetrate this 
region from the Ucayali and the Huallaga. It is still 
occupied by savage tribes. 

The river MABAf^oN rises about 100 miles to the north- 
east of Lima. It flows through a deeply-eroded Andean 
valley, in a north-west direction, along the eastern base of 
the Cordillera of the Andos, as far as 5“ 36' S. lat. ; then 
it makes a great bend to the north-east, and with irre- 
sistible power cuts through the inland Andes, until, at the 
Pongo de Manseriche, it victoriously breaks away from the 


mountains to flow onwards through the plains under the 
name of the Amazon. Barred by reefs, and full of rapids 
and impetuous currents, it cannot become a commercial 
avenue. At the point where it makes its great bend, the 
river Chinchipe pours into it from southern Ecuador. 
Just below this, the mountains close in on either side of 
the Marahon, forming narrows or pfongos^ for a length of 
35 miles, where, besides numerous whirlpools, there are no 
less than thirty-five formidable rapids, the series concluding 
with three cfitaracts just before reaching the river Imasu, 
or Chunchunga, near the mouth of which La Condamine 
eml)arked, in the 18th century, to descend the Amazon. 
Here, the general level of the country begins to decrease 
in elevation, with only a few mountain spurs, which, from 
time to time, push as far as the river and form poTtgos of 
minor importance, and less dangerous to descend. Finally, 
after jiassing the narrows of Guaracayo, the ceiToa gradually 
disapjriear, and, for a distance of about 20 miles, the river 
is full of islands, and there is nothing visible from its low 
banks but an immense forest-covered plain. But the last 
barrier has yet to be passed, the Pongo de Manseriche, 
3 miles long, just below the mouth of the Kio Santiago, 
and betw'oon it and the old alwindoned missionary station 
of Borja, in 38' 30' IS. lat. and 77“ 30' 40" W. long. 
According to Captain Carliajal, who descended it in the 
little steamer ^apo in 1868, it is a vast rent in the 
Andes about 2000 feet deep, narrowing in places to a 
width of only 100 feet, the precipices “seeming to close 
in at the top.” Through this dark canon, the Marahon 
leaps along, at times, at the rate of 12 miles an hour.^ 
From the northern slope of its basin, the Amazon receives 
many tributaries, but their combined volume of water is 
not nearly so great as that contributed to the parent stream 
by its affluents from the south. That jiart of Brazil lying 
lietweeu the Amazon and French, Dutch, and British 
Guiana, and bounded on the west by the Kio Negro, is 
known as Brazilian Guiana, It is the southern \NaU»rshed 
of a tortuous, low chain of mountains miming, roughly, 
east and west. Their northern slope, which is occiijiied by 
the three Guianas first named, is saturated and nver-torn ; 
but their southern one, Brazilian Guiana, is ui general 
thirsty and semi-barren, and the driest region of the 
Amazon valley. It is an area w^hich has been left almo.st 
in the undisturbed jiossession of nomadic Indian tribes, 
whose scanty numbers find it difficult to sohe the food 
problem. From the divoriium aqvarum between French 
Guiana and Brazil, known as the Tuimic-huiiiuc range of 
highlands, two minor streams, the Yary and the Paron, 
reach the Amazon across the intervening broken and 
Imrren tableland. They are full of rujiids and reefs. 

The Trom BETAS is the first river of importance we meet 
on the northern side as w^e aseoiid the Amazon. Its con- 
fluence with this is just above the town of Obidos. It has 
its sources in the Guiana highlands, but its long course is 
frequently intermpted by violent currents, rocky liarriers, 
and rapids. The inferior zone of the river, as far uji as 
the first fall, the Porteira, has but little broken w’ater and 
is low and swampy ; but above the long series of cataracts 
and rapids the character land aspect of the valley com- 
pletely change, and the climate is much better. The river 
is navigable for 135 miles above its mouth. 

The Negro, the great northern tributary of the Amazon, 
has its sources along the watershed between the Orinoco 
and the Amazon basins, and also connects with the 
Orinoco at one point. Its main affluent is the Uaiipes, 
which disputes with the headw'aters of the Guaviari 

^ One of the mobt daring deeda of exploration ever known in South 
America was done by the engineer A. Wertlionion. He fitted out 
three rafts, in August 1870, and deacendod this whole series of rapids 
and cascades from the Rio Chinchipe to Sorjo. 
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branch of the Orinoco the drainage of the eastern slope 
of the oriental " Andes of Colombia. The Negro is 
navigable for 450 miles above its mouth for 4 feet of 
water in the dry season, but it has many sandbanks and 
minor difHculties. In the wet season, it overflows the 
country far and wide, sometimes to a breadth of 20 miles, 
for long distances, and for 400 miles up, as far as Santa 
Isabella, is a sufcession of lagoons, full of long islands 
and intricate channels, and the slojje of the country is so 
gentle that the river has almost no current. But just 
before re-aching the Uau]ies there is a long scries of reefs, 
over which th»' river violently flows in cataracts, rapids, and 
whirlpools. The IJaupes is full of similar obstacles, some 
flfty rapids barring its navigation, although a long stretch 
of its upper course is said to be free from them, and to 
flow gently through a forested country. Despite the 
impedimeiits, canoes ascend this stream to the Andes. 

The Jirwtwo is tiie principal aflluont of the Kegro from tho north ; 
it iH enriched l)y many stroama from the siorraa wliich separate 
Venozuola and Britiah Guiana from Brazil. Its two upper main 
tribiitarios are the Uraricuora and thcTaqutd. Tlie latter almost 
links its sources with those of the Essoquibo. The Branco flows 
nearly south, and finds its way into the Negro through several 
channels and a chain of lagoons similar to those of the latter 
river. It is 350 miles long, up to its Ururicuera confluence. It 
has numerous islands, and, 235 miles above its mouth, it is 
broken by a bad senes of rapids. 

Tho YapurA. West of the Negro tho Amazon re- 
ceives three more imjiosing streams from the north-west 
— the Yapurd, the l 9 ii or iHitumayo, and tho Najjo. The 
first was formerly known as the Hyapora, but its Brazilian 
part is, now called tho Yapurfi, and its Colombian portion 
tho Caquetd. Banlo do Marajo gives it 600 miles of 
navigable stretches ; but Orevaux, who descended it, de- 
scribes it as a frightful river- -forests, jungles, rapids, 
cataracts, torrential rains, canuilials, and fevers throughout 
its cour.se. It rises in the Colombian Andos, nearly in 
touch with the sources of the Magdalena, and augments 
its volume from many branches as it courses through 
Colombia, It was long supposed to have eight mouths ; 
but lliboiro de Sanii)aio, in his voyage of 1774, determined 
that there was Imt one real mouth, and that th(j supposed 
others are all//4ro« or cafios. In 1864-68, tho Brazilian 
Government made a soniewliat careful examination of the 
Brazilian j)art of tho river, as far up as tho rapid of 
C^upaty. Several very easy and almost complete water- 
routes exist between the Yapiird and Negro across the 
low, flat intervening country. Barao do Marajo says there 
are six of them, and one wliich connects the upi)or Yapurd 
with the Uaupes branch of the Negro; thus the Indian 
tribes of tho respective valleys have facile contact with 
each other. 

The IcA, or Putumayo, west of and parallel to the 
Yapurd, was found more agreeable to navigate by Crevaux. 
lie ascended it iii a stcjamer drawing 6 feet of water, an<l 
running day and night. He reached Cuemby, 800 miles 
above its mouth, without finding a single rapid. Cuemby 
is only 200 miles from the Pacific Ocean, in a straiglit 
lino, passing through the town of Pasto in southern 
Colombia. There was not a stone to be seen up to tho 
ba.se of the Andes ; the river l)auk8 were of argilladbous 
earth and the bottom of line sand. 

The Napo rises on the flanks rif the volcanoes of Anti- 
sana, Siricholagua, and Cotopaxi. Before it reaches the 
jilains, it receives a great number of small streams from 
impenetrable, saturated, and much broken mountainous 
districts, where the dense and varied vegetation seems to 
tight for every square foot of ground. From tho north, 
it is joined by the river Coca, having its sources in 
the gorges of Cayambe on the equator, and also a power- 
ful river, the Aguorico, having its headwaters between 


Cayambd and the Colombian frontier. .From the west, it 
receives a secondary tributary, the Curaray, from the 
Andean slopes, between Cotopaxi and the volcano of 
Tunguragua. From its Coca branch to the mouth of the 
Curaray, the Napo is full of snags and shelving sand* 
banks, and throws out numerous cafios among jungle- 
tangled islands, which in the wet season are flooded, 
giving the river an immense width. From the Coca to 
the Amazon, it runs through a forested plain where not a 
hill is visible from the river — its uniformly level banks 
being only interrupted by swamps and lagoons. From 
the Amazon, the Napo is navigable for river craft up to 
its Curary branch, a distance of about 216 miles, and 
{)6rhaps a few miles farther; thcnco, by painful canoe 
navigation, its upper waters may I)e ascended as far as 
Santa llosa, the usual point of embarkation for any 
venturesome traveller who descends from the Quito table- 
land. The Coca river may be |jenetrated as far up as its 
middle course, where it is jammed between two mountain 
walls, in a deep cafion, along which it dashes over high 
falls and numerous reefs. This is the stream made famous 
by the ex|)odition of Gonzalo Pizarro. 

The Nanay is the next Amazon tributary of importance 
west of the Naj)©. It belongs entirely to the lowlands, 
and is very crooked, has a slow current, and divides much 
into cafios and strings of lagoons which flood the flat, low 
areas of country on either side. It is simply the drainage 
ditch of districts which are extensively overflowed in the 
rainy season. Captain Butt ascended it 195 miles, to near 
its source. 

Tho Tiork is tho next west of tho Nanay, and is navig- 
able for 1 25 miles from its confluence with the Amazon. 
Like the Nanay, it belongs wholly to the plains. Its 
mouth is 42 miles west of the junction of the Ucayali 
with the Amazon. Continuing west from the Tigre 
we have the Parinari, Chambira, and Nucuray, all short 
lowland streams, resembling the Nanay in character. 

Tho Pastaza is the next large river we meet. It rises 
on the Ecuadorian tableland, where a branch from the 
valley of Riobamba unites with one from the Lataciinga 
basin and breaks through the inland range of the Andes ; 
and joined, afterwards, by several important tributaries, 
finds its way south-east among tho gorges ; thence it turns 
southward into the plains, and enters the Amazon at a 
point about 60 miles west of the mouth of the Huallaga. 
»So far as known, it is a stream of no value except for 
canoci navigation. Its rise and fall arc rai)id and un- 
certain, and it is shallow and full of sandbanks and snags. 

The Mokona. flows {larallel to the Pastaztx and immedi- 
ately to the west of it, and is the last stream of any 
imjiortance on the northern side of the Amazon before 
reaching tho Pongo do Manseriche. It is formed from a 
multitude of water-courses which descend the slopes of tho 
Ecuadorian Andes south of the gigantic volcano of Bangai; 
but it soon reaches tho plain, which commences where it 
receives its Cusulima branch. The Morona is navigable 
for small craft for about 300 miles above its mouth, but 
it is extremely tortuous. Canoes may ascend many of its 
brandies, esijccially tho Cusulima and the Miazal, the 
latter almost to tho base of Bangai. The Morona has 
been the scene of many rude explorations, with the hope 
of finding it serviceable as a commercial route between the 
inter-Andean tableland of Ecuador and the Amazon river. 
A river called the Paute dashes through the Eastern Andes 
from the valley of Cuenca ; and a second, the Zamora, has 
broken through the same range from the basin of Loja. 
Bwollou by their many aflluents, they reach the lowlands 
and unite their waters to form the Santiago, which flows 
into the Maranon at the head of the Pongo de Manseriche. 
There is but little known of a trustworthy character re- 
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garding thu river, but Wolf says that it is probably navig- 
able up to the jtmction of the Paute with the Zamora. 

The Main Mvver. 

The Amazon Main Riveb is navigable for ocean 
steamers as far as Iquitos, 2300 miles from the sea, and 
486 miles higher up for vessels drawing 14 feet 
of water, as far as Achual Point. Beyond that, 
Mica* according to Tucker, confirmed by Wertheman, 
it is unsafe; but small steamers frequently 
ascend to the Pongo de Manseriche, just above Achual 
Point. The average current of the Amazon is about 3 
miles an hour ; but, especially in flood, it dashes through 
some of its contracted channels at the rate of 5 miles. 
The U.S. steamer WUmingicn ascended it to Iquitos in 
1899. Commander Todd reports that the average depth 
of the river in the height of the rainy season is 120 feet. 
It commences to rise in November, and increases in 
volume until June, and then falls until the end of 
October, The rise of the Negro branch is not syn- 
chronous; for the steady rains do not commence in its 
valley until February or March. By June it is full, and 
then it begins to fall with the Amazon. According to 
Bates, the Madeira “ rises and sinks ” two months earlier 
than the Amazon. The Amazon at times broadens to 
4 and 6 miles. Occasionally, for long distances, it divides 
into two main streams with inland, lateral channels, all 
connected by a complicated system of natural canals, 
cutting the low, flat igapo lands, which are never more 
than 15 feet above low river, into almost numberless 
islands. At the narrows of Obidos, 400 miles from the 
sea, it is compressed into a single bed a mile wide and 
over 200 feet deep, through which the water rushes at the 
rate of 4 to 5 miles an hour. In the rainy season it 
inundates the country throughout its course to the extent 
of several hundred thousand square miles, covering the 
flood-plain, called mrgem, Tlie flood-levels are in places 
from 40 to 50 feet high alK)ve low river. Taking four, 
roughly e(]uidistant places, the rise at Iquitos is 20 feet, 
at Teif6 45, near Obidos 35, and at Pard 12 feet. 

The first high land met in ascending the river is on the 
north bank, opposite the mouth of the Xingd, and extends 
t for about 150 miles up, as far as Monte Alegre. It is a 
series of steep, table-topped hills, cut down to a kind of 
terrace which lies between them and the river. Monte 
Alegre reaches an altitude of several hundred feet. On 
the south side, above the Xingii, a line of low bluffs ex- 
tends, in a series of gentle curves with hardly any breaks 
nearly to Santarein, but a considerable distance inland, 
l)ordering the flood plain, which is many miles wide. 
Then they bend to the south-west, and, abutting ujKin the 
lower Tapajos, merge into the bluffs which form the terrace 
margin of that river valley. The next high land on the 
north side is Obidos, a bluff, 56 feet above the river, backed 
by low hills. From Serpa, nearly opposite the river 
Madeira, to near the mouth of the liio Negro, the banks 
are low, until approaching MauS.us, they are rolling hills ; 
but from the Negro, for 600 miles, as far up as the 
village of Canaria, at the great bend of the Amazon, only 
very low land is found, resembling that at the mouth 
of the river. Vast areas of it are submerged at high 
water, above which only the ujq^er part of the trees 
of the sombre forests appear. At C'anaria, the high land 
commences and continues as far as Talxitinga, and thence 
up stream. 

On the south side, from the Tapajos to the river 
Madeira, the banks are usually low, although two or three 
hills break the general monotony. From the latter river, 
however, to the Ucayali, a distance of nearly 1500 miles, 
the forested banks are just out of water, and are inundated 


lor^ before the river attains its maximum flood-line. 
Thence to the Huallaga the elevation of the land is some- 
what greater ; but not until this river is passed, and the 
Pongo de Manseriche approached, does the swelling ground 
of the Andean foot-hills raise the country above flood- 
level. 

The Amazon is not a continuous incline, but probably 
consists of long, level stretches connected by short inclined 
planes of extremely little fall, sufiicient, however, o^\ing 
to its great depth, to give the gigantic volume of water a 
continuous impulse towards the ocean. The lower Amazon 
presents every evidtmee of liaving once lieen an ocean bay, 
the upper waters of which washed th<* clifls n(‘ar Obidos. 
Only al)out 10 per cent, of the water discharged by the 
mighty stream enters it belour Obidos, very little of which 
is from the northern slope of the valley. The drainage 
area of the Amazon basin alK)ve Obidos is about 1,945,000 
square miles, and, Ixtlow, only about 423,000 square miles, 
or say 20 per cent., exclusive of the 351,000 square miles 
of the Tocantins basin. 

The width of the mouth of the monarch river is usually 
measured from Cabo do Norte to Punto Patijoca, a distance 
of 207 statute miles ; but this includes the o(^ean outlet, 
40 miles wide, of the PaiA river, which should bo de- 
ducted, as this stream is only the low'cr reach of the 
Tociintins. 

Following the coast, a little to the north of Cabo do 
Norte, and for 100 miles along its Guiana margin up the 
Amazon, is a belt of lialf- submerged islands and shallow 
sandbanks. Here the tidal phiinomenon called the hore^ 
or Pororoca, occurs, where the soundings are not over 4 
fathoms. It commences with a roar, constantly increasing, 
and advances at the rate of from 10 to 15 miles an 
hour, with a breaking wall of water from 5 to 12 feet 
high. Under such conditions of warfare between the 
ocean and the river, it is not surprising that the former ia 
rapidly eating away the coast and that the vast volume of 
silt carried by the Amazon finds it imiwssible to build up a 
delta. 

The Amazon is not so much a river as it is a gigantic 
reservoir, extenditig from the sea to the base of the Andes, 
and, in the wet season, varying in width from 5 to 400 
miles. B|)ecial attention has already been called to the 
fourteen great streams which discharge into this reservoir, 
but it receives a multitude of secondary rivers, whicli in 
any other part of the world would also bt‘ termed great. 

For 350 years after the discovery of the Amazon, by 
Pinzon, in 1500, the Portuguese portion of its basin 
remained almost an undi8turlx)d wilderness, 
occupied by Indian tribes whom the food quest tion, indc, 
had split into countless fragments. It is doubt- 
ful if its indigenous inhabitants ever exceeded one to 
every 5 square miles of territory, this being the maxi- 
mum it could 8U])port under the existing conditions of 
the period in question, and taking into account Indian 
methods of life. A few settlements on the banks of tlio 
main river and some of its tributaries, either for tiado 
with the Indians or for evangelizing puriioses, liad 
lieen founded by the Portuguese pioneers of European 
civilization. The total {xipulation of the Brazilian portion 
of the Amazon basin in l^^^)0 was perhaps 300,000, of 
whom alx)ut two-thirds were white and slaves, the latter 
numbering alxiut 25,000. The principal commercial city, 
Pard, luid from 10,000 to 12,000 inkibitiints, including 
slaves. The town of Manfios, at the mouth of the Bio 
Negro, had from 1000 to 1500 jiopulation ; but all the 
remaining villages, as far up as Taluitinga, on the Brazilian 
frontier of Peru, wore wretched little groups of houses 
which appeared to have timidly eff(*cted a lodgment on the 
river bank, as if they feared to challenge the mysteries of 
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the sombre end gigantic forests behind them. The valvLe 
of the export and import trade of the whole valley in 1850 
was but £500,000. 

On the 6th September 1850, the great emperor, Dom 
Pedro II., sanctioned a law authorizing steam navigation 
on the Amazon, and confided to an illustrious Brazilian, 
Barilo Maud (Irineu Evangilista de Sousa), the task of 
carrying it into effect. He organized the “ Compania de 
Naviga^ilo e Comniorcio do Amazonas ** at Bio de Janeiro 
in 1852 ; and in the following year it commenced oi)crar 
tions with three small steamers, the Monarchy the Marajo^ 
and Eio Negro, At first, the navigation was principally 
confined to the main river ; and even in 1857 a modifica- 
tion of the (Government contract only obliged the company 
to a inontlily service between Pard and Manaos, with 
steamers of 200 tons cargo ca])acity, a scjcoud line to 
make six round voyages a year between Manaos and 
Talwitiiiga, and a thir(l, two trips a month between Pard 
and Cametd. The (Government i)aid the company a sub- 
vention of £3935 monthly. Thus the first impulse of 
modern progress was given to the dormant valley. The 
snccess of the venture called attention to the unoccupied 
field ; a B«MMmd company soon opened commerce on the 
Madeira, Puriis, and Negro; a third established a line 
between Pard and Manuos ; and a fourth found it profit- 
able to navigate sonws of the smaller streams ; while, in the 
interval, the Amazonas CoiniMiny had largely increased its 
fine fleet. Mtianwhile private individuals were building 
and running small steam craft of their own, not only upon 
the main river but upon many of its affluents. The 
Oovornment of Brazil, c^ousbiutly pressed by the maritime 
powers and by the countries encircling the uj)per Amazon 
basin, decreed, on the 31st July 1867, the ojaming of the 
Amazon to all flags ; but limited this to certain defined 
points — Tabatinga, on the Amazon; Cametd, on the 
Tocantins; Santaremi, on the Taiwijos; Bor)>a, on the 
Madeira ; Manaos, on the Itio Negro ; the decree to take 
effect on 7th Septeinlier of the same year. Pard is 
now a city of over 100,000 inlmbitants, Maniios has 
about 40,000, and the P(*ruvian town of Itjuitos, 10,000. 
In 1898 there entered the port of Pard 503 ocean steamers 
and 123 sailing Hhii)s — a total of 610,597 tons; and in 
1899 the entries of English ocean-going ships reached 
314,646 tons rcgist(*r. The first direct foreign trade with 
Manaos was commenced about 1874. There is now a 
regular service of two English, one Italian, and one 
I’ortuguese line — a total of 35 steamships, rejiresenting 
52,953 tons register. Tlicre is also a Brazilian line of 
seven ships, of 1999 tons each, running Ixjtween Manaos 
and Hio de Janeiro. 

The local trade of the river is carried on by the Eng- 
lish successors to the Amazonas Company — the Amazon 
Steam Navigation Company —with 29 steamers, aggregating 
9184 registered tons. In addition to its excellent fleet, 
there are 150 small rivc'r steamers belonging to compinies 
and firms in the rublxsr trade, and 12 of from 150 to 300 
tons each, luvigating tin* Negro, Madeira, and l^riis rivers. 
I'he principal exi>orts ot the valley are india-rubber, cacao, 
Brazil nuts, and a few other products of very minor im- 
portance. The india-rubber yield is now from 25,000 to 
26,000 tons yearly. Tlit‘ finest quality comes from the 
Acre and Beni districts ol Bolivia, (»siH'eially from the valley 
of the Acre (or Aijuiry) branch of the river Puriis. The 
yield of these for 1898 was 3151 tons, of which 2000 
tons was the official estimate of the jiroduct of the Acre 
district ; for 1 899, it was ] 1 50 tons ; and for the first 
eleven months of 1900 it was only 791 tons, the decrease 
being due to the recent unsuccessful attemjit of the rubber 
collectors to segregate the region of the Acre from Bolivia 
and form a separate republic. Of the rubber production 


of the Amazon basin, the State of BarA gives about 40 per 
cent. The cocoa tree is not cultivated, but grows wild in 
great abundance. The quantity exported for 1899 was 4054 
tons. There is but one railway in the whole valley. It 
runs from Par4 towards the coast and is 65 miles long. 
The cities of Pari and Manaos have excellent tramways, 
many fine public buildings and private residences, gardens 
and public squares, all of which give evidence of artistic 
taste and great prosperity. The import dues collected at 
the port of Pari in 1899 by the national Government 
amounted to £844,000. The revenues of the State of 
Amazonas for the same year were nearly £750,000, of 
which £476,000 were derived from export duties. 

The number of inhabitants in the Brazilian Amazon 
basin (the States of Amazonas and Pari) is purely a matter 
of rough estimate. There may be 500,000 or 600,000, or 
more ; for the immigration, daring recent years, from the 
other parts of Brazil has been large, due to the rubber 
excitement. The influx from the State of CearA alone, 
from 1892 to 1899 inclusive, reached 98,348. 

As Commander Todd, in his rejxirt to the United States 
Government, says : “ The crying need of the Amazon valley 
is food for the people. ... At the small towns along the 
river it is nearly impossible to obtain beef, vegetables, or 
fruit of any sort, and the inhabitants depend largely ui)on 
river fish, mandioc, and canned goods for their subsistence. 

, . . The ship’s conqiany lived, the greater part of the 
time, uj>on the regular sea ration, and any ship ascending 
the Anuxzon should be well supplied with its own provisions, 
as it is impossible to live upon the country.” Although 
400 years have passed since the discovery of the Amazon 
river, there are prolmbly not 20 square miles of its basin 
under cultivation, excluding the limited and rudely 
cultivated areas among the mountains at its extreme head- 
waters, which are inaccessible to commorco. The extensive 
exports of the miglity valley are entirely derived from the 
pii^ucts of the forest. (a. e. c.) 

AmazonaSy the largest state of Brazil, in the ex- 
treme west of the Republic, has an area of 732,250 square 
miles. The population in 1872 was 56,610, and in 1890 
147,915, of whom nearly two-thirds were Indians, The 
ca]>ital, Manaos, at the mouth of the Hio Negro, has a 
population of 30,000. The chief towns are Teffe, Ita- 
coatiara (or Serpa), Pariutins, Godajaz, and San Gabriel. 
(See also under Amazon.) 

AmazonaSp an interior department of northern 
Peru, with an area of 13,943 square miles and a popula- 
tion ofllciolly estimated at 70, 676 in 1 896. It is subdivided 
into three provinces, Bongara, Luya, and Chachapoyas ; 
the principal town, Chaehapoyas, has a population of 6000. 

Ambala. See Umealla. 

Amba Mariam. See Abyssinia. 

Amborgfi a town of Bavaria, Germany, district 
Upper Palatinate, 42 miles E. from Nuremberg by rail. 
The manufacture of stoneware, zinc goodt^ and colours is 
carried on, A former Jesuit monastery is now used for a 
grammar school and seminary. There are a pilgrimage 
church, on a hill 1621 ft. high, a large convict prison for 
men, an industrial and commercial school, tkc. Poimlation, 
15,812 (1885); 20,200 (1895); 22,039 (1900). 

Amblosid0y a market-town in the Appleby parlia- 
mentary division of Westmoreland, England, a mile from 
the north end of Windermere. Recent erections are a 
preparatory School for the novitiate of St Norbert^s 
Home and assembly rooms. Bobbins arc manufactured, 
and in the neighbourhood are slate quarries. Area of 
|)arish (an urban district), 4421 acrea Population in 
1881, 1989; in 1891, 2360; in 1901, 2536. 
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Amboynaf a Dutch colony and residency in the 
east of the ]^t Indian archipelago, which shares with 
the residency of Temate the ^ministration of the 
Moluccas, the previous Government of which was al)olish<id 
in 1867. The residency includes a mass of islands in the 
Banda Sea (2“ 30'^* 20' S. and 126’ 45'-135“ E.) and 
is now divided for administrative purposes into nine 
districts (afdedingen)\ 1, Amboyna, the island of that 
name ; 2, ^parua, with Oma and Nusa Laut ; 3, Kajeli 
f Eastern Bum) ; 4, Masaroti (Western Bum) ; 5, Kairatu 
Western Ceram); 6, Wahai (the northern part of Mid- 
Ceram); 7, Amahai (the southern part of Mid-Ccrain); 
8, The Banda Isles, with East Ceram, Ceram ijiut, and 
Goram; 9, The islands of Am, K6, Timor Laut or 
Tinimber, and the south-western islands. Since 1874 
several residents (Riedel, van Hoevell, (ire., see lielow) 
have contributed to the geography and ethnography of 
various groups. The population of the residency (area, 
about 19,840 square miles) was estimated in 1898 at 
295,768 (natives 291,763, Europeans 2346, Chinese 913, 
Arabs 722, other foreigners 24). The products and 
means of subsistence in the different groups of islands vary, 
the culture of cloves being mainly conlined to Banda and 
Amboyna ; shipbuilding and the timber trade to the Ke 
islands ; the extraction of cajuput oil to Bum. The ship- 
ping, fisheries, and trade are unimportant and generally 
declining. 

See van Uoevell, Amhmi en dt Eliafter (Dordrecht, IS?.'*). — 
Rirdkl, De sluik-en kroesharige rassen tmschen Scldtes en J*apiui 
^ (don Haag, 1886 ). — Maiitun, Itenten in den Molukken (Loulon, 

1894 ). 

Amboyna. (Dutch Amhon\ the chief island and 
town of the above residency. The former, lying between 
3* 28'-3’ 48' 8. and 127” 58'^128” 26' E., is the last of a 
series of volcaajp isles which form an inner circle in the 
archipelago Mpd the Banda Sea (Martin). The highest 
mountains, Wa^ni (3609 feet) and Salhutu (4020 feet), 
have hot springs and solfataras. They are considered 
to be vohianoes, and the mountjiins of the ncjighbouring 
Uliasser islands tlu! remains of volctinoos. Granite and 
serpentine rocks predominate? ; but the shores of Amboyna 
bay are of chalk, and contain stalactite caves (the chief, 
Batu Lobang). The surface is fertihj, the rivers are small 
and not navigable, and the roads are mere foot|mths. Cocoa 
is one of the products. The j)opulation (estimated at 
30,000) is divided into two classes — oramj larger or 
citizens, and orang negri or villagers, the former being a 
class of native? origin enjoying certain privileges conferred 
on their ancestors by the old Dutch J^kst India Comimny. 
The chief town and seat of the resident and military com- 
mander of the Moluccas is protected by Fort Victoria, a 
clcjan little town with wide streets and numerous schools 
and churches. Agriculture, fisheries, and trade furnish the 
chief moans of subsistence. The combined value of the 
oxj)ort8 and imports of late years has been about £85,000 
(£83,333 literal conversion). The population is about 
8000 (788 Europeans, 696 Chinese, 351 Arabs, 6218 
natives). 

Ambriz. See Angola. 

AmbrOSlMtor. — A commentary on St Riul’s 
Epistles, “brief in words but wreighty in matter,” and 
valuable for the criticism of the Latin text of the New 
Testament, was formerly but erroneously attributed to St 
Ambrose ; and its author is usually s])oken of as Ambrosi- 
aster or pseudo-Ambrose. In modiun days it has been 
ascribed to almost every known Hilary (owing to the fact 
that St Augustine cites it os by “ Sanctus Hilarius ”), and 
to many other writers ; above all to Hilary the Roman 
deacon and (by Langen) to the presbyter Faustinas. 


Dom Morin has lately argued, with very great plausibility, 
that the author was one Isaac the Jew, who became a 
Christian and joined the party of the anti-pope Ursinus, 
and was instigated by them to make criminal charges 
against Pope Damasus. These were ultimately dismisi^, 
and Isaac was exiled to Si>ain 378-380. In 380 he re- 
lapsed to Judaism ; and nothing appears to be known of 
his later life. 

Dom Morin first shows that none of the earlier attempts to 
identify Ambrosiastcr can be accepted as satisfactory ; that the 
Quaestioim Velaria et Novi Teskmenti formeily ascrilHul to Augus- 
tine are also his (the attempt of C. Marofd to disprove this 
briiaking down entirely) ; that ho wrote between 374 and 884 A. i>., 
and that he lived and wrote at Rome, 'i'iion he couqiaros the 
Quaealionea and Cominentarid with the little tract of Isaac the Jew 
on the Trinity and Incarnation, and with un incomplete Ejiy^silto 
Fidci printed by Caspari {KirchenhisL AivecdoUiy 304 f), which, if 
not part of the same work, is nearly allitul to it ; and the com- 
parison shows how close their liteiary and theological affinities 
are. Next, Ambrosiaster’s wiitings are shown to contain just 
such charocteristii'S as might bo expectetl from Isaac the Jew: a 
captions spirit of reform, exact knowledge of Judaism, and a 
legalist tomiierament ; w'hilst there is no insuperable ob]ection to 
such authoisliip. And lastly, the later liistory of Isaac would 
account hr the subso(|uent uncertainty as tu the authorship of the 
writings. 

See G. Morin. ‘ ‘ 1/ Ambrosiastcr et le jiiif convert! Isaac ” in Eevm 
d%iatoire et de htt&rature reltgiciutest tom. iv. 97 f. Paris, 1899. 
— Arnold. Art “ Ambrosiaster ” m ller/og-Hauck, 
klopadie /dr protestantiacJte Thenlog-ie^ i. 441. Leipzig, 1896. — ^J. 
Lanokn. GeachieJUe der royniachen Kirche^ x. 600 f. Bonn, 1881, 

(W. E. Co) 

AmbulftnCOa — Medical organization for military 
field service comprises all the arrangements for the care 
and treatment of the sick and wounded from the tune 
they are injured or taken ill till they are able to return to 
duty or are invalided home. In the British service, not 
only land transport but hospital ships are required. The 
working of the system is as follows (the of a soldier 
wounded in action in South Africa being taken as an 
example). When he falls he is attended by the regimental 
surgeon and stretcher-bearers, who a]>ply some extemporized 
method of stopping bleeding and dress the wound w^ith the 
dressing — a packet of antisejitic appliances — which every 
fighting man carries stitched into the inside of his tunic, 
and which contains all things neet'ssary for dressing and 
bandaging an ordinary gunshot wound. From the field 
he is carried on a stretcher by tlu^ men of the bearcT com- 
pany of the liojal Army ]\Iedieal Corps to the collect- 
ing station, whin-e lie is plti,cc'd in an amlmlance w^aggon 
of the first line of assistance and taki'ii to the dressing 
station. Here his wound will be exaiiiiiied, any ofieration 
urgently required will be fjerfonued, and a specification tally 
stating the nature of the injury and any other important 
facts eA)nnectt»d with the e.asii wrill l>e attached to him 
(if this has not already been done by the legimeutal sur- 
geon), in order to avoid the distuibance and jiain of 
repeated examinatious. After this, and i)erhaps the ad- 
ministration of nourishments, stimulants, or oinates, the 
patient is moved to the field hosj»ital in an ambulance 
waggon of the second line of assistant'. Fiom the field 
hospital he is transferred as soon as ])ossible by the 
ambulance tiuin to a giuieral hospital at the advanced liaso 
of operations, and from there in due time in another train 
to the base of (qierations at the coast, from which he is 
ultimately either leturned to duty or sent Iiome in a 
hospital shij). 

The (organization by which these requiioments are ful- 
filled is the follow'] ng • — ]'>ery regiment and fighting imit 
has posted to it, on |)ioct*(odiug on active service, a medical 
officer who looks after the h(‘alth of the men and advises 
tho commanding officer on sjiuitary matters. When the 
regiment goes into action ho takers coinniand of tho regi- 
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mental atretcher-bearers to the number of two per company 
who have previously been instructed in first aid and in the 
carrying of the wounded on stretchers. These men leave 
their arms behind and wear the Red Cross armlets so as to 
be under the protection of the Gk)neva Convention, but 
when a battle takes the form of magazine rifie fire, bon- 


Pio. 1.— -Typo of British Army Ambulance. 

tinned for many hours without either side advancing or 
retiring much, it may not bo the fault of the enemy that 
the bearers and mi'diral officers are sometimes shot in 
attending to the wounded. 

The bearer company, into whose charge the woumled 
man next jiasscs, is composed of three officers, thirteen 
non-commissioned officers, and forty-eight privates of the 
Royal Ai-niy Medical Corps, with a detachment of the 
Army Service Corps for transport duties. There is one 
such bearer company to every brigade, and six to an army 
corps, and their duties are to collect and succour the 
wounded on the battlefield, handing them over to the 
field hospitals, with which the companies are closely 
associated, though sejiarately organized. In the Indian 


army the bearer C 9 m])any is provided tent, from the 
personnel of the field hospital when there is a battle, and 
then reverts to thti hospital again after it is over. The 
teaching of tlie South Africjin war rather points to the 
advantage of the Indian plan, for after action the bearer 
comiMiny personnel should be available to give the much- 
needed help in the work of thci field hos])ital. The bearers 
afford the wounded any treatment necessary, supply water 


and sedatives, and >then carry them back on stretchers to 
the collecting station in the rear, whence they are conveyed 
to the dressing station in waggons or other[fonn of trans- 
port (mule cacolets or litters in mountainous districts 
where wheeled carriages cannot go, camel cacolets and 
litters in the Sudan, dhoolies or Lushai dandies in India, 
hammocks on the West Coast of Africa, or 
sedan chairs in China). Cacolets are seats 
slung on each side of a pack saddle. British 
ambulance waggons (Figs. 1, 3), which are 
built very strongly to stand rough roads, are 
of several patterns. They have been reported 
upon as heavy and uncomfortable in the 
^uth African war, and they can only carry 
two men so seriously wounded as to have to 
lie down, besides those seated; but a new 
vehicle has been tried which will convey four 
cases lying down as well as six seated, or 
fourteen all seated. All i)atterns of waggons 
weigh from 17^ to 18^ cwt. At the dressing 
station — which ought to be out of range of 
the firing, and near a good water supply — the 
patient is made as comfortable as possible ; 
nourishment and stimulants are administered, 
and he is then taken to the field hospital. 
There is one field hospital to each brigade, 
but since in larger organizations extra accom- 
modation is requii'ed for the corps troops not 
included in brigades, such as the ammunition 
supply columns, balloon and bridging detach- 
ments, &c., the total numb(T of field hospitals for an 
army corps (roughly sj)oakiiig 40,000 men) is ten. In 
times of great stress when it is desirable to remove the 
wounded quickly from the field, and there are no roads, or 
wheeled transport is not obtainable, it is becoming the 
custom to employ bearers in large numbers, temporarily 
engaged, whom a little training will render fairly 
efficient for the purpose. This was done in Katel at the 
battle of Hpion Kop, and also in the Egyptian campaigns, 
where the local troops not required for the fighting lino 
were requisitioned, and the arrangement was in both in- 
stances considered successful. 

In India the rank and file of the Royal Army Medical 
Corps are not employed, the bearer work being carried out 
by natives called kahars, sjiecially enlisted. 
These men are Ix^arors by caste, and are 
most expert in carrying the dhoolies and 
dandies which are used instead of stretchers 
— except those used by the regimental (Euro- 
pean) stretcher-bearers — and their courage 
on the battlefield is the admiration of all 
beholders. The same remark applies to the 
bheesties or water-carriers, who also accom- 
pany the troops into action. The ambulance 
organization of the army in India thus 
differs materially from that elsewhere. The 
main difference is that, as already stated, 
the rank and file of the Royal Army Medical 
Corps are not employed, although the com- 
missioned officers are. The warrant and 
non-commissioned ranks are replaced by a 
most useful body of men of Anglo-Indian 
or Eurasian birth called the Subordinate Medical Depart- 
ment, the members of which, now called assistant 
surgeons, formerly apothecaries, receive a three 
years' training in medical work at the Indian OrgmaiMm^ 
universities, and are competent to iwrform the tioaoftt9 
compounding pf medicines and to undertake the 
management of all but the most serious cases of 
illness and injury. The privates of the Royal Army Medical 
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Corps arc replaced by natives graded as ward servants, cooks, 
water-carriers, and sweepers. The caste system necessitates 
this division of labour, and the men are not so efficient or so 
trustworthy as the regular soldiers whose places they take. 
The bearers of the sick and wounded are a separate and 
distinct class, as above explained, and they are in part 
attached to regiments as a portion of the regimental trans- 
port, and in part to the field hospital bearer companies 
on mobilization. The dandies, a more portable form 
of the old-fashioned dhoolie, are very comfortable, and 
have a canvas roof and curtains to keep off sun and rain. 
They are borne slung on a long bamboo upon the 
shoulders of four or more men, but being very heavy 
and clumsy are not well suited for mountain warfare; 
moreover, as they cannot be folded up into a smaller 
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compass for transport like a stretcher, they take up a 
great deal of room in railway trucks, and cannot be 
carried on the backs of animals. Hence riding ponies 
and mules are much used in Indian warfare for trans])ort- 
ing the less severely wounded men. The ambulance tongas 
of India are small, very strongly built two-wheeled bullock 
or mule carriages capable of carrying four men seated or 
two lying down; but the most serious cases are earned 
in dandies all the way from the field to the hospital. In 
India it is necessary to provide separate hospitals for the 
white and black troops, and also to have accommodation in 
the latter case for the large numbers of non-combatant camp- 
followers who are employees of the commissariat depart- 
ment, servants, grooms, cooks, bullock- and mule-drivers, 
and the like. The frontier war of 1897-98 may be taken 
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to illustrate the medical organization of the Indian army. 
In that war 18,688 white troops, 41,677 native troops, 
and 32,696 followers were engaged, and for the accommo- 
dation of these there were fourteen field hospitals for white 
troops and twenty-two for native troops, each having 100 
beds. Attached to the corps engaged were 150 dandies, 
274 stretchers, and 900 bearers, while the field hospitals 
and bearer companies had a personnel of 9658, with 720 
dandies and 720 tongas. 

Field hospitals are each supposed to provide accommo- 
dation for 100 patients, who live upon their own field rations 
suitably cooked and supplemented by medical 
** comforts. The patients are not supplied with 
hospital clothing, nor do ^ey have bods, but lie on straw 
spread on the ground and covered with waterproof sheets 
and blankets. Thus field hospitals can and must at times 
accommodate more than the proper number of patients, but 
in the South African war their resources were at times con- 


siderably overtaxed, vrith consequent discomfort and hard- 
ship. These hospitals are supposed to move with the army, 
and therefore it is imperative to pass the wounded quickly 
back from them to the hospitals on the lines of communi- 
cation (which vary in number according to the length of 
that line), and thence to the general hospital at the base. 
The size of these hospitals on the lines of communication 
varies according to circumstances ; they are as a rule dieted 
— ^that is to say, proper hospital diets and not field rations 
are issued to the patients, who also have beds and proj)er 
hospital clothing. In these hospitals there may be nursing 
sisters, who are unsuited for the rough life and work nearer 
the fronc. Sisters may also be employed on the hospital 
trains, which wore found very useful in the South African 
war, being fitted with beds, kitchens, disiKjnsaries, <kc., so 
that the patients were removed long distances in comfort. 
Having arrived at the base of ojxjrations the wounded are 
transferred to the general hospitals. The numbers and 

S. 1.^45 
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situation of these vary with circumstances and require- 
ments, but according to regulations there is supposed to 
be one of 520 beds to each field force of 20,000 men. 
Each is fully equipixid with beds, clothing, diets, <hc., 
and the staff consists of 21 officers, 9 nursing sisters, 
3 warrant officers, 25 non-commissioned officers, and 
about 120 privates. There are separate officers* wards. 
In South Africa, owing to the impossibility of the Iloyal 
Army Medical Corps meeting all the requirements of the 
enormous force engaged, many of the officers attached 
were civil doctors, and the rank and file were often civilians 
drawn from the St John Ambulance Brigade and men 


attached to each as administrator and organizer; and 
their personnel was made up of physicians, surgeons, 
nurses, dressers (who were m^ical students, and in some 
cases qualified surgeons), and servants. The numbers of 
course varied according to the size of the hospitals; in 
the case of the Portland hospital of 100 beds, for example, 
the staff comprised 41 mdividuals of the various grades. 

Lastly, our wounded man is transferred to a hospital 
ship. This is fitted up with comfortable swinging cots 
in airy wards, refrigerators, punkahs for hot weather, and 
every other luxury which modern science can supply. Each 
division of an army corps is supposed to have attached 
to it, when necessary, a hospital ship of 200 or 250 
beds, which is provided with medical officers, nursing 
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temporarily enlisted from the Volunteer Medical Staff 
Corps. Many of the nursing sisters belonged to the Army 
Nursing Keserve, who are ordinarily employed in the civil 
hospitals, but liable to be drafted to the seat of war. I 
In the South African war the patriotism and liberality 
of the British public furnished several general hospitals, 
jHsrfectly equip[)ed and officered by some of the most 
eminent members of the medical jirofession in the United 
Kingdom. Among others may bo mentioned the Princess 
Christian, the Imjierial Yeomanry (both field and general), 
the Langman, the Portland, the Irish, Scottish, and 
Welsh hospitals. In addition to the staff of these 
hospitals, several eminent surgeons, including Sir Wm. 
Mac Cormac and Sir Frederick (then Mr) Tnsvos, went out 
as consultants. These civil hospitals were staffed entirely 
by civilians, except that an officer of the B.A.M.C. was 
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sisters, and the same staff and equipment as hospitals 
ashore. 

The medical staff of the regular army in the South African war 
in its later stage comprised the following officers : — 1 surgeon- 
general, 11 colonels, 41 lieut. -colonels, 183 in^iors, 71 captains, and 
315 lieutenants— total 422 officers. The total strength or the lh>yal 
Army Medical Coras at that time was 905, and out of the balance 
there were 865 officers enmloyed in other foreign stations, and 


only 118 at homo. This shows how severely the war taxed the 
resources of the corps. Probably there wore as many civil, 
colonial, and volunteer medical officers employed at the firont as 
there were army medical officers. Of the rank and file of the Royal 
Army Medical Corps there were over 8000 men employed, and 
about the same number of St. John's ambulance men, and otlier 
civilians and volunteers. To the army medical organization in 
war time is affiliated that of the Koa Cross Society and other 
charitable associations, whicli during the South African war aided 
the medical services greatly by the provision of clothing, money, 
and numerous luxuries for the sick and wounded. 

The materiaf and equipment for the bearer companies, field 
hospitals, Ac., are stor^ in times of peace at the various head- 
quarters stations in the United Kingdom, and on the orders for 
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mobilization being iizued, the personnel told off for each unit 
repairs to the allotted station, draws the eouipment and transport, 
and embarks with the brigade to which it is attached The trans- 
port of the ambulance department has profited by the concentra- 
tion in strength of drugs, and the arrangements whereby space is 
economized. As the fi^ti^ man can carry in his wallet nourish- 
ment enough for thirty-six hours in the form of an emergency 
ration in a tin the size of a cigar-case, and enough sweetening 
material in the form of saccharine to last him 
a fortnight, in a bottle the size of a watch, so 
the metucal department can take compressed 
tabloids of drugs, each tabloid being a dose, and 
' b one- tenth of the space the 


tWe taken by this society, ambulance corps have been fomuMl in 
most large towns of the United Kingdom ; and police, railway ser- 
vants, and w'orkmen have been instructed how to render “first 
aid *' pending the arrival of a doctor (Fig. 4). This Samarilau 
work has been further developed and oxteuaed to most parts of the 
British Empire, notably to Canada, Australia, and Iiuna. In tlm 
United States tho civil ambulance is not general. Each city has its 
own system and organization. In some the ambulance service js 


drag would otherwise occupy ; while the 
ical officers can carry hypodermio cases, not so 
large as ordinary cigarette-cases, containing a 
syrmge and hundred of doses of higlily con- 
centrated remedies. The traction-engines 
with the army can supply steam - power for 
X - ray and electric - li^t work, ice - making, 
Ac. 

The American Civil War (1861-66) marked 
the commencement of the modem ambulance 
system. The main feature, how- 


ever, of the hospital organization 


Ponign 

MModa. throughout that campaign was 
the railway hospital service, which provided 
for the rapid conveyance of the sick and 
wounded to the rear of tho contending 
armies. These hospital carriages (Fig. 2), 
equipped with medical stores and appliances 
for the transport of oases from the front to 
tho base, were rapidly introduced into other armies, and played | 
a great, part in the ambulance service of the Franco -Qennan 
war. On the continent of Europe, tho two rival military 
Powers, France and Germany, who were not slow to follow the 
American lead, have since 1871 still further developed and im- 
proved their ambulance systems. Tlio German hospital service 
for armies in the field was modified and extended by tho “ Kriegs 
Sanitats ordnimg’* of 1878 and tho “ Kriegs Ktappen ordnung" of 
1887, which completed the organization bv the addition m time of 
war of numerous subordinate offices and departments. The peace 
organization does not materially differ fhmi the English system. 
The main divisions of the ambulance organization of the Gorman 
army in the field would now fall into (1) sanitary detachments ; 
(2) neld hospitals ; (3) flying hospitals ; hospital reserve depots ; 
(5) commissions of transport ambulance ; and (6) railway hospital 
trains. The whole administration of the ambulance service of 
the grand army in the field is in the hands of tho chief of the 
army sanitary staff, who is attached to headquarters. Next in 
command come surgoons-general of armies ojierating in tho field, 
Hurgeons-general of army corps, and under tnem again surgeons- 
in-chief of divisions and regiments. Civil consulting- surgeons 
of eminence, notably professors from the universities, are also 
attached to the various armies and divisions to co-ofierato with 
and act as advisers to the surgeons of the standing military sur- 
gical staff. Tho hospital trans^iort service on the linos of com- 
munication is highly organized, and the hospital railway carriages 
are equipped on an elaborate scale. The French ambulance system, 
finally settled by the r^lement of 1884, is organized on almost 
identical lines with the German. But the chief point wherein the 
German and French ambulance systems differ from tho British 
lies in the military organization of the volunteer assistance 
offered by tho various Rra Cross societies under the Geneva fiag. 
Whereas in France and Germany such aid is officially recognized 
and placed under direct military control, the English Rod Cross 
societies act side by side with, hut independently of, tho military 
ambulance organization. In Germany the volunteer organiza- 
tion is presided over by an imperial commissioner or inspector- 
general, appointed in peace time, who in time of war is attached 
to the headquarters staff. His functions are to control the 
relations of tne various Rod Cross societies, and to secure their 
harmonious inter-working. Delegates appointed by him are 
attached to the various corps and trans^rt commissions. No 
volunteer assistance can be utilized which is not entirely subor- 
dinated to the military control, and which has not already in peace 
time received official recognition, and been organized on a skeleton 
footing. Moreover, only persons of German nationality can bo 
employed under it with the armies in tho field. In the case of 
base hospitals situate in Germany itself, the services of foreigners 
may be enlisted by special permission of the war office. In France, 
in the main, the same rules obtain in the case of the volunteer 
horoital service. 

Civil amJbulanees , — In 1878 tho British ambulance association 
of St. John of Jerusalem was founded. Its object was to render 
first aid to persons ixnured in accidents on the road, railway, or 
in any of the occupations of civil life. As a result of the initia- 
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worked by the police, as in Boston . in others, notably New York, 
by tho hospitals (Figs. .6, 6), whilst Chicago boasts an a«liiiiiahlo 
ambulance service under muiiiLipal control. Apart troni tlicso 
“Samaritan" services, as they may be called, there is also in 
most of the larger cities of Anieriea a specially organized j>oh<-e 
ambulance for tho rapid conveyance of arrested persons to tho 
police stations. In most of the ciapitals of Europe there are like 
wise civil ambulance organizations dispensing “first aid" in 
urgent cases, but their modiis operandt is in no sjiocial feature 
distinguishable from that of tho ambulance association ot St. 
John. (j. R. D.) 

Amodeo Pordinando Maria di 

Savoiaf Dukb of Aosta (1845-1890), third son of 
Victor Emmanuel II., king of Italy, and of Adelaide, arcli- 
duclioss of Austria, was born at Turin on 30th May 1845. 
Entering tho army as captain in 1859 he fought through tlie 
campaign of 1866 with the rank of major-general, leading 
his brigade into action at Custozza and lining wounded at 
Monte Torre. In May 1867 he married the Princess 
Maria Carlotta Del Pozzo della Cisterna. In 1868 lie 
was created vice-admiral of the Italian navy, but, t>^o 
years later, left Italy to ascend the Sfianish throne, his 
reluctance to accept the invitation of the Cortes having 
been overridden by the Italian Cabinet. On 1 Otli 
November 1870 he was proclaimed king of S])ain by tho 
Cortes ; but, before he could arrive at ^ladrid, Marshal 
Prim, chief promoter of his candidature, was assassinated. 
Undeterred by rumours of a jilot against his own life, 
Amedeo entered Madrid alone, riding at some distance 
from his suite to the church where Marshal Prim’s body 
lay in state. His efforts as constitutional king were 
paralysed by the rivalry between the various Spanish 
factions, but with the approval of his father ho rejected 
all idea of a coup d^etat Though warned of a plot against 
his life (18th August 1872) he refused to take precautions, 
and, while returning from Buen Retire to Madrid in 
company with the queen, was repeatedly shot at in Via 
Avenal. The royal carriage w'as struck by several revolver 
and rifl(^ bullets, tho horses wounded, but its occnjiants 
escaped unhurt. A period of calm followed the outrage. 
On 11th February 1873, however, Amedeo, abandoned by 
his jiartisans and attacked more fiercely than ever by his 
opponents, signed his abdication. Upon returning to 
Italy he was cordially welcomed and reinstated in his 
former position. His consort, whoso health had been 
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undermined by anxiety in Spain, died on 3rd November 
1876. Not until 11th September 1888 did Amedeo con- 
tract his second marriage with his niece, Princess Letitia 
Bonai)artc«. Less than two years later (18th January 


1890) he died at Turin in the arms of his elder brother, 
King Humbert I., leaving four children — ^the duke of 
Aosta, the count of Turin, the duke of the Abruzzi, and the 
duke of Salemi. (h. w. s.) 


AMERICA. 


T he historical accident that resulted in the use of a 
single name, America, for the jiair of continents that 
has a greater extension from north to south than 
^ormmtlon f>ther continuous land area of the globe, 

' has had some justification in recent years, since 
geological 0 {>inioii has begun to turn in favour of the 
theory of the tetrahedral deformation of the earth^s crust 
as affording explanation of the grouping of continents and 
oceans. America, broadening in the north as if to span 
the oceans by reaching to its neighbours on the oast and 
west, taj Hiring between vast oceans far to the south where 
the nearest land is in the little-known Antarctic regions, 
roughly presents the triangular outline that is to be 
expected from tetrahedral warping ; and although greatly 
broken in the middle, and standing with the northern and 
southern parts out of a meridian line, America is never- 
theless the best witness among the continents of to-day to 
the tetrahedral theory. There seems to be, however, not 
a unity but a duality in its phiu of construction, for the 
two jiarts. North and South America, resemble each other 
not only in outline but, roughly 8j)oaking, in geological 
evolution also ; and the resemblances thus discovered are 
the more remarkable when it is considered how extremely 
smiill is the probability that among all the possible com- 
binations of ancient mountain systems, modern mountain 
systems, and plains, two continents out of five should 
present so many points of correspondence. Thus regarded, 
It becomes reasonable to suppose that North and South 
Amerioi have in a broad way been developed under a 
succession of somewhat similar strains in the oarth^s 
crust, and that they are, in so far, favourable witnesses 
to the theory that there is something individual in the 
])lan of continental grow'th. The chief points of corre- 
spondence between these two great land masses, besides 
the southward tapering, are as follows: — (1) The areas 
of ancient fundamental rocks of the north-east (l^uren- 
tian highlands of North America, uplands of Guiana 
in ^outh America), which have remained without signi- 
ficant deformation, although suffering various oscilla- 
tions of level, since ancient geological times; (2) the 
highlands of the south-east (Api>alachians and Brazilian | 
highlands) with a north-east south-west crystalline axis 
near the ocean, followed by a belt of deformed and meta- 
morphosed early Paloeozoic strata, and adjoined farther 
inland by a dissected plateau of nearly horizontal later 
Palaeozoic formations — ^all greatly denuded since the ancient 
deformation of the mountain axis, and seeming to owe 
their present altitude to broad uplifts of comparatively 
modern geological date ; (3) the comj)lcx of younger 
mountains along the western side of the continents 
(Western highlands, or Cordilleras, of North America; 
Andean Cordilleras of South America) of geologically 
modern deformation and upheaval, with enclosed basins 
and abundant voloinic action, but each a system in itself, 
disconnected and not standing in alignment; (4) con- 
fluent lower lands between the highlands, giving river 
drainage to the north (Mackenzie, Orinoco), cast (St 
Ijawrence, Amazon), and south (Mississippi, La Plata). 
Differences of dimension and detail are numerous, but they 
do not suffice to mask what seems to be a resemblance in 
general plan. Indeed, some of the chief contrasts of the 


two continents arise not so much from geological unlike- 
ness as from their unsymmetrical situation with respect to 
the equator, whereby the northern one lies mostly in the 
temperate zone, while the southern one lies mostly in the 
torrid zone. North America is bathed in frigid waters 
around its broad northern shores ; its mountains bear huge 
glaciers in the north-west ; the outlying area of Greenland 
in the north-east is shrouded with ice ; and in geologic- 
ally recent times a vast ice -sheet has spread over its 
north-eastern third ; while warm waters bring corals to its 
Boiithorn shores. South America has warm waters and 
corals on the north-east, and cold waters and glaciers only 
on its narrowing southern end. If the symmetry that is 
so noticeable in geological history had extended to climate 
as well, many geograjihical features might now present 
likenesses instead of contrasts. 

• When America is compared with the continents of the 
Old W'orld, an important correspondence is found between 
its northern member and the greater port of Eurasia ; but 
here the corresponding parts are reversed, right and left, 
like the two hands. The Laurontian highlands agree with 
Scandinavia and Finland, both having escaped deformation 
since very ancient times. A series of water bodies (the 
Great lakes in North America, the southern Baltic, with 
Onega, Ladoga, Ac., in Europe) occupy depressions that 
are associated with the boundary between the very ancient 
lands and their less ancient covering strata. The old 
worn-down and re-elevated Appalachian mountains of 
south-eastern North America agree well with the Her- 
cyiiian mountains of similar history in middle Europe 
(Ardennes, Slate mountains of the middle Bhino, Ac.), each 
range entering the Atlantic at one end (in Nova Scotia 
and Newfoundland ; in Brittany, Wales, and Ireland), and 
dipping under younger formations at the other. Certain 
younger ranges — seldom recognized as mountains because 
they are mostly submerged in the American mediterraneans 
(Gulf of Mexico and Caribbean Sea), but of great absolute 
relief and with crests rising in the larger West Indian 
islands — may be compared with the younger ranges of 
southern Euroj)© (Pyrenees, Alps, Caucasus) bordering the 
classic Mediterranean and the seas farther east. The 
central plains of North America correspond well with the 
plains of Russia and western Siberia ; both stretch from 
great enclosed water bodies on the south to the Arctic 
Ocean, and both are built of undisturbed Paheozoic strata 
toward the axis of symmetry and of younger strata away 
from it. Finally, the Western highlands of North America 
may bo compared with the great mountain complex of 
central and eastern Asia. In this remarkable succession 
of resemblances, we find one of the best proofs of the 
continental unity of Eurasia, however independently 
Europe and Asia should have been developed on a tetra- 
hedral earth, and however fully the separation of these 
two grand divisions is demanded on historical and poli- 
tical grounds. Moreover, the resemblances thus described 
controvert the idea, prevalent when geology was less 
advanced than to-day, that the New World of civilised 
discovery is an ‘‘old world” geologically, and that the 
Old World* of history is geologically “new.” Both 
worlds are so old, and both share so well the effects of 
successive geological changes from the most ancient to 
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the most modern periods, that neither can regard the 
other as older or younger than itself. No simple 
generalization is admissible oonoeming the age of any- 
thing whose history is so complicated as that of a 
continent. 

The climatic contrasts between North and Houth 
America are replaced by several climatic similarities 
between North America and Eurasia. The Appalachians 
and the Hercynian mountains of middle Europe both 
contain extensive coal deposits of similar geological age, 
thus indicating a climatic and geographic resemblance at 
a time of great antiquity. The Laurentian highlands and 
the Scandinavian highlands were both heavily and repeat- 
edly glaciated in recent geological times, and the ice 
sheets that crept out on all sides from those centres 
spread far over the lower lands to the south and away 
from the axis of symmetry towards the continental in- 
terior, scouring the central highlands and leaving them 
rocky and barren, strewing extensive drift deposits over 
the peripheral areas, and thus significantly modifying their 
form and drainage; while the much loftier mountain 
ranges of western America and central Asia suffered, 
singularly enough, a far less extensive glaciation. At 
the present time, the plentiful and well-distributed rainfall 
of the continental border on either side of the Atlantic is 
succeeded by an increasing aridity towards the continental 
interior, until the broad plains that rise towards the 
distant mountain complexes are comparatively barren or 
oven desert. Within each greater mountain area exten- 
sive interior drainage basins are found holding salt lakes, 
and the suspected former extension of these lakes in 
central Asia agrees well with the proved extension of the 
lacustrine conditions in western North America. In 
matters of temperature, however, there are certain con 
trasts, as will be more fully stated below when the ques- 
tion of climate is discussed. 

North America. 

The following sketch of the geological development of 
North America considers the larger physiographic divisions 
in the order already presented. 

The extensive area of ancient crystalline rocks (Archsean), 
stretching from Labrador past Hudson Bay to the Arctic 
LMur$aiiMtt greatly disordered structure, and 

Mgbtmnat. ^®*^ce must have once had a mountainous form. 

Moreover, the crystalline texture and deformed 
foliation of the rocks prove that the surface now seen 
was once buried deep l^neath the surface of an earlier 
time, for only at great depths can such texture and 
foliation be acquired. Both these lines of evidence lead 
to the conclusion that the moderate relief prevalent over 
the existing Laurentian region is the work of persevering 
erosion during a long continuance of dry land conditions, 
and hence that the region must be regarded as one of 
those worn-down mountain systems which so eloquently 
testify to the vast duration of geological time. But the 
full value of this testimony is appreciated only when it is 
discovered that the worn-down old land is gently over- 
lapped, chiefly around the south and west, and south of 
Hudson Bay, by very early Palaeozoic strata which rest 
upon the eroded suriace of the crystallines, thus proving 
that the destruction of the ancient mountains had already 
l)een accomplished before some of the oldest fossiliferous 
formations of the world had been deposited. All the 
evidence goes to prove that from then to now the Lauren- 
tian region has been relatively quiescent, as if the forces 
of deformation had been exhaust^ by their efforts in the 
e^lier ages of the earth’s history. In all subsequent 
time there have been here no such great crushings and 
upheavals as have occurred elsewhere, but only m^erate 


oscillations of level, one of which allowed the transgression 
of the ancient sea in which the overlapping strata were 
deposited, while another of much more modern date gave 
the region its present highland altitude (1000 to 2000 feet; 
mountains near the Labrador coast, 8000 feet), again offer- 
ing it to the forces of erosion. 

It is this ancient Laurentian area that the earlier 
geologists named the Continental Nucleus,” as if it had 
been the lirst part of North America to rise from the 
primeval waters of an assumed universal ocean. The 
** Archiean V,” formed by the two arms of the Laurentian 
oldland stretching from Labrador to the Arctic, between 
which Hudson Bay is included, has been repeatedly de- 
scribed as the oldest area of the continent, the beginning 
around which many later additions have built the existing 
outlines; and as such it has been adduced in favour of 
the theory of the permanence of continents. But when 
thus stated, the half of the story in favour of this theory 
is not told. Hudson Bay is not due to a primitive failure 
of elevation between the arms of the “ Archaean V ” ; it 
is not a deep basin whose floor has never emerged from 
the primeval ocean, but an ancient and com|)aratively 
shallow depression in a pre-existent land, over which the 
sea flowed as the surface sank below sea- level. South 
and west from the “Archaean Nucleus,” the Cambrian 
strata of the medial plains of North America arc found to 
lie, wherever their base is discovered, on a foundation 
that possesses all the essential features of the Laurentian 
oldland. This relation is found all around the Adiron- 
dack mountains in New York, along the Appalachians 
southward to Georgia, through the Mississippi basin in 
Wisconsin and Missouri, and beyond in Texas, and farther 
west in the Black Hills, as well as certain points in the 
Bocky Mountains region. Hence the pre-Cambrian land 
surface of the continent must have had not only a vastly 
greater area than was formerly attributed to it, but also 
an earlier origin ; for at the time when it was thought by 
the older geologists to be first rising from the primeval 
ocean, it is now proved to have been slowly sinking after 
a prolonged land existence. The crystalline Archaean 
rocks in the Laurentian region and its scattered fellows 
cannot possibly bo ex])lained as a primitive sea bottom, 
rising above sea-level to make the l)eginning of a continent 
and receiving Cambrian strata upon its still submerged 
borders, but only as portions of an already old and deeply- 
denuded laud area, which was in pre-('anibrian time much 
larger tlian the visible Laurentian area of to-day, and 
which was reduced to |)erhaps half its jirimcval dimensions 
by a gradual submergence beneath the transgressing sea 
in which the Cambrian sediments were laid down. We 
are thus led to believe that much of the continent of 
to-day was a continent iu the earliest geological times, and 
that the seas which |mrtly (X)vered it in Pab’uozoic and 
Mesozoic time wore due to jmrtial submergence, not to 
partial emergence. Furthermore, all the marine strata 
that now stretch over a large part of what is believed to 
have been the ancient continental surface are of relatively 
shallow water origin ; none of them bear any close re- 
semblance to the deposits of the deep oceans that have 
been so well studied in the last thirty years. Hence the 
PalsBOZoic and Mesozoic seas of North America were not 
deep oceans, and as far as this continent is concerned it is 
by no means admissible to assume, as some of the earlier 
geologists did, that the jxisition of continents and ocejans 
have repeatedly changed }>laces. The testimony of the 
rocks is decidedly in favour of Dana’s \iew that continental 
masses are relatively permanent, and hence also, as far as 
stability is concerned, in favour of the theory of a tetra- 
hedral earth. 

The early history of the Laurentian region has been 
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dwelt upon becaunc of its great importance in the history 
of the continent, and l>ecaude its histoiy has so generally 
been misunderstood. To these reasons may be added a 
third : through Pahcozoic and Mesozoic time the history 
of the Laurentian region is for the most part a blank, 
llecords are wanting from the early Palseozoic to the Pleis- 


to-day upon a rugged upland without mountains (except 
in north-east Labrador), but diversified by innumerable 
knobs and hollows. The drainage of the region has thus 
lH)en thrown into disorder; large and small lakes and 
marshy hollows abound; the streams are rejKjatedly in- 
terrupted by rapids, and frequently split into two or more 
channels, enclosing islands many miles in length. They 
are the only highways of this thinly inhabited region. 


[north 

tocene, when the Laurentian uplands became the centres 
from which the ice sheets of the Glacial period spread out 
on all sides. As a residt of this late chapter in the history 
of the r^on, the weathered soils of earlier periods were 
swept away along with an unknown amount of firm rock, 
leaving bare ledges, scattered boulders, and gravelly drift 


The Appalachian province is a generally hilly and moun* 
tainous belt, stretching from Newfoundland to Alabama. 
It seems for the most part to have belonged 
in the earliest times to ^e great pre-Cambrian 
land area, of which the Laurentian highland tigblMa. 
is the more*manifest representative ; for where- 
ever the basal members of the Palaeozoic sedimentary series 
ore found in the Appalachians, they rest upon a floor of 
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denuded Archsean rocks, and the lomst layers are largely 
composed of Archman detritus. This proTince must, how- 
ever, be set aside from the undisturbed Laurentian region 
because of the repeated movements of depression, deforma- 
tion, and elevation that it has suffered, generally along a 
north-east south-west trend, causing the successive alter- 
nations of heavy deposition, and almost equally heavy 
denudation that have prevailed with var 3 diig intensity 
during the whole stretch of geological time covered by the 
fossilfferous record. The earliest important mountain- 
making disturbances interrupted the conditions of de- 
position in Cambrian time, and produced what has 
been called the Green Mountain system. A later, and 
probably greater, disturbance, with its climax at the close 
of Carl^niferous time, established the Appalachian Moun- 
tain system ; but, as understood to^lay, the “ Appalachian 
revolution ” of the older geologists should be regarded as 
a long-lasting process, perhaps intermittently enduring as 
long as the whole of Carboniferous time. A subordinate 
period of deposition and deformation occurred early in 
Mesozoic time, marked by the accumulation and disturb- 
ance of several basins of the Newark formation, roughly 
corresponding to the Triassic of Europe. 

The Appidachian mountains of t^ay were formerly 
regarded as the unconsumed remnants of the chief Api>a- 
lachian uplift ; but it is now generally agreed that Mesozoic 
erosion reduced the greater part of the range to a lowland 
of moderate or small relief, leaving only isolated groups 
of subdued mountains in the areas of the most resistant 
rocks, and that the altitude and form of the mountains are 
chiefly the result of the Tertiary elevation and dissec- 
tion of the previously worn -down mass, — the additional 
height thus given in Tertiary time to the pre-existent 
subdued mountain groups making them now the loftiest 
areas of the range, as in the White Mountains of Now 
Hampshire (Mount Washington, 6293 feet), and the Black 
hlountainsof North Carolina (Mount Mitchell, 6711 feet). 
It is interesting to note that the axis of Tertiary elevation 
is nearly i»arallel to and closely associated with the axes 
of the earlier disturbances, but it lies somewhat to the 
north-west of its predecessors, and therefore involves con- 
siderable areas of flat-lying Paleeozoic strata on the inner 
side of the previously disturbed belt from New York to 
Alabama, thus producing what is known as the Allegheny 
plateau (altitudes, 2000 to 4000 feet). It should be added 
that the Osark plateau of Missouri and the Ouachita moun- 
tains on the south in Arkansas and farther west are related 
to one another in much the same way as the Allegheny 
plateau and the middle ranges of the Appalachians — the 
two pairs corresponding to a remarkable degree in regard 
to conditions of ancient accumulation, mediaeval deforma- 
tion and denudation, and more modem uplift and dissec- 
tion; it is, therefore, admissible to classify this western 
group of uplifts as an annex to the normal Appalachians. 
Numerous and extensive coal seams occur in the wom- 
down Appalachians of Nova Scotia, Pennsylvania, and 
Alabama, as well as in the Allegheny plateau from Penn- 
sylvania to Alabama, and in the extension of the same 
strata through the Ohio and middle Mississippi basins. 

The eastern coast of the continent has a ragged shore 
line from Maine to Greenland, with numerous submerged 
lowlands and valleys forming bays, and as many uplands 
and ridges outstretching in promontories and islands ; 
this being the result of the summation of many move- 
ments of the land, whose total gives an increasing measure 
of depression to the north where an archipelago at last 
replays what was probably once a corner of the continent ; 
but the measure of the depression is uncertain, because of 
the doubt regarding the depth beneath sea-level to which 
the Pleistocene glaciers may have worn the pre-Glacial 
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valleys. South of New England, along the Atlantic coast, 
and around the border of the gulf into Mexico, the 
dominating movement of the land in late geological 
periods has been upward with respect to sea-level, where- 
by a former sea bottom, on which the land waste of 
Cretaceous and Tertiary times had been outspread, was 
revealed as a coastal plain, across which the rivers of the 
former land area now extend their courses, from the old 
shore line to the new. Part of the same plain, still sub^ 
merged, forms the '' continental shelf” of the mid-Atlantic 
border. Florida seems to be a projecting swell of this 
shelf, around whose extremity coral reefs have been 
added, but whose greater mass is still under a shallow sea 
cover. Along the ragged coast in the north a moderate 
and very modern movement of elevation has laid bare 
clay-floored lowlands that were lately beneath the sea, as 
in the plain of the lower St Lawrence valley, while 
along the coastal plain of the south a slight movement 
of depression has drowned a number of low valley floors, 
producing shallow arms of the sea, as Chesapeake Bay, 
Albemarle and Pamlico Sound, and Mobile Bay. 

The great complex of mountains in the Western high- 
lands, sometimes styled the Cordilleras of North America 
(the Rocky Mountains being the eastern members 
of the system in the United States and Canada), ^rire Cor* 
differ from the Laurentian and Appalachian 
regions in having suffered numerous disorderly Amortca. 
movements at dates so recent that the existing 
relief of the region bears a significant relation to its 
irregular uplifts ; a relation that doubtless once obtained 
in the older mountain areas of the east, where it has now 
been obliterated by erosion. It is not, however, only in 
modern geological periods that mountain-making disturl> 
ances have prevailed in the regions of the Western high- 
lands ; their geological history is one of rejieated and long 
continued movement — the ruins of the more ancient up- 
heavals supplying materials for the strata of newer ranges. 
For example, in Canada an axial belt of ancient nxjks is 
bordered on the east and west by stratifled formations of 
enormous thickness(40,000 to 60,000 feet), those on the west 
including a large share of contemporaneous volcanic mate- 
rials ; all three belts having been deformed and upheaved, as 
well as deeply dissected in the later chapters of geologiail 
time. It is, however, important to note that the interval 
between Palaeozoic and Mesozoic time, in which mountain - 
making disturbances were so general in western Europe and 
eastern North America that the older geologists thought 
them to be of world-w’ide extent, was here generally jiassed 
over in relative quiet, so that continuous sedimentation 
produced in certain districts a conformable series of de- 
posits from Silurian to Cretaceous time. Furthermore, 
the Carl)oniferous period, which gained its name from the 
extensive coal deposits that were then formed in western 
Europe and eastern North America, w^as a marine lime- 
stone-making period in the C'ordillerau region. If the 
science of geology had had its origin on the Pacific side of 
America, some of its early generalizations would have 
been very different from those which gained credeuce in 
the lands bordering the North Atlantic. 

There is here exemplified, as might be expected in a 
region extending over 3000 miles from Ala.ska to southern 
Mexico, and measuring over 1000 miles in breadth at its 
middle, a great variety of plateau and mountain structures. 
The broad upheaval of adjacent blocks of earth-crust with- 
out significant tilting or disturbance has produced the 
plateaus of Arizona and Utah. Some of the simplest and 
youngest mountain ridges in the w’orld are to Vk?. found in 
the broken and tilted lava blocks of southern Oregon. 
Tilted blocks on a larger scale, much more affected by 
processes of sculpture, are found in the lofty St Elias 
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Alps of Alaska, the site of some of the greatest glaciers 
in the world. The wall of a huge fracture, now elal^ratelj 
carved, constitutes the western slope of the Wahsatch 
range, facing the desert basin of Utah. Bangcs of a 
relatively simple arch structure are seen in the Uinta 
mountains of Wyoming and Utah. Arched upheavals 
also characterize the front range of the Rocky Mountains 
proper in Colorado and Wyoming and in the Black Hills 
of South Dakota, bending up the strata of the adjacent 
plains in the simplest fashion, and producing dome-like 
mountains, now deeply dissected by outflowing consequent 
streams. A remarkable change occurs in the structure of 
the Rocky Mountains north of the Missouri river in 
Montana and northward into Canada, where the front 
range is of synclinal or trough structure, with the 
youngest instead of the oldest rocks along the axis, while 
the strata of the plains are bent down and overridden in 
the most abnormal manner. Indeed, mountain structure 
occurs of so great diversity in various parts of the 
Cordilleran region as to elude general description. The 
disturbances extend directly to the western coast line, 
including not only the coast range of California, but the 
peninsular area of Lower California (belonging to Mexico) 
and the detached mountainous islands of British Columbia 
and Alaska. 

Volcanoes of commanding form here and there domi- 
nate the plateaus and mountains. Orizaba, Pox)ocatepetl 
and their neighbours, terminating the Cordilleran system 
in Mexico ; Mount San Francisco, bearing snow and Arctic 
plants above the nearly desert plateau of Arizona ; Mount 
Shasta, with small glaciers in northern California ; Mount 
Rainier, with extensive glaciers surmounting the Cascade 
range of Washington ; Mount Wrangell in Alaska, and 
farther on the many cones in the curved chain of the 
Aleutian islands : all the.se have been heaped up around 
vents through which their lavas rose from some deep 
source. Vast lava hoods have been poured out at different 
times. Extensive lava beds, barren and nigged, cover 
large areas in north-ea.stern California. The basins of 
Snake and Columbia rivers in Idaho and Washington are 
flooded with older and more extensive lava sheeti^, whose 
borders are varied by promontories and islands of the 
** mainland.’’ Still older lava flows in British Columbia 
are now deeply dissected by the branches of Frazer river, 
and remain only in disconnected upland areas. High 
plateaus in Utah are protected by a heavy lava capping, 
the result of great eruptions before the plateaus were up- 
lifted. Here and there rise dome -like mountains, the 
lesult of the underground intrusion of lavas in cistern-like 
spaces, forming “laccoliths,” and blistering up the over- 
lying strata. Thus, by mountain Uf>heaval or volcanic 
eru}>ti()u, great altitudes have been gained. Where the 
ujdift has been strong, ranges of truly Aljnne form with 
extensive snow-fields and glaciers occur, as in the Selkirk 
range of Canada (now traversed by the Canadian Pacific 
railway), ancl again in Alaska. Heights of 12,000 and 
14,000 feet are exceeded by numerous summits in the 
central ])art of the system ; but the dominating peaks are 
found far in the north-west and in the south. Several 
mountains in Alaska exceed 18,000 feet (Mount McKinley, 
20,464 feet ; Mount Logan, 1 9,500 feet ; Mount St Elias, 
18,024 feet) ; and the great Mexican volcanoes rise nearly 
as high (Orizaba, 18,250 feet). Widespread plateaus main- 
tain upland altitudes of more than a mile over vast areas. 

As in all regions of great altitude, the erosion of valleys 
has i)rogressed on a magnificent scale in the Cordilleran 
region, and the actual form of many of its ]Mirts is more 
the result of sculpturing than of uplifting. The {dateaus 
of Arizona are traversed by the deep cafions of the 
Colorado river and its branches, at places a mile deep, and 
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with elaborately carved walls, from which the most im- 
pressive lessons have been learned regarding the origin of 
valleys by river action. Upon the plateaus themselves, 
long and ragged cliffs of recession attest an even greater 
work of erosion than the cafions. In all the mountain ranges 
except those of youngest uplift, valleys have been actively 
eroded, sometimes producing steep pe^s as in Mount 
AssiniWne (11,500 feet) in the Canadian Rockies, rival- 
ling the Swiss Matterhorn in sharpness of form ; but the 
greater number of summits have been worn to roughly 
pyramidal form between wide-fiaring valleys, and the 
mountain flanks have thus come to be extensively covered 
with rock waste lying on slopes of relatively uniform 
declivity. Some of the ranges are in a second cycle of 
dissection, having been once worn down to moderate 
relief and now being elevated for renewed erosion ; the 
Sierra Nevada of Cdifornia is believed to be, in part, of 
this history, having at least in its central and northern 
parts ‘ been well reduced and now again ei\joying a 
mountainous character in virtue of a later slanting uplift 
en hloc^ with rapid descent on its eastern fractured face. 
Other ranges, almost completely worn down, still remain 
low, as in south-eastern California, where they are now 
represented by gently sloping rock floors veneered with 
I gravel and retaining only small remnants of their original* 
I mass still unconsumed ; thus the end, as well as the 
I beginning, of the cycle of erosion, together with many 
complications of its progress, are illustrated in different 
|)arts of this great and varied mountain system. In the 
fiorded coast of Alaska, signs of intense glacial erosion are 
seen in the discordant junction of the “ hanging ” lateral 
valleys and the deep trunk valleys — ^the floors of the 
former being cut off on the walls of the latter. 

Fitting complements of the deeply -eroded mountains 
are found in the great accumulations of mountain waste 
now occupying basins of depression between the various 
ranges, as in Mexico, Utah, Nevada, Montana, and else- 
where. Erosion and transportation here combine to build 
up the floors of the basins with the waste of the surround- 
ing highlands; a result that is peculiarly beneficial in 
Mexico where the climate of the plateau basin is rendered 
relatively temperate by reason of its altitude, and where 
the surface is easily habitable by reason of its smoothness. 
In the larger depressions, as along the boundary of the 
United States and Mexico, isolated ranges frequently rise 
like islands over the plain of waste that has been built up 
on their flanks. Shallow saline lakes or playas (wet-weather 
lakes) without outlets lie on the lowest parts of the wasto- 
filled basins ; their failure to overflow in rivers discharging 
to the sea being less the result of enclosure by barriers 
than of deficiency of rainfall ; for it is chiefly in the arid 
region that the waste-floored basins are best developed. 
Indeed, the rainfall is often so scanty that the streams 
from the mountains — where most of the little precipita- 
tion occurs — often fail even to form lakes, withering away 
on the waste ])lain6. In all those cases, the wash of rock 
waste from the mountains remains on the continent and 
builds up the basin plains, instead of being carried away 
from the land to fonn stratified sediments on the sea floor. 
The habit of gathering mountain waste in interior basins 
that characterizes so much of the Cordilleran region to-day 
is only the continuation of an earlier practice, for extensive 
basin deposits of Tertiary date are found in many parts of 
the Cordilleran region : some of them are famous for pre- 
serving vertebrate fossils, such as those of the many-toed 
ancestors of the horse. 

Between the loftier Western highlands and the lower 
Eastern highlands (Ijaurentian and Appalachian) lies a 
great extension of Medial plains, stretching in moderate 
dtitude from the Arctic Ocean to the Gulf of Mexico, 
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and having in their middle a breadth of 1500 milea 
They are compoaed throughout of nearly horizontal strata 
and mark a region long exempt from strong dia- 
i turbance. Altho^h for the most part floored 
PMaM, ^ marine formations, their structure and com- 
position indicate, as has already been said, 
relatively shallow water. The ancient sea that once 
occupied the middle belt of the continent therefore had 
little likeness to the abysmal oceans, but resembled rather 
the shallow ocean margins that to-day overlap various 
continental masses — the largest example of this kind now 
existing being between Asia and Australia. The eastern 
part of the plains is underlaid by Palaeozoic strata, already 
mentioned as having been laid down upon the subsiding 
Archsean continent or folded in the making of the 
Appalachians; coal beds are here included in the Ohio 
and middle Mississippi basins. The area of the western 
plains remained submerged to a later date preserving a 
stretch of marine waters to the end of Mesozoic time, 
and thus resembling the lowland belt of western Asia, 
which was similarly covered by a broad and a shallow arm 
of the ocean extending from the Arctic to the European 
mediterraneans until a late geological date. The surface 
of the Medial plains is not always so even as might be in- 
ferred from their name. Both the eastern and the western 
areas have been extensively denuded, even to the point 
of being reduced to lowlands of denudation. Their present 
altitude is not so much the result of their original uplift 
from the sea as of a later elevatory movement. The 
great river basins, for which North America is famous, 
have thus been formed between the Eastern and Western 
highlands — the Mississippi receiving the drainage of a 
vast area (about 1,240,000 square miles) for discharge to 
the south, while the Saskatchewan and Mackenzie gather 
their waters from somewhat less extensive areas in the 
north. Pleistocene glaciation covered the plains of the 
Ohio, upper Mississippi and Winnii)eg districts with 
extensive deposits of ice-laid or water-laid drift, furnishing 
a generally smooth surface and a fertile soil : here are the 
true prairies — treeless, but richly grassed. 

The traditional continuity of the Cordilleras of North 
and South America has been broken by investigations in 
Ctntrmt isthmian portion of the northern continent. 
Amwrtem structural peculiarities of the Western high- 
mnd tb0 lands of North America may be traced only to 
the east and west belt of great volcanoes by 
“ which the plateau of central Mexico is termi- 

nated on the south. The ranges of the Andes fail to 
reach Panama, from which the nearest one is separated 
by the valley of the Atrato. The two Cordilleras are out 
of line with each other, and their ends are some 1200 
miles apart. Central America, the West Indies, and 
various submarine ridges by which they are connected 
with one another and with the mainland to the west, as 
well as certain ranges along the northern margin of South 
America, all belong together in what has been termed the 
Antillean mountain system, in which east and west trends 
of late geological date predominate, with abundant volcanic 
additions on the Biciflc border of Central America, and 
along the eastern end of the system in the Windward 
islands of the Lesser Antilles. The unity of this system 
has been until recently overlooked partly because the 
Antillean ranges are for the most part still under water, 
and yet further because the volcanoes which form the 
strongest reliefs of the isthmian region are so arranged 
along the Pacific coast as to suggest the continuity of the 
Cordilleran systems on the north and south; but these 
volcanoes are really only superadded to a foundation of 
quite another kind. Geological studies on the mainland 
and on the islands have shown that both fundamental 
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Structure and surface form are not Cordilleran; and 
numerous soundings in the adjacent mediterraneans sug- 
gest that the islands are best interpreted as the somewhat 
denuded crests of great crustal ridges. The warm waters 
that bathe the West Indies come with a high temi)cratun) 
from the equatorial Atlantic, and favour the growth of 
corals along the shores. Fringing and elevated reefs are 
known on many of the islands. The Bahamas are the 
slightly overtopping parts of a broad platform of coral 
and other calcareous marine deposits, of which the greattir 
area constitutes extensive shallow banks, which descend 
by a steep slope on the north-east to great depths in the* 
Atlantic. The lowlands of Yucatan resemble Florida in 
being the emerged jiart of a much larger mass, of which an 
equal portion is still under %vater in the shelf around the 
Gulf of Mexico. All this region is luxuriantly productive 
and is advantageously surrounded by waters which would 
be barren and desert if replaced by lowlands. The active 
volcanoes on the Pacific slope have built many cones and 
uplands, some of their historic eruptions having been of 
terrible violence. Thus Lake Nicaragua, once a liay of 
the Pacific, has been cut off by volcanic deposits, leaving 
only the Gulf of Fonseca oj^en to the western ocean, 
raising the level of the lake behind the barrier and turn- 
ing its discharge eastward to the Caribbean h>ea across 
what was once the inter-oceanic watershed. 

The successive crustal movements by which the land 
area of what wo now know as North America has l)een 
increased and connected have determined the 
growth of several great river systems through 
which the broader jmrt of the continent is drained. The 
movements that resulted in the emergence of the Plains 
had the effect of engrafting many ancient rivers of moderate 
size upon trunks of unusual dimensions. The Mississippi 
system, some of whose eastern branches probably date from 
early Mesozoic time, received great reinforcements by the 
addition of many long western branches in Tertiary time, 
roughly contemporaneous with the uplift of the Gulf 
coastal plain by which the lower trunk of the river was 
extended to the sea. The present headwatijrs of that 
stream to which the name of Mississipjii is applied, and 
which for that reason have gained an undue subjective 
importance, are of relatively modern date, as thi’y are con- 
trolled by the abundant glacial deposits of northern 
Minnesota. The evolution of the Mackenzie resembles 
that of the Mississippi in a very general way, although 
some of its eastern branches may be the dc'soendants of 
ancestors more ancient than those flowing westward from 
the Appalachians ; but the regime of the great northern 
river is strikingly unlike that of its still greater southern 
analogue on account of its course? bedng from a warmer to 
a colder climate : hence ice-dams, obstructed discharge, and 
overflows. The Nelson and the St Lawrence systems, 
draining eastward to Hudson Bay and St Lawrence Gulf, 
receive drainage from areas that would belong to the 
Mackenzie and the Mississippi systems under a simpler 
plan of continental growth ; and there is much reason for 
thinking that this simpler plan obtained until the occur- 
rence of those changes, in association with the Glacial 
period, whereby sea waters gained access to the deprt'ssions 
that now hold the bays and sounds of the north-eastern 
coast. In exemplification of tlie rule that the larger ocean 
receives the drainage of the smaller continental area, the 
rivers that flow into the Pacific rank below those belong- 
ing to the Atlantic. The greatest is the Yukon, of farther 
Canada and inner Alaska, one of the great rivers of the 
world, little known until the recent active exploration of 
its basin for gold fields. The Frazer drains much of the 
mountainous area of southern British Columbia, as tlie 
Columbia drains that of the north-western United States ; 
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the latter is peculiar in that one of its headwaters rises at 
the ecMtern base of the Rocky Mountains in northern Mon- 
tana. The Colorado discharges a muddy current into the 
Gulf of California; but for the aridity of its large drainage 
area its volume would be much larger. The same is true of 
the Rio Grande, whose name would be better justified if so 
much of its basin were not semi-arid. 

The rofenmees already made to lakes may now be 
reviewed and summarized. Several lake districts may be 
mentioned. The most remarkable lacustrine 
^ region of the continent, rivalling that of central 

Africa, forms a belt around the border of the Laurentian 
highland ; here, in addition to ten large lakes, there are 
hundreds of medium size, and many thousand small lakes. 
They are peculiar in occupying a region of moderate relief, 
in which no strong dislocations have taken place in recent 
geological time? (unless in the case of Lake Superior), and I 
thus in contrasting with the great African lakes which I 
occupy rift- valleys or grahen of comparatively recent ' 
fracture. The Laurentian lakes are further characterized 
by an intimate association with the ice-sheets of the Glacial 
period ; but while glacial erosion and drift obstruction 
suffice to account for the smaller lakes, it is very probable 
tliat broad crustal warping and drainage reversal have 
been potent aids to the other processes in producing the 
great lakes. The northern Cordilleran region conteins 
many beautiful lakes of moderate size in deep valleys 
among the crowded ranges of the narrowed mountain bedt. 
Their origin lias not been closely studied. The basins 
among the spaced ranges of th(5 middle and southern Cor- 
ddleras, in the United States and Mexico, contain many 
lakes that occupy sliallow depressions in desert plains; 
they are usually without outl(3t and saline ; many of the 
Imsins were formerly occupied by lakes of much greater 
size, some of which overflowed, implying a climate moister 
than tliat of to-day, probably correlated with the glacial 
climate of the regions farther north. Lakes in volcanic 
craters or behind volcanic barriers occur in Central America, 
w'hile Florida possesses many small lakes in limestone 
basins. The following table is taken from Russell’s Lakes 
of North America : — 


Lake. 

AltltiKle 

Area. 

Deiith, 


Feet 

Square Milos. 

Feet 

Outario .... 

247 

7,200(?) 

738 

Erie 

.57:j 

»,»00 

210 

Huron .... 

582 

22,322 

750 

Michigan .... 

682 

21,729 1 

870 

Superior .... 

602 I 

31,000(*) 1 

1008 


The climatic features of North America are best ap- 
preciated when considered as exhibiting modifications 
CUmmts general climatic conditions which pre- 

vail in consetiuence of the globular form of the 
earth as a whole. In January, when the isotherms of 
65" to 75" F. stretch almost directly across land and sea in 
the torrid zone, a moan temperature of zero or less invades 
the region north-west of Hudson Bay, which thus resembles 
north-€3astern Asia in departing greatly from the mean 
prevailing in similar latitudes on the northern oceans, and 
in bringing upon the northern lands an extension of frigid 
conditions that have no analogue in the southern or 
oceanic hemisphere. In July, when the isotherms of 40" 
and 50" have a tolerably direct course around the latitude 
circles that border the continent on the north, a great 
middle area of North America becomes warmer than the 
seas on the east and west, having a mean of over 80", and 
in jiart over 90". In January, the Hudson Bay region is 
30" colder than the mean of its own latitude, about 60" 
colder than the mean of the corresponding southern lati- 
tude; while in July the Arizona-Mexican region is 20“ 


above the mean of its own latitude, or about 40“ above 
the mean of the corresponding southern latitude. In 
both winter and summer the isotherms are more closely 
crowded while crossing the continent than while crossing 
the adjacent oceans; or, in other words, the poleward 
temperature gradient is stronger on the land than on 
the oceans ; and all these features should be regarded as 
inherent characteristics of the climate of North America 
in virtue of its being a continent chiefly in temperate 
latitudes. 

An associated feature of continental climate is found 
in the strong annual range of temperature of the central 
land area. The range between the means of January and 
July exceeds 40" for the largest part of the lands, and 70* 
for much of the northern lands ; the range of extreme 
temperatures is much greater. On corresponding oceanic 
areas in the northern hemisphere the range is little more 
than 20", and in the southern hemisphere it is probably 
less than 10". It must appear from this that if the largest 
jmrt of North America is said to be in the north temperate 
zone, “ temperate ” must be taken as having little of the 
meaning originally given to it in southern Europe, for 
the winter cold is severe and the summer heat is excessive 
over much of the North American continent. In this 
respect two more unlike belts can hardly bo found 
than the north and south temperate zones, in spite of 
the resemblance that is implied in their names. 

The several mointos of the terrestrial wind system, 
including therein the trade winds of a broadened torrid 
zone, the stormy westerly winds of middle latitudes, and 
the irregular winds of the polar regions, are well exemplified 
over North America ; but, as is usually the case on land, 
the systematic movement of the atmosphere is better seen 
in the drift of the clouds than in the movement of the 
surface winds, which arc much modified by the changes 
from hill to valley, from mountain to plain. Neverthe- 
less the prevalence of the general atmosphere currents has 
much to do with the control of certain values of annual 
temperature range, as well as with the distribution of rain- 
fall. The former are small (about 20") along a great 
stretch of the Pacific coast, even as far north as Alaska, 
where the moderating influences of the ocean are brought 
upon the land by the westerly winds ; while a range ap- 
propriate to a continental interior (30" or 40") is experi- 
enced over most of the eastern side of the continent in 
temjierato latitudes, and even upon the North Atlantic 
ocean near the American coast, where strong seasonal 
changes of temperature are carried forward by the westerly 
winds. It is particularly in this respect that the general 
climatic resemblances between North America and Eurasia, 
above referred to, are broken; for eastern Canada and 
western Europe are strikingly unlike in seasonal varia- 
tions of temperature. Jiabrador is about 10" cooler 
than northern Gennany in July, but nearly 40" colder in 
January. 

The distribution of rainfall is in general controlled by 
the prevailing course of the winds. The West Indies 
receive abundant rain from the passing trades. In Mexico 
and Central America the eastern slotjes are for the most 
part better watered than the western, because the winds 
there come chiefly from the east (maximum over 100 in. 
in Guatemala and adjacent parts). Farther north the 
reverse holds true ; the Pacific slope north of 40“ latitude 
has an abundant rainfall (maximum over 100 in.), and its 
mountains are clothed with dense forests. There are largo 
areas of deficient rainfall (less than 20 in.) in the interior of 
the continent, where the intermontane basins and the pied- 
montese plains that slope eastward from the Rocky Moun- 
tains in middle latitudes are treeless. The areas afilicted 
with dryness are unsymmetrically distributed, being west of 
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the Medial meridian (95**^, because of the ranges near 
the Pacific by which rain is withheld from the basins and 
from the plains farther east The diyness is induced not 
only by light precipitation, but also by active evaporation 
in the warm season — a rule that holds true until a high lati- 
tude is reached. East of the medial meridian great profit is 
received from the warm and moist winds that are drawn 
inland from the water surface of the mediterraneans 
which so advantageously occupy the latitudes that are 
given up to the Sahara in the Old World. It is largely 
on this account that the central and eastern {>arts of the 
Mississippi basin enjoy a sufficient and well -distributed 
rainfall, producing forests or fertile prairies over great 
areas (rainfall over 40 in.). Regions of prevailing snowfall 
are chiefly in the north-west and north-east ; the former 
includes the higher ranges of the Western highlands in 
Canada and Alaska, where the snowfall from the Pacific 
winds is heavy, and extensive snowfields and glaciers are 
formed; the former includes Greenland, where a heavy 
ice-sheet shrouds the land, the snowfall of moderate mea- 
sure being probably supplied mostly from the relatively 
warm waters of the North Atlantic. In the northern 
continental interior snow covers the ground during the 
winter season, not that the snowfall is heavy but that the 
])ersistent cold weather preserves the moderate amount 
that falls. 

The (jxtension of the continent across the belts of the 
terrestrial wind system tends to turn branch winds from 
the westerlies toward the trades on the Pacific border, and 
from the trades toward the westerlies on the Atlantic 
border. This effect is strengthened in summer, when the 
higher temi^erature prevalent over the continent causes the 
air to flow away from above the lands, and to accumulat-e 
over the neighbouring oceans, on each of which a vast 
anticyclone is thereby established, — the circulation of the 
atmosphere over the North Atlantic and North Pacific 
thus coming to simulate the circulation of the surface 
WTiters of the oceans themselves. It is partly on account 
of this deflection of the summer winds up the Mississippi 
valley that the eastern interior of the continent receives a 
beneficent rainfall as already stated. In winter when the 
inflow from the south is replaced by an outflow, little rain 
or snow would fall but for the indraft winds of cyclonic 
fitorms by which the outflow appropriate to the cold season 
of the continent is temporarily reversed. The free play of 
the winds north and south over the great Medial plains 
permits indrafts from torrid and frigid sources, which some- 
times succeed each other rapidly, producing abrupt and 
fro(]uent weather changes. Something of the same con- 
trasts is produced by winds drawn in upon the eastern 
coast alternately from over the moist and warm waters of 
the Gulf Stream, and from over the moist and cold waters 
of the Labrador current. 

The southerly flow of the branching winds along the 
Pacific coast gives them a drying quality, and thus still 
further broadens the western arid region towards the 
ocean until it reaches the coast in southern California 
and north-western Mexico (rainfall less than 10 in.), there 
joining the arid belt of western Mexico, and presenting a 
strong contrast to the rainy forested coast farther north ; 
but although unfavourably dry, the southern California 
coast is one of the most truly temperate regions of the 
world, in respect of mildness and constancy of temperature. 
The drying winds cover all California in summer, but they 
migrate southward in the winter, giving place to the 
stormy westerlies. Thus California has a subtropical 
climate of wet winters and dry summers ; while north in 
British Columbia and Alaska there is plentiful rainfall all 
the year round, and farther south there is persistent 
aridity. 
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The fauna of North America (Nearctic) is more closely 
related to that of Europe-Asia (PaWarctie) than to tliat of 
any other zoogeograpUcal province ; thc^ two 
being united by many writers in one faunal 
province (Holarctic). The reindeer (caribou), bea\cr, and 
|)olar bear are common to both provinces. The moose, 
wapiti, bison, and grizzly bear of North America art* closely 
related to tlie elk, red deer or stag, aurochs, and brown 
bear of Eurasia ; and the following groups are well rejuo- 
sented in both provinces: cats, lynxes, weast;ls, bears, 
wolves, foxes, seals, hares, squirrels, marmots, lemming, 
sheep, and deer. On the other Land the following forms 
are characteristic of North America: {rodents) pouched 
rats or gophers, musk rat, prairie dog, Canadian porcu- 
pine ; {mrnivora) raccoon and skunk ; {•ungulates) musk 
ox, bighorn, Rocky Mountains goat, pronghorn ; {//wir- 
mjyial) oijossum. Among birds tliere is a close resemblance 
to those of Eurasia, with some admixture of Soutli 
American forms, as m the humming birds. The forms 
es^jecially characteristic of the northern continent are the 
Baltimore oriole, l)obolink, cow'bird, flycatchers, wood- 
warblers, Californian quail, tree grouse, sagt* grouse*, wald 
turkey, and turkey Imzzard. This house sparrow^ of 
Eurojie has been introduced, and has become very common, 
especially in the cities, where it is known as the English 
sjiarrow. Reptilian and amphibian groups are wvll n*] (re- 
sented ; turtles are especially numerous ; salamanders are 
varied and large ; rattlesnakes are among the more 
peculiar forms. Among fish, thti characteristic forms are 
the cyprinoids (carp), sturgeon, salmon, jiike, and esiK ci- 
ally the suckers, sunfish, mudfish {Amia\ and gar pike 
{Lepidostmsy The most characteristic group of inverte- 
brates is the UnionkUe or river mussi*lR. 

The floral areas of North America, limit( d by the geographic 
divisions of the continent, may be divided into five belts : 
the eastern forested area, the western forested area, 
the interior unforested area, the northern barren 
lands, and the Gulf coast. The eastern forested area 
extends from the Laurentian highland in Canada to the 
Great lakes, and southward east of the Mississqqn to the 
Gulf coast. In the north and along the mountains south- 
ward, the forests are largely coniferous, with a m.xture 
of birches, poplars, and maples. Southward, e-spec ally 
in the interior and at low altitudes, the conifers largely 
disappear, and oaks, hickories, plane-trees, tuliji- trees, 
walnuts, and other valuable dec.duous sjiecies abound. 
Throughout this belt lumbering is an important industry. 
Tho western fore^sted area Ix-gins in the eastern Rocky 
Mountains, and extends to the Pacific. Eastward in the 
mountains the forests are intersjiersed with and districts 
which increase in area southward. Northward, in Canada, 
the mountains of the middle Cordilleras are densely 
wooded wdth continuous forest. Near the middle PaeJic 
coast the forests attain a luxuriant development, the red- 
wood (^SVyMcwh) of California and Oregon sometimes reaching 
a height of from 300 to 400 feet. In this western forested 
area lumbering is extcnsividy carried on. The unforested 
an*a of the interior consists of two very dissimilar portions. 
The vast Tertile prairies extend from the Great lakes wTst- 
ward to the Great plains, and southw^ard west of the 
Mississippi, w*ith occasional eastward lobes at low’ altitudes. 
On these plains grasses and other herbaceous vegi'tatioii 
abound, and throughout this fertile Inilt agriculture is 
largely followed, the grain and hay crops l>eing ebiieciaHy 
important. Northw^ard in Canada the plains lx*coiiie 
W’ooded, the western mountains and the eastern highlands 
being thus connected by a narrow strip of foiest. South- 
westward and westward the fertile prairie gives w'ay to a 
vast arid region beginning on the Great plains and extend- 
ing as far as south-eastern California, and thenoe south- 
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'Ward into Mexico. On this broad desert few trees are 
fouud^ although piiioiis grow on the cliffs and ledges, and 
cottonwoods occur along the watercourses. The vegetation 
as a whole consists of ciicti, agaves, sage-brush 
and other plants adapted to arid conditions. North of 
the eastern forestcnl art‘a and east of the northern Cordil- 
lera are the “ barn*n lands,” with frozen subsoil, extending 
thence to the Arctic coast. The growing season here is 
short and the climate forbidding, so that trees cannot 
develop, although birches, jioplars, willows, and other 
geiuTa, which southward attain great size, are present 
as dwarf shrubs. The vegetation of this northern barren 
district, like tliat of bleak mountain summits southward, 
is very similar in character to that of other extreme boreal 
regions. Blueberries, crowberries, and some other small 
fruits are abundant, but the brief summer will not mature 
most crops of the temperate zone. The Gulf coast, on the 
other hand, supports a vegetation decidedly tropical in its 
nature. Somewhat developed in Florida and the other 
Boutlierii stat(^s, this flora becomes the prevailing one on 
the coast of Mexico and Central America, especially from 
the region of Vera Cruz southward, where the forests are 
largely composed of palms and live oaks, and where giant 
bamboos often attain a height of 40 feet. In these 
tropical forests many orchids and other showy plants of 
northern conservatories are native. 

North America, with an area of about 8,000,000 square 
miles (16 jier cent, of all the lands, or 4*12 per cent, of the 
Bconomlc earth’s surface), and a moan altitude of 

develop- about 2000 feet, at pnisont plays a part in 
ment oi luiiuan history that is of gi*eater importance 
th0 conti» tliaii is warranted by its size alone, although it 
luis not in this respect the extraordinary import- 
ance of Eurojie. The (jontinent has the good fortune to 
lie chiefly in a temperate rather than a torrid zone, and 
in teinjierate latitudes to be much nearer to Europe than 
to Asia, Whatever may have lieen the first home of the 
aboriginal inhabitants, the dominating people of to-day 
are derived from th() leading countries of the Old World. 
Not only so, temperate North America has become the 
most progressive })iirt of the continent because of receiving 
its new po])ulation chiefly from the most advanced nations 
of middle western Europe — Great Britain, Franco and Ger- 
many ; while tlie t(3rrid islands and the narrowing southern 
mainland of North America have lieen settled chiefly 
from the less energetic peoples of southern Europe; and 
the inhospitable northern lands are hardly entered at all 
by newcomers, except in the recently-diseoven^d gold fields 
of the far north-west. From the plantation of colonies on 
tiio eastern coast, the movement inland has been governed 
to a remarkable degree by physiogra])hic factors, such as 
form, climate, and products. The cities of the Atlantic 
harbours and of the adjacent lowlands still take a leading 
j_>art in industry and commerce, because of their longer 
establishment and of their relation to Eurojie. The up- 
lands, ridges, and mountains of the Appalachian system — 
the ‘‘Backwoods” of a century ago-— still remain rather 
thinly occupied excej)t at certain centres where coal or 
other carth-]u’oduct attracts an industrial [Ibpulation. 
Beyond the Alleghenies, the middle interior contains a 
very largo proix)rtion of habitable land. It was long ago 
recognized as a laud of great promise, and it is to-day a land 
of great performance, covered with a wonderful network of 
single-line railways, yielding an enormous product of grain, 
and developing industries of all kinds towards a future of 
mpidly increasing power. Indeed, within and closely around 
an area marked by the St Lawrence system on the north, the 
Ohio on the sou^, and stretching from the Atlantic coast 
between the Gulf of St Lawrence and Chesa{)eake Bay 
inland to the middle prairies, there is a remarkable con- 
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centration of the population, industry, progress, wealth, 
and power of North i^erica — ^the focus of attention from 
all other parts of the continent. The regions of the far 
north and north-east, including the greater part of the 
Laurentian highland and the extreme northern stretch of 
the Medial pl^ns and the Western highlands, remain and 
will long remain thinly populated. The furs of wild a'nimals 
arc their characteristic piquet. Timber is taken from their 
more accessible forests ; but only in mining districts does 
the jiopulatiou notably increase, as in the iron region 
around Lake Superior and in the recently -discovered 
Klondyke gold region. 

In the south-eastern United States lies a belt of coastal 
lowlands skirting the Appalachians, long blighted by negro 
slavery and still suffering under its consequences, not only 
Ixicause the institution of slavery demanded the importation 
of African savages, but even more because its per|)etuation 
held the slaves in ignorant poverty and made labour disgrace- 
ful, and still more l)ecause its abolition has not yet removed 
the race prejudice under which the progress of the negro, even 
only to political equality with the whites, is so long delayed. 
This is nowhere the case with European immigrants of 
whatever nationality or religion. The descendants of the 
early French settlers of Canada stand in political rights as 
well as in loyalty to the Government on an equal footing 
with the British citizens of the Dominion. The Italians 
of the cities, the Hungarians of the mines, the Scandi- 
navians of the northern prairies, the Irish and Germans 
everywhere are “Americanized” in the second or third 
generation, rapidly entering local and national politics, and 
hardly less rapidly attaining an honourable social standing 
as tested by intermarriage with English and other stocks. 
But the negro is set aside, even though ho has adopted 
the language and the religion of his former masters: 
political and social rights are denied him, and inter- 
marriage with whites is practically excluded, although 
mulattos are numerous. Thus has slavery left upon a 
j)eople, amongst whom political rights and social opportu- 
nities should be equal for all, the heavy burden that has 
always retarded progress whore strongly contrasted races 
arc brought together. Farther south still are the tropical 
islands and the narrowing mainland, rich in possible pro- 
ductiveness, but slowly developed because of a prevailing 
diversity and instability of government and lack of pro- 
gressive spirit among the jjeople. Here also there is a 
considerable proiK)rtion of negroes, but they live under 
less unhappy conditions than those now obtaining in the 
United States. 

West of the Mississippi in middle latitudes the popula- 
tion rapidly decreases in density, and over a large extent of 
the semi-arid plains it must long remain sparse. The settle- 
ments bordering the plains on the east longitude for a time 
marked the “ Frontier ” of civilisation, for the vast stretch 
of dry country was a serious barrier to farther advance. 
But the plains are now crossed by many railways leading 
to the Cordilleran region — the “ Far West ” — in large jjart 
too rugged or too arid for occu|)ation, but rich in minerals 
from one end to the other, the scat of many mining 
camps of unstable population, and containing numerous 
regular settlements in the intormontano b^ius. On 
nearing the farther ocean the climatic conditions improve, 
and the population is rapidly increasing in number and 
wealth ; this district not being content to take its name 
vrith respect to the east, not considering itself as included 
in the “ Far West,” but choosing the distinctive designa- 
tion of the “Pacific Slope,” and, while maintaining an 
active intercourse all across the breadth of the continent, 
already opening relations with the distant Orient by a 
new approach. Among the earliest results of the latter 
movement vnaA the arrival of Chinese labourers, a humble^ 
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industrious, and orderly class of men, but one which stands 
apart in langua^ religion, and race from the dominant 
population, lives largely without domestic ties, and gains 
neither political nor social standing in the New World. 

Two hundred years ago the ateriginal population of 
North America would have deserved description before the 
immigrant population. To-day the aborigines are displaced 
from all the most valuable iiarts of the continent. Never 
very numerous, they are now decreasing ; many tribes are 
alr^y extinct^ many more are almost so. Those which 
remain less diminished are in the Far North or North-West, 
where nature is rigorous; or in the trojacal forests of 
Central America where nature is overbounteous ; or in 
the more desert parts of the Middle West where nature is 
arid. The replacement of the native races by the foreign 
has too often been harsh, cruel, and unjust ; yet it has 
resulted in an advance of civilization. Many savage 
tribes, speaking many different languages, holding little 
intercourse with each other, and frequently engaged in 
intertribal wars, have given place in little more than two 
centuries to a great population of European origin, whose 
dominant parts speak one language, whose arts are highly 
advanced, whose home intercourse is most active, and 
whoso foreign commerce has attained unexpected propor- 
tions at the opening of the 20th century. (w m. d ) 

South America. 

Oranites and gneisses, supposed to be of Archaean age, 
occur at many })laces along the oast side of the Andes, in 
the highlands of Venezuela and near the coast 
about Caracas. There is a more or less con- 
tinuous area of granites along the watershed between the 
Amazon and Venezuela and the Guianas extending from 
the fall line on the Ounani, and the Araguay on the 
east to the mouth of Rio Mehi on the Orinoco, and 
the mouth of the ITauapes on Rio Negro. In this region 
the granites are overlapjKjd in many places by more recent 
beds of unknown age. In the highlands of Brazil south 
of the Amazon they are found at the falls of the Madeira 
river, on the Tapajos, at the falls of the Xingii on the 
south side of the Amazon valley, and along the eastern 
border of the continent, with certain short interruptions 
from Maranhao, Brazil, southward to Montevideo, at the 
mouth of the Rio de la Plata. The largest of these 
granite areas is the one along the east coast and in the 
highlands of Eastern Brazil, but even here it is more or 
less irregular in outline, and its exact limits are unknown 
except on the immediate coast. Associated with the 
granites and gneisses is a series of metamorphosed beds 
exposed over a still larger area. These include schists of 
various kinds, itacolumites, itabirites, slates, quartzites, 
and marbles. The series is more or less folded, faulted, 
veined, and cut by old eruptives. The age of these beds 
has never been definitely determined, for they have thus 
far yielded no fossils. In many places they bear a strong 
resemblance to the Algonkian series of North America, 
but their position would admit cciually well of their refer- 
enco to the Cambrian. In this series occur most of the 
mineral deposits of the eastern part of the continent — 
the gold veins of Venezuela, of the Guiana highlands, 
and of the gold regions of Brazil, and also the iron, 
manganese, diamonds, and tojtazes of Brazil. 

Rocks of Silurian age have been found in the Amazon 
valley, on the north side of the river east of jManaos ; in 
Bolivia, along the eastern slope of the Andes and near 
Cuyabd, about the headwaters of the Rio I^raguay. It 
is quite possible, even probable, that many of the un- 
fossiliferous beds, now provisionally referred to the 
Cambrian, are of Silurian age. The Amazon river along 
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its lower course, that is, east of Manaos, flows through a 
Devonian basin filled with rocks of later age. Near longi- 
tude 55‘*-56® W., Devonian rocks outcrop on both sides of 
the stream a little more than a hundred miles away from it. 
It is improbable that this Devonian basin extends far up 
the Amazon valley, for there are metamorphic rocks on 
the Rio Negro, a short distance above Manaos. In the 
highlands of Matto Grosso, Brazil, just* east of Cuyabii, 
Devonian rocks cap the hills. Devonian beds are known 
in Bolivia along the eastern slope of the Andes, and it 
seems probable that they extend north and south along 
the range for a long distance. In the state of Parand, 
Brazil, a Ijelt supposed to be of Devonian age crosses the 
state from north to south (Derby), dipjAng westward beneath 
a series of rocks referred to the Trias. 

The known areas of Carboniferous rocks in South 
America are small — one basin underlying the Lower 
Amazon valley contains marine fossils, having a Permian 
facies. Carboniferous rocks of about the same geological 
horizon are known also from the vicinity of Lake Titicaca 
in Bolivia. In the state of S,To Paulo, and extending into 
the adjacent states of Minas Geraes and Parand, is another 
Carboniferous or possibly Permian basin, but the fossils aic 
scarce and are not marine. The westeru and southern limits 
of this Sdo Paulo basin are not known at present. In the 
southernmost states of Brazil, namely, in Santa Catharina 
and Rio Grande do Sul, there are at least six s(q>arate 
basins in which coal of Carboniferous age occurs. One 
of these basins is on Rio Tubardo, near T^aguna, Santa 
Catharina ; another is on the Rio Verde, the hue between 
Santa Catharina and Rio Grande do Sul. In Rio Grande 
do Sul there is one coal basin at C]?andiota on the railway 
loading from Pelotas to Hagd, another near the south end 
of Arroyo dos Ratos, one 100 miles in length lies along 
the south side of Rio Vacacahy, and another is just west 
of the city of Porto Alegre. Overlying the rocks of C^ar- 
boniferous or Permian age in Minas, Sao Paulo, and 
Parana, Brazil, is a series of sediments and eruptives that 
have been referred provisionally to the Triassic. Thus far 
no fossils have been found in them. Rocks believed to I e 
of Triassic ago occur in Paraguay, near Diainantiiio, in the 
states of Matto Grosso, Brazil, and in Chile and Bolivia. 
Jurassic rocks are found in Chile, Bolivia, Peru, and the 
Argentine Republic, and it is possibh? tluit soiiui of thti 
Brazilian rocks previously refern*,d to the Triassic belong to 
the Jurassic. 

Rocks of Cretaceous age cover a large area in the 
interior of the stab's of Ceani, Piauhy, Parahyba, and 
Pernambuco in Brazil, while on the roost of the states of 
Sergipo and Alagflas there are Cretaceous beds containing 
an abundance of marine fossils. C.Vetaceous rocks are found 
in Ticrra del Fuego, in Southern Patagonia, in the province 
of Santa Cruz, Argentine Republic, and they extend 
northward along the eastern Hank of the Andes, with 
interruptions through Ecuador, Colombia, and Venezuela. 
On the west side of the Andes a narrow^ belt of Cretaceous 
extends nearly or quite the whole length of the continent. 
The coal or lignite beds of Southern Chile are iu the 
Laramie of the upjHir Cretaceous. Oetaceous rocks cover 
a part of the island of Trinidad, off the north coast of 
Venezuela, and the same C’retaceous liasin extends over a 
part of the Venezuela mainland. The rocks of this age 
on Trinidad are of organic origin, and it is from these 
that the remarkable pitch deposits of that i^land have 
been derived. 

Eocene Tertiary beds occur on the island of Trinidad 
and on the Venezuela mainland, but it is not known how 
far these beds extend to the south along the eastern 
border of the continent. Just south of the Rio Oyapok 
granites are exposed on the lower courses of the streamsi 
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but on the lower part of the Rio Araguay sedimentary 
beds form low hills, and extend along both the north and 
south sides of the Amazon valley for hundreds of miles. 
These bods have generally been regarded as Tertiary, but 
they have yielded no fossils, and their age is not known. 
There are fossilihjrous Tertiary beds of brackish water 
origin in the U]»per Amazon valley covering a large area, 
extending westward from Tabatinga, on the Brazilian fron- 
tier. Tertiary beds form a narrow licit along the coast of 
Brazil, probably from the Amazon valley to near Victoria 
in the state of Kspirito Banto. This belt is a hundred 
miles wide at some places, while at others it is only a 
Iraction of a mile in 
width, or is entirely 
wai I ti ng. At and for 
some miles north of 
Bernaiiibueo the fos- 
siliferous portions of 
these btids show them 
to be of marine 
origin ; south of Per- 
nambuco, on the 
coast of Alagdas and 
III the shite of Bahia, 
they are of fri'sh- 
water origin. The 
sandstone reefs of 
the Brazilian coast, 
the elevated beaches 
of Bahia and Kio 
de Janeiro, and the 
older parts of the 
coral reefs, may pos- 
sibly be of late Ter- 
tiary age. Beds 
known to belong to 
the Tertiary sjiread 
over a wide area in 
the valley of the Jiio 
de la Platii, and over 
the lowlands of 
Kastorn Argentina 
and Patagonia. On 
the west coast Ter- 
tiary rocks form 
much of the narrow 
plain between the 
Andes and the ocean, 
and there are l^esides 
isolaUul Tertiary 
liasins in the high 
|)tirts of the moun- 
tains. 

Some of the erin>- 
tive rocks of the 
Andes are ])ost-Tertiary, while others are pre-Tertiary. The 
cruptives of tlie l^aranii Imsin are newer than the Trias, but 
their age has not as yet been more precisely determined. 
All through the highlands of Venezuela, the Guianas, and 
Brazil, the older PaLeozoic rocks are extensively cut by 
eruptives. Along the north-eastern and south-eastern 
sides of th(3 continent, most of these eruptives are pre- 
Tertiary. In only one place —on the Abrolhos Islands 
— is there a dyke known to ks in rock of Tertiary age, 
while thej island of Fernando de Noronha is the only place 
on the eastern side of the continent at which a volcano of 
late geologic ago is known to have existed. 

The earliest land areas of the South American continent 
are approximately represented by the areas of old granites 
and gneisses. The largest of these is along the eastern 


border of the continent, reaching, with few interruptions, 
from a short distance south of the mouth of the A^zon 
river to the mouth of the Rio de la Plata. To 
the west of this land area there were probably 
many islands over what is now the interior of 
the continent. North of the present Amazon 
valley there was another and smaller land area or islands, 
where are now the highlands of North-eastern Brazil, 
South-eastern Venezuela, and Guiana. Another land area, 
or perhaps more correctly a string of islands, extended 
from the Falkland Islands the entire length of the 
west side of the continent. Against these shores the 

Cambrian or oldest 
sediments of the con- 
tinent wore laid 
down. 

At the close of 
Cambrian times 
elevations of the con- 
tinent added large 
tracts to the laud, 
but the Silurian seas 
still covered what is 
now the Paraguayan 
basin, and extended 
from the Serra do 
Mar on the Brazilian 
coast to the axis of 
th(i Andes, on the 
Pacific side of the 
continent. During 
the Devonian jioriod 
the laud area of the 
continent was 
greatly increased in 
the Brazilian high- 
lands, but the Devo- 
nian seas still cov- 
ered tlie interior of 
the continent, ex- 
tending from the 
Serra do Mar on the 
east to the Andes of 
Bolivia and Pern on 
the west, and form- 
ing a mediterranean 
sea over two hund- 
red miles wide and 
several hundred 
miles long in the 
Lower Amazon val- 
ley region. In Car- 
boniferous times the 
Amazonian inland 
sea was only slightly 
changed, but in the southern part of the continent the 
land areas increased enormously. In Southern Biuzil 
there were peat bogs, while farther north and west were 
shallow brackish water bays or estuaries. 

But little is known of the Triassic and Jurassic history 
of the continent. 

The Cretaceous history of the east coast is preserved in 
only a few fragments of sedimentary areas. About the 
mouth of Rio Sao Francisco the land sank, carrying 
beneath the water large portions of the states of Sergijie 
and Alag^as. What are now the highlands of the in- 
terior of Piaub^, Cear^ Pernambuco, and Parahyba were 
then under ^a-ter. The island of Trinidad was two-thirds 
under water at that time. On the west coast the land 
was lower than at present, and the ocean washed the base 
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of the Andes at many places. Here and there, however, 
along that coast were great peat marshes extending from 
Peru as far south as the Strait of Magellan. The sea 
covered what are now the plains of Patagonia and Argen- 
tina, and there was a wide bay between the low Andes 
ridges on the west and the Uruguayan peninsula on the 
east. 

In the early part of Tertiary times the land sank some- 
what, but the geography of much of the eastern coast was 
not greatly different from its present form. From ISanta 
Catharina to Victoria on the coast of Brazil tho shore was 
very nearly where it now is. From Victoria to CajK} St 
Boque the shore line was from a few miles to a hundred 
miles farther inland than it is at present. Much of the 
coast belt, however, was covered by freshwater lakes, and 
in the Amazon valley region it is possible that these kkes, 
or some combination of l&kes and estuaries, extended far 
up the valley. 

In Tertiary times, proliably at the end of tho Eocene, 
great changes took place in the geography of South 
America. The entire continent rose to an elevation 
much greater than that at which it now stands. The 
coast lines were carried oceanward on all sides, so that 
the continent was enormously larger than it is at pre- 
sent. The coast line was 200 miles to the cast of the 
Abrolhos Islands, which wore then a j)art of the mainland, 
and 300 miles east of Victoria, Brazil. The Falkland 
Islands were also a part of the continent, and it is 
even probable that South America joined New Zealand 
and Australia through the antarctic regions. Denudation 
was very active during this period, and enormous (quan- 
tities of tho Eocene sediments were removed from the 
land. Towards the close of Tertiary times tho continent 
sank again until the sea entered the Orinoco and Amazon 
valleys and made an island or group of islands of the 
highlands between Brazil, Venezuela, and tho Guianas. 
] )uring this period the valleys of Magdalena and Cauca 
and of Lake Maracaibo were covered by great bays. 
Still later a slight elevation added to the continental land 
area tho lower portions of the Orinoco, Amazon, and La 
I’lata valleys. During the Tertiary period volcanic activity 
culminated on the continent. The Andes rose, partly by 
continental uplifting, partly by faulting and folding, and 
partly by an upbuilding by tho volcanic ejectamenta, from 
a series of comparatively low ridges to be the great moun- 
tain chain of the world. Volcanic activity, which had 
previously characterized the west coast region, increased 
enormously, lava sheets were poured out along tho on tiro 
length of the continent, and enormous lava and cinder 
cones were built up about the craters. This volcanism 
was not confined to the Andes, but extended to the 
Patagonian plains, the highlands of the Paraiiji basin, the 
Abrolhos Islands, and as far east as the island of Fernando 
de Noronha. In recent times volcanic activity has entirely 
ceased along the eastern and north-eastern parts of the 
continent, and it has also subsided greatly, though it has 
not ceased altogether, along the west coast. The earth- 
quakes that still disturb the west and north-west coast of 
the continent are more or less the result of this diminished 
volcanic action. 

During Pleistocene times the southern end of the con- 
tinent as far north as latitude 27 on the west coast 
was covered with glaciers moving away from the mountain 
ranges. North of 27“ the glaciers did not flow down as 
far as the present sea-level, but they moved farther dowm 
the slopes of the higher portions of tho Andes than they 
do at present. During a portion of the Glacial epoch 
the southern end of the continent stood at a somewhat 
lower elevation than at present, and the sea covered the 
plains of Patagonia and La Plata. On the east coast 
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evidences of glaciation do not extend as far north as they 
do on the west coast. 

The South American continent rises abruptly from the 
ocean’s floor along nearly all its coast line, but the abruqit- 
ness of the continental margin is more marked ptyaicai 
on the western than on the eastern side. Con- 
tours of equal depth along tho west coast show snpty. 
that from Valparaiso to the Isthmus of Panama, a distance 
of 3000 miles, the great 
Andes ranges are but the 
upjier or subaerial portions 
of mountains rising from 
bases that lie 10,000 feet 
below the surface of the 
Pacific Ocean. South of 
Valparaiso the 10,000-foHt 
contour moves far off the 
coast, but opposite tho Strait 
of Magellan it approaches 
again within a distance of 
150 miles. East of Pata- 
gonia the 1000-feet contour 
is so far from the coast 
that it passes to the cast of 
the Falkland Islands, show- 
ing that this group stands 
upon a submerged conti- 
nental shelf. From tho 
mouth of the Bio de la Plata 
northward the 1000-feet sub- 
marine contour keeps at a 
distance of from 50 to 1 50 miles off the shore, nearly to 
Bahia, Brazil ; from Bahia northward clear around Cape St 
Bocpie this line is close to the shore, and the ocean’s bottom 
is steep, dropping abruptly to a depth of 5000 feet. The 
land relief of the continent of South America is charac* 
terized by — (1) the great range of lofty mountains which, 
with its narrow coast plain, follows its west coast from its 
northern to its southern extremity ; (2) comiw-ratively low 
and flat plains that slope eastward and soiithi^ard from 
the base of these mountains down the drainage basins of 
tho Orinoco, the Amazon, and the Paraguay ; (3) the 
high table-lands of Eastern Brazil. The physical features 
of the west coast are bold. South of latitude 41“, the 
coast is chameterized by a vast system of Ijords and 
islands, jirobably produced by the recent submergence of 
a region of bold mountains and steo])-bided valleys. The 
many islands, including Chiloe, Wellington, and Tierra 
del Fuego, are the higher portions that have remained 
above water ; while the Strait of Magellan (projHjrly 
Magalhaes), Smyth Channi*!, and the other deej) fjords 
that indent this coast line are the subiiierged vallejs. 
The scenery in Smyth Clianncl is remarkably fine ; the 
snow-clad mountains are visible on the east, while here 
and there glaciers flow dovn nearly or quite to the sea. 
Some of the islands am steep-sided peaks, mostly barn ri 
and uninhabited, and, in some cases, reaching an clc^a- 
tion of 4000 foot. The Strait of Magellan is 400 miles 
long, from 4 to 20 miles wide, and very deep. North of 
latitude 41“ the coast is but little indented, and there 
are but few good ports. From Cai>c Horn, \^hero tho 
southern submerged end of the Andes forms the islands of 
Tierra del Fuego to the Isthmus of Panama, the great 
Cordillera range follows the coast line closely, and at an 
even distance from it. The belt between tho ocean and 
tho mountains has an average w’idth of about 40 miles, 
and on rare occasions, when the weather is favourable, 
tho mountains arc visible from the sea nearly all the way 
from Panama to the Strait of Magellan. Along the 
northern part of the continent, from i^inama to Guayaquil, 
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the coastal belt is covered v^ith tropical vegetation ; but 
from Guayaquil southward to latitude SO"* much of the 
coast is a sandy, arid, and barren alkali desert. This arid 
belt is crossed here and there by streams flowing down 
from the high mountains, and along these streams are fertile 
valleys. Many of the streams, however, do not reach the 
sea, but dry up on their way across the coastal plain. 

The great mountain chain is neither a single continuous 
sliarp range nor a pair of ranges, but a bro^ ridge upon 
which rise many great isolated peaks. Towards its 
If® . northern end, however, this great range divides 
— one branch, the Western Cordillera, con- 
tinuing northward along and near the coast ; another, the 
Merida, swinging away to the oast, and, after certain 

breaks, ending east of Cara- 
cas in Venezuela, or, more 
properly, on the northern 
side of the island of Trini- 
dad; while a third branch, 
the Sierra de Terija, runs 
northward bcitweon the val- 
ley of the Magdalena and 
Lake Maracail^. On its 
west side the main Cordil- 
leran ridge is scored by 
narrow steep-sided valleys, 
while on its eastern slope the average grade is more gentle 
and the valleys are less preciy)itou8. Upon the Cordil- 
lerau ridge rise many of the highest mountain peaks in 
the world. The following are some of the highest and 
most noted of these peaks • 


P«ak. 

Aconcagua, Argentina . 


Elevation. 

23,080 

Biiow.Iine 

(aiHiroxiniaio). 

17,500 

Morcedario, Argentina 


22,315 

Tupungato, Argentina 
Illampu (Soratu), Bolivia 


21,550 

21,500 


Illimani, Bolivia 


21,030 

, , 

Sajama, Bolivia 


21,028 


Chimborazo, Ecuador . 


20, .545 

16,700 

Juncal, Chili . 


20,180 

San Jose, Chili 


20,020 


Cotopaxi, Ecuador 


10,613 

15,500 

Antisana, Ecuador 


10,33.5 

16',000 

Cay am be, Ecuador 


19,186 

16,000 

Tacora, Bolivia 


19,000 

Tolima, Colombia 


18,300 


Misti, Peru 

Altar, Ecuador 


17,934 

17,730 

14,000 

Maipo, Argentina 


17,670 

Sangai, Ecuador 

Illiniza 


17,464 

17,405 


Toilola, Argentina 


17,350 


Carihuairazo . 


16,750 

15,000 

Tiinguragua, Ecuador 


16,690 

Sierra de Santa Marta, Colombia 

16,640 


Siiichola^iui . 

, 

16,365 

15,300 

Cotocachi, Ecuador 


16,301 

14,500 

Pichincha, Ecuador 
Sara-urca 

• 

15,918 

15,502 

14,000 


There are several other peaks whose elevations exceed 
some of those given, but they have never been measured. 
The elevation of the snow-line u{)on these mountains 
varies somewhat, but it is lower on the east than on the 
west side. Of these j)eak8 Cotojjaxi, Tiinguragua, Maip6, 
and Sangai are the largest active volcanoes in the world. 

There are glaciers in the Andes immediately beneath 
the equator. The largest of these are upon Antisana, 
CayambiS, and Chimborazo, Altar, Carihuairazo, Cotocachi, 
Illiniza, Sara-urca, and Sincholagua (Whymper). Farther 
south in Chile and Argentina there are glaciers upon 
Aconcagua, Tupungato, &c., while in Patagonia along 
Smyth Channel and in the Strait of Magellan they are 
very large and flow down to the sea. The high Andes 
regions, even far below the lofty peaks, are cold, bare of 
vegetation, monotonous, and desolate. At a very few 
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places there are cities and towns in the high mountains ; 
Quito in Ecuador has an elevation of 9343 feet, Bogota in 
Colombia of 8665 feet, while La Paz in Bolivia is 12,000 
feet above the sea. The highest habitable portion gener- 
ally has an elevation of al^ut 8000 feet. But for the 
most part the lofty regions are unpeopled, so much so 
that this belt is ^own as the Detipoplado or the un- 
peopled country. The high barren belt is comparatively 
narrow in Peru, but it widens southward through Bolivia, 
Chile, and Argentina. It has an average width of about 
150 miles. (For further details see Andes.) 

The mountainous character of the western side of the 
continent ends abruptly in the Strait of Magellan. 
Northward along the east side of the continent the coast 
is flat as far as the northern |)art of Kio Grande do Sul. 
From latitude 3T 30' to latitude 29'’ 30' the coast is 
bordered by large brackish laketl At latitude 29** 30' the 
coast mountains of Brazil (the Serra do Mar) are near the 
ocean and follow the shore northward as far as latitude 
19* 30'. This piece from 29* 30' to 19* 30' is the most 
picturesque portion of the Brazilian coast. The moun- 
tains rise in many places directly from the seashore to an 
elevation of more than 2000 feet. Where their sides are 
not smooth bare granite, they are covered with luxuriant 
tropical vegetation from base to summit. The port of 
lUo do Janeiro, one of the most beautiful in the world, 
and the ports of Santos and Victoria as well, are formed 
by a late depression of the coast that admitted the sea to 
narrow submerged valleys that had been cut by denuda- 
tion on the margins of granite mountains. From lati- 
tude 20* northward the mountains swing inland, and the 
coast is low as far as Piado, latitude 17* 25'. North 
of Prado the coast is bordered by a wall of brightly 
coloured blufls from 50 to 250 feet high, whicli continue 
with interruptions almost to the mouth of the Amazon. 
About Cape St Roque the coast is covered with sand 
dunes. From the Abrolhos Islands (lat. 18*) northward 
to Cape St Roque there are many coral reefs. In some 
places these reefs are several miles off shore, as they are 
near the Abrolhos, and many miles in length and breadth ; 
in other places they follow the coast line for a hundred 
miles or more with few interruptions, now touching the 
shore and now standing out two or three miles from land. 
Occasionally there are small ports behind them. The 
most considcjrable break in their continuity is between the 
Bay of Bahia and the mouth of the Rio Sfio Francisco. 
Along this same coast are reefs of hard sandstone that are 
often mistaken for coral reefs. These stone reefs stand 
like artificial walls or breakwaters across the mouths of 
the smaller rivers and the choked-up valleys, and thus 
form several of the ports on this part of the coast ; such 
are Pernambuco, Natal, Porto Seguro, and several others 
of minor importance. 

The Seri*a do Mar, or Brazilian coast range, is the most 
prominent topographic feature of the eastern side of the 
continent. This range, or group of ranges, backed by a high 
plateau, is within sight of the ocean from the north-eastern 
corner of Rio Grande do Sul in Brazil (lat. 29* 30') to the 
mouth of Rio Doce, in S. latitude 19“ 30'. The following 
are the highest points that have been measured on the 
Brazilian highlands : — 


Peak. Elevation. 

Itatiaya, State of Bio de Janeiro 9840 feet 

Itajuba or Tembe, State of Sdo Panlo . 7800 ± ,, 

Organ Mountains, State of Bio do Janeiro . 7328 „ 

Fr^e, State of E^irito Santo . . . 6770 ,, 

Carack. State of Minas Qeraes . . 6284 ± ,, 

Itamoe, State of Minas Geraes . . . 5900 ± „ 

ItacolonUi State of Minas Geraes . 5748 „ 

Morro do Lopo, State of SSo Paulo . . 5250 „ 

Serra da Ou^a, State of Bio de Janeiro . . 4502 „ 

PyreneoB, State of Goyaz . . 4544 „ 
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There is an elevated region near the eastern comer of 
the continent on the water&ed between Rio SSo Francisco, 
Rio Jaguaribe, and Rio Ftodiyba do Norte. This water- 
shed is not a mountain range, but a broad and broken 
plateau with an elevation of about 3000 feet, and with 
individual peaks reaching 4000 feet above tide level. 

North of the mouth of the Amazon the coast is low, 
much of it is swampy, and all of it is forest-covered as 
seen from the ocean. This low coast extends across the 
Ouianas and Venezuela as far as the headland north of 
the Gulf of Faria, whore the Merida or Venezuelan branch 
of the Andes reaches the sea. Along this Guiana coast is 
a belt of low wooded land, beyond which the streams are 
not navigable save by canoea The highlands south of 
Venezuela and the Guianas, and north of the Amazon 
valley, form a broad plateau, above which rise several high 
peaks. The known peaks are ; — 


Roraima . 
Duida 
Maraguaca 
Taragua . 


8740 feet. 
8500 
8230 „ 
6000 „ 


This highland is mostly forest-covered, but there are in 
the area also large campos or open grass-covered plains. 

The Amazon, the Orinoco, and the Paraguay or La 
Plata river systems drain an area of 3,686,400 square 
miles. Less imposing, but yet large and im- 
^ portant streams are the Magdalena in Colombia, 

the Essequibo in British Guiana, and the Sfio Francisco 
in Brazil. The Amazon (properly the Rio das Amazonas 
or river of the Amazons) and its tributaries is not only 
the largest river in South America, but by far the largest 
in the world (q.v,) The total navigable length of the main 
stream, from Pard. to the head of the navigation on the 
Huallaga in Peru, is 3000 miles. This does not include 
the hundreds of equally navigable jiamllel side channels 
that accompany the main stream from its mouth almost 
to the mouth of the Javary. Above the falls, again, all 
these streams are navigable for long distances. The river 
is nowhere confined to a single channel, but its waters 
spread over an enormous fiood-plain and fiow with a 
sluggish current through thousands of side channels that 
anastomose with each other so that it is impossible for 
one not familiar with the stream to distinguish the main 
channel. In several places the river is so wide that one 
looking across it sees a water horizon as if he were looking 
out over the ocean. Indeed much of the region is more 
like a great freshwater sea filled with islands than it is 
like a valley with a stream running through it. For the 
most part the land along the river is low, fiat, and marshy, 
and under water a part of the time ; but at a few places, 
notably at Ererc, Obidos, Velha Pobre, Parii PkrauA-quAra, 
and Almeirim table-topped hills are visible from the river. 
The banks of the stream and of its side channels are every- 
where lined with a dense forest. The valley, however, is 
not all forest-covered. Beginning near the Oyapok on 
the Guiana frontier, a series of dry sandy campos or open 
grassy plains, interrupted by wooded river banks, follow 
along the north side of the river for about 700 miles. 
The Upper Amazon valley opens broadly towards the 
north-east and descends to the sea through the Orinoco, 
while towards the south the Madeira basin, through one of 
its upper branches — the Guaponi — unites with the basin of 
the Paraguay. 

The Orinoco proper {q»v,) rises in the highlands between 
Brazil and Venezuda, by a broad curve swings around the 
western end of these highlands, and then for 400 miles 
flows east into the Atlantic. Along its lower course the 
banks are covered with heavy forests. In its upi)er course 
the mountainous highlands are visible along its right 
bank, while on its loft are enormous stretches of flat, tree- 


less, grassKSOYered plains, extending to the foot-hills of the 
Cordillera de Merida. During high water, the low, flat 
country looks like a vast lake. The stream is navigable 
during a part of the year a distance of 1000 miles or more. 
Unlike the Amazon, the Orinoco has a great del to, and the 
stream enters the sea through many channels. 

Under the name of the Rio de la Plato may be in- 
cluded the Uruguay, the Parand, and the Paraguay, with all 
their tributaries. The plains of Argentina &?gin on the 
Amazonian watershed in the highlands of Matto Grosso, 
Brazil, and in Eastern Bolivia, and following down the 
valley of the Paraguay pass out of the drainage area of 
the Parand, properly sjieaking, and form the flat region 
lying between the foot-hills of the Andes and the Atlantic 
Ocean almost to the Strait of Magellan — a length for this 
plain of more than 2000 miles. The plains in the latitude 
of Buenos Ajnpcs and from there southward are low, nearly 
flat on the east side, and rise almost imperceptibly to the 
lower slo|)es of the Andes. They are mostly treeless 
deserts covered with tufts of coarse grass, with here and 
thero shallow pools of salt or brackisli water. There are 
many small volcanic ]:)eaks and some short mountain 
ranges over this great plain. 

The valley of the Paraguay is here and there heavily 
timbered, in other places it is a treeless or sparsely- 
covered grassy plain, and in still others it is a hilly, dry, 
and thinly-covered cainpo. The upper Paraguay river 
winds through gross-covered, meadow-like plains appar- 
ently as flat and boundless as the sea. Above this plain 
rise a few isolated peaks, like so many islands in a great 
lake. Only above the navigable jK)rtions of the stream, 
1700 miles from its mouth, does it flow through a hilly 
country. A noteworthy feature of the tributaries of the 
Paraguay is that many of those flowing down from the 
region of the Andes are more or less brackish, while the 
Uruguay and Parana and their tributaries entering from 
the rainy, forest-covered regions of Brazil, arc all frt‘sh- 
water streams. 

The Sao Francisco is the largest river that lies wholly 
in Brazil. It rises in the highlands not far from the 
coast in latitude 2U and flows north-east parallel with the 
coast until it reaches latitude 9" 30', where it bends 
sharply to the right and enters the Atlantic 360 miles 
south of Cape St Roque. It is navigable in its lower 
course, but at a distance of 140 miles from its mouth the 
falls of Paulo Afifonso, the “ Niagara of Brazil,” interruifi 
all navigation. The upper part of the river, however, is 
navigable for a long distance. Throughout its entire 
length it flows through a hilly or mountainous country. 

The Rio Magdalena in Colombia is a crooked, muddy 
stream entering the sea through two mouths ; it is navi- 
gable up to Honda (862 feet above tide-level) and hits a 
length of 2000 miles. Above the mouth of Rio Cauca, 
the mountains arc visible on both sides of the river. 

There are remarkably few freshwater lakes in South 
America, and most of these are in the Andes mountains. 
Lake Titicaca, near I^a Paz in Bolivia, is, in £^ 4 ^. 
resjKJct of elevation and position, the most re- 
markable lake of its size in the world. Its surface has an 
elevation of 12,545 feet, it covers an area of between 
4000 and 5000 square miles, has a maximum depth of 
700 feet, and never freezes over. Titicaca discharges into 
another shallow lake or marsh which is supposed to have 
no outlet. Lake Junin or Chinchaicocha on the plateau 
east of Lima in Peru has an area of 200 square miles, 
and an altitude of 13,380 feet. Along the eastern 
b^e of the Andes, in Southern Argentina, is a series 
of lakes whose b^ins were probably formed by the 
glaciers that formerly flowed down to the plams from 
the mountain ranges. There are many lakes over the 
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flood-plains of all the great rivers of South America, but 
these are phases of the rivers themselves rather than lakes 
in the ordinary sense. Lagoa dos Patos and Lagoa Mcrim 
on the southern coast of Brazil are shallow brackish lakes 
shut in by sandlianks thrown up by the sea. There are 
small lagoons, fcjrined in a similar manner, at many places 
along tlie coast in the states of Rio de Janeiro, Espirito 
Santo, and AJag6a8. Lake Maracaibo on the Venezuela 
coast is a narrow-necked bay rather than a lake. 

The eastern coast of the South American continent has 
remarkably few isknds, and those are all small, except 
Trinidad, off the coast of Venezuela, and the 
*’ islands in the mouth of the river Amazon. 
The island of Trinidad (area, 1755 square miles) is separated 
from the continent by the Gulf of Paria. Along the 
iiortliorn end of the island is a range of mountains about 
3000 feet high, which are geologically the eastern end of 
the Cumana range of the Venezuela mainland, with which 
they were formerly united. On the south side of the 
island is the famous pitch lake — the most extensive de- 
posit of asphalt knovm. The island of Fernando de 
Noronha, 230 miles off Cape St Ko(jU(j, is of volcanic 
origin, and has an area of 1 2 square miles. Although this 
island is sejiaratod from tlie mainland by a channel 13,000 
feet deep, it really stands on the deep continental shelf. 
The Itocas, a small coral island, lies SO miles west of Fer- 
nando de Noronlia. The shores of the Falkland Islands 
(area, (>500 square miles) are indented by h>ng tortuous 
channels that have the a])pearanc(‘ of having Iwien formed 
by the depression of a hilly land surface. One of these 
channels quite separates the two main islands. One peak, 
Mount Adams, lias an elevation of 2300 feet. The group 
is sejtarateil from the mainland by a shallow sea, while its 
flora and fauna show that it was formerly connected with 
the Patagonian mainland. 3’he Tierra del Fiiego group of 
islands and the other islands that border the south-west 
coast, from the Strait of Magellan to latitude 42", by 
their flora, fauna, the land forms and the forms and depths 
of the channels about them, show that they wore not long 
ago, geologically siioaking, a jiart of the mainland, from 
which they have become separated by the depression of 
the southern portion of the continent. This depression 
has admitted the sea to the lower valleys, making fjords of 
them, while the highlands and mountain tops remain pro- 
jecting from the water as islands.^ 

The flora of South America embraces a large number 
of 2>t3culiar types originating cither in the highlands of 
^ Brazil or in the Andes region. Several of our 
most useful plants anj natives of the Soutli 
Araijrican tropics. Among these are the rubber-producing 
plants, cotton, potatm^s, maize, the cinchona, Paniguayan 
tea, qiecac, vegetable ivory, coca, and the chocolate 2)lant. 
Other tropical and subtropicial plants, such as coffee, 
sugar-cane, oranges, Jind bananas have been introduced, 
and are extensively cultivated. The flora of the Amazon 
valley may be taken as the tyi )0 of that of the moist 
valleys. The forests are almost irajHjnetrable ; roads 
through them are soon closed by the rank groviiih, and 
vines, creojiers, and climbing i)lants turn them into verit- 
able mats down to the water’s edge. Bamboos reach an 
enormous size and form extensive thickets along certain 
streams. Palms are the most characteristic and beautiful 
troiM, and reach their greatest development in the Amazon 

^ The continent of South America has nearly all l)oen explored after 
a fashion, but much of it has never been mapped. The statements 
frequently met with to the effect that there are large unexplored 
tracts should be taken with allowances. Tlie various governments 
have concerned themselves but little with explorations and mapping, 
and whatever has been accomplished has been done incidentally 
rathei than for the direct purpose of determining the geography and 
topogrA])hy. 


valley. They take on a great variety of forms : some have 
a height of 100 feet or more, others are no larger than a 
lead pencil and only a. yard high; some are tninkless, 
while others are slender and climb like vines. A note- 
worthy feature of these tropical plants is that they seldom 
form forests of a single or of a few species, as so often 
occurs in the temperate zones. The shaded woods of the 
forests in many places abound in beautiful ferns, some of 
them reaching the dimensions of trees. The plants of the 
campos and jdains have a stunted appearance. The 
grasses are wiry and tough, in places sjireading evenly 
over thousands of square miles of nearly level marshy 
lands, as in the Gran Chaco of the Paraguay valley, in 
others growing in tufts over the sandy plains. In the 
high table-lands of Southern Brazil, the araucarian pine 
grows in beautiful forests as far north as Barbocena, state 
of Minas. In the north-west, the western slopes of the 
mountains are covered witli a dense tropical vegetation 
high up tlieir sides, while on the east they are conqmra- 
tively bare. In the high mountains, the flora, though 
scant, resembles that of temperate regions. Sixty per 
cent, of the genera are like those of the temperate zones, 
but the species are peculiar to the Andes. On the lofty 
IKjaks Whyinper collected, of flowering jilants, fifty-nine 
species above 14,000 feet; thirty -five species above 
15,000 feet ; and twenty species above 16,000 feet. 

The fauna of South America includes a large number of 
species, but relatively a small number of individuals. 
VVith local exceptions, this seems to be true of 
all the forms of life. The land mammals are 
nearly all small. Ther(» are many species of monkeys, all 
of them arboreal. The only rtqitiles that are at all 
abundant are lizards, and, in some places, alligators. 
There are only two largo snakes, the boa constrictor and 
the water boa, and they are not abundant. The other 
kinds of snakes arc nqiresented by a small number of 
individuals. Certain ruminants having long woolly hair, 
the llamas, al]jacas, and vicunas, arc found only in the 
high Andes. The llama has been domesticated, and is 
used for carrying small burdens. The condor, the largest 
living bird of flight, inhabits the lofty Andes. The 
insects of the highest jicaks are related generically, but 
not specifically, to those of the tenqxjrate latitudes of 
North America, a fact interj^rcted by biologists to mean 
that, probably on account of some obstacles to free move- 
ment since the Glacial epoch, there has been no migration 
along the Andes during the existence of living species. 

(j. c. Bn ) 

South Anierican Mateorology, 

South America lies between the mean annual isotherms 
of 40’ and 80’ J^ahr. The northern and north-eastern 
jKirtions of the continent, down nearly to the 
tropic, are within the district enclosed by the 
mean annual isotherm of 80’, The cold Peruvian cur- 
rent deflects the isotherms strongly ©quatorwards along 
the Pacific coast, e8j)ecially between latitudes 30’ S. an<i 
the equator, while these same isotherms loop strongly 
polewards over the land. The equatorward deflexion on 
the west coast results in giving i)laccs on that coast much 
lower temperatures than those of stations in corresiiond- 
ing, or even considerably higher, latitudes on the east 
coast. Lima, in latitude 12’ B., has a mean annual tem- 
perature of 66 *2’ ; Rio de Janeiro, which is nearly on the 
tropic on the east coast, has a mean annual of 72*1’. The 
mean annual temperatures on the Atlantic coast between 
latitudes 30’ and 40’ S. are al>out 5’ higher than those in 
corresponding Jatitudes on the Pacific coast. The average 
position of the heat equator (axis of the equatorial belt of 
high temperature) is on the immediate sea-coast in North- 
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eastern Brazil, wbeoce the line runs north-west i)arallel 
with, but somewhat inland from, the coast of Guiana and 
Venezuela. In Januaiy the heat equator moves to about 
15” S. in Brazil, while in July it migrates northward be- 
yond the limits of the continent. In the former month 
the isotherm of 50* crosses the southernmost extremity of 
South .Ajnerica. In July the isotherm of 30“ is found 
somewhat to the south of Cape Horn. Thus the southern 

summer is not marked by ex- 
cessively high mean tempera- 
tures, and the southern winter 
is moderate, even in the 
higher latitudes. The mean 
annual range of tcm^icrature 
is very small over all of South 
America. Over the northern 
portion of the continent, in- 
cluding Peru, Northern 
Bolivia, and the greater part 
of Brazil, it is less than 1 0“. 
Over a considerable part of 
this same area the range is 
even less than 5". South of 
the tropic and oast of the 
Andes the ranges increase to 
between 30“ and 40“ in 
Northern Argentina. In 
Chile, on the other hand, they 
are less than 20”. The whole of the narrow western coastal 
strip thus has a very moderate climate. Even in the higher 
latitudes the winters are very mild ; the summers distinctly 
cool. Over a portion of the coasts of Guiana and of Eastern 
Venezuela the mean minimum temperatures average over 
68“. The lowest mean minima are found in the interior east 
of the Andes and south of latitude 20“ S. Temperatures 
below 32“ occur normally every winter over the highlands 
of the southern interior of Brazil, and thence southward 
over the interior of Argentina. The highest mean maxima 
(101“) occur in the northern portion of Argentina. All of 
the west coast has decidedly lower maxima. Throughout 
the mountainous region of South America altitude controls 
temperature to a marked degree. Places situated far 
above sea-level (c.<jr., Quito) enjoy “ perpetual spring ” tem- 
peratures. On the high |)eaks, even on the equator, there 
is eternal snow. 

For the mean of the year the barometric equator crosses 
South America closely along the line of the geographical 
equator, running north of it on the western 
M^wittda. The middle ])ortion of the continent is 

under the control of the tropical high pressure 
belt, while over the southern extremity the i)rcssuro 
decreases rapidly towards the S(juth pole. The seasonal 
migration of sun and heat equator involve a sympathetic 
migration of l)arometric equator and tropical high i)res8ure 
licit. In January the barometric equator moves south to 
about lat. 10“ in Brazil, \vhile the axis of the trojncal 
high pressure belt lies about along 30“ 8. lat. in the 
Atlantic, and 35“ S. lat. in the Pacific. In July the 
barometric equator lies along the northern coast, and the 
axis of the tropical high pressure b(dt is also farther north 
than in January. S^sonal changes and mean monthly 
ranges of pressure are slight. The broad northern portion 
of the continent east of the Andes, and north of the 
tropical high pressure belt, is in the trade-wind zone. Here 
the trades prevail as a rule, except w^hen the sun is most 
nearly overhead. They are then replaced by the equa- 
torial belt of calms and rains, which migrates north and 
south over this portion of the continent, following the 
sun. The west coast within the trade-wind latitudes 
south of the equator has its own system of winds, which 


371 

are under the control of the tropical high pressure area of 
the Pacific, and blow from a southerly direction. The 
winds of extra-tropical South America are also chiefly 
controlled bv the tropical anti-cyclonic areas of the South 
Atlantic and South Pacific oceans. The ft)rmer of tliese 
areas gives easterly and south-easterly winds in the lower 
latitudes of the eastern portion of the continent, and pre- 
vailing north-westerly winds in the higher latitudes. On 
the west coast strong south- 
erly winds blow with trade- 
like regularity north of the 
Pacific anti - cyclone, while 
north-westerly wdnds prevail 
to the south of it. The sea- 
sonal migration of these areas 
of high pressure involves a 
corresponding shift in the 
wind systems under their 
control. In summer south 
and south-west winds prevail 
along the west coast between 
30“ and 40“ 8. lat. South of 
40“ S. lat. north and north- 
west w’inds predominate. In 
winter the winds l)etween 30“ 
and 40“ 8. lat. are variable, 
with some calms, while the 
ivest and north-west winds 
blow nearer the equator than in summer. In eorrespomling 
latitudes on the east coast there is also a nortlnvard exten- 
sion of the limits of the north-west winds in winter. In 
Argentina north-east, east, and south-east winds increase in 
summer, and north, north-w^est, and west winds in winter, 
in the mountains there are local winds, much influenced 
by topography. 

Darwin first distinctly emphasized the essential charac- 
teristics of South American rainfall. In the latitudes of 
prevailing easterly winds (trades) the eastern 
side of the continent and the eastern sIoih^s of 
the Andes are well watered, w'hile the w’estern slopes are 
comparatively dry. In the latitudes of prevailing w esterly 
winds the western slopes of the mountains have the most 
precipitation, while the eastern side ib dry. The rainfall 

is considerable (60-80 inches 
and over) on the elevated 
windward coasts of the con- 
tinent (Guiana, South-east 
Brazil) within the trade-w'ind 
hits, as it is on the eastern 
slopes of the Andes, and over 
an extended area along the 
Amazon. Within the south- 
east trade belt there is not- 
ably less rainfall in the lee 
of the highlands of South- 
east Brazil, and the rainfall 
also decreases rapidly in tlie 
interior over the more 
southern latitudes of this 
same belt. The migration 
of the belt of equatorial calms 
and rains over the nortliern 
portion of South America involves a seasonal rainfall over 
the greater part of the trade-wind latitudes. Th(*re is a 
dry season while the trade blows, and a niiny season 
while the equatorial rainy belt is (overhead. The coast of 
Guiana, and Pernambuco and Bahia have winter rains. 
The west coast within the trade-wind latitudes, from 4® S. 
lat. to about 30“ S., is very dry. It is shut off from the 
trades, and has southerly, cool, non-rainy winds. Along 
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this desert coastal strip it seldom rains, but rain and snow 
fall on the mountains of Peru and Bolivia during the 
summer. North of lat. 4** 8. there is abundant rainfall 
from the equatorial rainy belt, reaching 160 inches a year 
on the coast of Colombia north of the equator. Near the 
west coast the migration of the equatorial rain belt pro- 
tluces two rainy and two dry seasons at certain stations 
nearly on the equator (Quito and Bogota). Within the 
latitudes of the prevailing westerly winds, the rainfall 
reaches KO intshes annually along the southern coast of 
( vhile. East of the Andos, over much of the pani{)as of 
Argentina and Patagonia, the average is under 10 inches. 
Towards the southern extremity of the continent the rain- 
fall east of the mountains increases again, reaching 40 
inches a year in the extreme south-east. There is a 
seasonal distribution of rainfall in Chilo wdiich <lepend8 
up(3n the migration of the troj)ical high prc'ssure belt. 
Northern Chile, north of about 30® B. lat., is always dry. 
»Southern Chile has rain throughout the year, Uicause it is 
always under the regime of the prevailing westerly winds, 
fn the central portion there are rains only in winter, when 
the w(5storlies impinge on that coast. Cyclonic storms do 
not occur north of the latitudes occupied by the prevailing 
westerly winds, but are very common in the high southern 
latitudes. The winter rains of Central (^hile come in con- 
nexion with the cyclonic storms of that season Thunder- 
storms jire most frequent over the north-west coast, as far 
south as 4“ B. lat., and occur in ccmsiderable nuralnsrs over 
all of tropical South America, except the arid west coast. 
The violent summer thunderstorms ol' Argentina and 
Uruguay (]:)ampero8) often do serious damage to shipjwng 
in the Ilio de la Plata estuary. 

South America may lie divided into six climatic 
provinces (following Supan). The first (“Trojneal Cor- 
dilleran ”) inclmles the extreme north-western 
p^lnceM. (coasts of (Colombia and Ecuador), with 

“ perjiotual sjiring climates at high altitudes, 
high tijinperatures near soa4evel, and tropical rains. The 
second (“Tropical ”) takes in the vast northern and north- 
eiistern territory east of the Andes, and reaches somewhat 

south of the tropics. This is 
under the control of trades 
and equatorial rains, and has 
mean annual temperatures 
over 80". The third {** Peru- 
vian ”) ext(jnds along the 
l^acific coast to 30” B. lat., in- 
cluding Northern Chilo. This 
province is abnormally cool, 
and rainless. The “North 
Chilian ” province, adjoining 
it on the south, has a sub- 
tropical climate, with winter 
rains. Farther south the 
“ South Cyhilian ” province, 
which takes in also the ex- 
treme southern extremity of 
the continent, is very rainy 
and has equable tempera- 
tures throughout the year, 
with cool summers The sixth (“Pami>a”) province, 
which includes the section east of the Andes and south of 
the tropical province, has a fairly large range of temiwra- 
ture, especially in the north, while rain is not plentiful. 

The following brief list includes some of the last notable 
additions to our knowledge of the geography of South 
Amcri(‘a ; — 

IIexri a. Coudreaxt. JSKudes sur lea Chiyanea et VAmassmU, 
Paris, 1 SS6. — IIen HI A. Cotxdre ait. Voyages A travera lea Quyanea 
et VAmazonie. Paris, 1887. — Karl voi? den Stbinen. HeUa^ 
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ackiUUrwag wad Ergdmiaaa dir zweiUr SMngd Expeditwn, 1887^ 
1888, Berlin, 1894.>^£dwabd Wutmper. Travda amongst the 
Great Aaidea of the Eguater. London. 1892.— Tbodoro wolf. 
Oeograjia y Geologia del Ecuador, Leipzig, 1892. — £. A. Fitz- 
gerald. Tha Highest Andes, London, 1899.—^ Topogra^ic 
Surety of the State oj Sdo J^aulo, Brazil, under the direction tf 
0. A. Derby, H. E. Williams, ddef topographer. In course of 
publication at Sfto Paulo, Brazil.—^ Topographic Survey of the 
State of Minas Geraea, Brasil, under the direction of Alvaro da 
SiLVEiRA. In course of publication at Bello Horizonte, Minas 
Goraes, Brazil. 

^ also for OUmate. — Hann. Handhuch der Klimatologie, 2nd 
edition, Stuttgart, 1807. (The most complete discussion of South 
Amoiican climates. Gives numerous references. ) — Bartholomew’s 
Physical Atlas, vo\, ill, “Meteorology,” London, 1899. (Charts 
of temperature, pressure, winds, rainiall, &c., with discussion.) 

(b. dk c. w.) 

American Ethnology and Abchjsology. 

The opinion is now well-nigh universal among anthro- 
pologists that the American aborigines came from the 
Old World. Whether with Payne it is assumed 
that in some remote time a speechless anthro- ^ 

poid iiassed over a land bridge, now the Bering mbortginee. 
Sea, which then sank behind him; or with 
Dawkins and Brinton, that the French cave man came 
hither by way of Iceland ; or with Keane, that two sub- 
varieties, the long-headed Eskimo-Botocudo type and the 
Mexican round-headed type, prior to all cultural develop- 
ments, reached the New World, one by Iceland, the other 
by Bering Sea ; or that Malayoid wanderers were stranded 
on the coast of South America; or that no breach of 
continuity has occurred since first the march of tribes 
began this way — ethnologists agree that the aborigines 
of the western came from the eastern hemisphere, and 
there is lacking any biological evidence of Caucasoid or 
Negroid blood flowing in the veins of Americans before 
the invasions of historic times. This time question is one 
of geology. 

Following Motes and Queries on Anthropolof/y^ published 
by the British Association for the Advancement of Science, 
the study of the American aborigines divides itself into 
two ]:)artB : that relating to their biology, and that relating 
to their culture. In the four subdivisions of humanity 
based on the hair, the Americans are straight-haired or 
Mongoloid. But it will free this account of them from 
embarrassments if they bo looked upon as a distinct sub- 
species of llorm sapdens. Occupying 135 degrees of 
latitude, living on tho shores of frozen or of tropical 
waters; at altitudes varying from searlevi;! to several 
thousands of feet ; in forests, grassy prairies, or deserts ; 
here starved, there in plenty; with a night here of s’x 
months' duration, there twelve hours long ; here among 
health-giving winds, and there cursed with malaria ; this 
brown man became, in different culture provinecis, brunette 
or black, tall or sWt, long-headed or short-he^ed, and 
developed on his own hemisphere variations from an 
average type. 

Since the tribes practised far more in-breediug than 
out-breeding, the tendency was toward forming not only 
verbal linguistic groups, but biological varieties; tho 
weaker the tribe, the fewer the captures, the greater the 
isolation, and harder the conditions — ^producing dolicho- 
cephaly, dwarfism, and other retrogressive characteristics. 
The student will find differences among anthropologists in 
tho interpretation of these marks — some averring that 
comparative anatomy is worthless as a means of sub- 
dividing tho American subspecies, others that biological 
variations point to different Old World origins, a third 
class believing these structural variations to be of the 
soil. The high «cheek-bone and the hawk's-bill nose are 
universally distributed in the two Americas ; so also are 
proportions between parts of the body, and the frequency 


AMERICA 





antheopology] 

of certain abnormalities of the skull, the hyoid bone, the 
humerus, and the tibia. Viability, by which are meant 
fecundity, longevity, and vigour, was low in average. 
The death-rate was high, through lack of proper weaning 
foods, and hard life. The readiness with wliich the 
American Indian succumbed to disease is well known. 
For these reasons there was not, outside of southern 
Meidco, northern Central America, and Peru, a dense 
X>opulation. In the whole hemisphere there were not 
over ten million souls. 

The materials for studying the American man zoologically 
exist in the form of collections in Peabody Museum, Cam- 
bridge, Massachusetts, the Academy of Natural Sciences 
in Philadelphia, and the United States National Museum 
in Washington. Professor Putnam measured for the 
World’s Columbian Exposition 17,000 living Indians, 
and the results have been summed up by Boas. The 
breadth of the Indian face is one centimetre more than 
that of the whites, and the half-breeds are nearer the 
Indian standard ; this last is true also of colour in the 
skin, eyes, and hair. In stature, the tall tribes exceed 
170 cm.; middle stature ranges between 166 and 170; 
and short tribes are under 166 cm. The Indians are on 
the whole a tall people. Tribes that have changed resi- 
dence have changed stature. The tallest statures are on 
the plains. The mountains of the south-east and of the 
west reveal the shortest statures. The whole Mississipx>i 
Valley was occupied by tall peoples. The Athapascans of 
New Mexico are of middle stature, the Pueblo ijeoples are 
short. The Shoshone, Shahaptin, and Salish tribes are of 
middle stature ; on the coast of British Columbia, Puget 
Sound, in Oregon, and Northern California, are the shortest 
of all the North Americans save the Eskimo, while 
among them, on the Columbia, are taller tribes. The 
comparison of cranial indexes is rendered difficult by 
intentional flattening of the forehead and undesigned 
flattening of the occiput by the hard cradle-board. The 
Mississippi Valley tribes are nearly brachyceiffialic ; the 
index increases around the Great Lakes, and lessens farther 
east. The eastern Eskimo are dolichocephalic, the 
western are less so, and the Aleuts brachycephalic. On 
the North Pacific coast, and in spots down to the llio 
Grande, are short heads, but scattered among these are 
long heads, frequent in Southern California, but man 
northward to Oregon, as well as in Sonora and some Bio 
Grande pueblos. In the regions of greatest linguistic 
mixture is the greatest heterogeneity of cephalic index. 

The concepts on which the peoples of the Old World 
have been classifled, such as stature, colour, skeletal 
measurements, nationality, and so on, cannot as 
yet be used in America with success. The only 
basis of division practicable is language, which 
must be kept separate in the mind from the others. How- 
ever, before the conquest, in no other |)art of the globe did 
language tally so nearly with kinship. Marriage was 
exogamic among clans in a tribe, but practically, though 
not wholly, endoganiic as between trills, wife and slave 
capture being common in places. In his family tree of 
Homo Americanua Keane follows out such a plan, placing 
the chief linguistic family names on the main limbs. 
North American on one side, and South American on the 
other. Deniker groups mankind into twenty-nine races 
and sub-races. Americans are numbered thus : — 21, South 
American sub-race; Palaeo-Americans and South Americans. 
22, North American sub-race; tall, mesocephalic. 2.3, 
Central American race ; short, brachycephalic. 24, Pata- 
gonian race; tall, brachycephalic. 25, Eskimo race; 
short, dolichocephalic. 

Zoologists divide the earth into biological areas or 
regions, so both archssologists and ethnologists may And 
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it convenient to have in mind some such scheme of pro- 
vinces as the following, named partly after the dominant 
ethnic groups ; — Eskimo, on Arctic shores ; Dene, 
in North-western Cana^ ; Algonkin-Ii’oquois, 

Canada and Eastern United States ; Sioux, plains ^ ^ 
of the west; Muskliogee, Gulf States; Tlinkit-Haida, 
North Pacific coast; Salish-Chinook, Fraser-Colunibia coasts 
and basins; Shoshone, interior basin; Calif ornia-Oregon, 
mixed tribes; Pueblo i>rovince, South-western United 
States and Northern Mexico ; Nahuatla-Maya, Southi^rn 
Mexico and Central Amenca; Cliibcha-KccJma, the Coi- 
dilleras of South America ; Carib-Arawak, about Caribbean 
Sea; Tupi-Guarani, Amazon drainage ; Araucanian, Pam|)a& , 
Patfiigonian, peninsula; Fuegian, Magellan Strait. It is 
necessary to use geograpliical terms in the case of Cali- 
fornia and the North Pacific, the (Caucasus or clfxica gevtiv/ni 
of the western hemisphere, where were pocketed forty 
out of one hundred or more families of native tribes. 
The same is true in a limited simse of Matto Grosso. 
That these areas had deej) significance for the native' races 
is shown by the results, both in biology and culture. The 
presence or absence of useful minerals, plants, and animals 
rendered some congenial, others unfriemlly ; some areas 
were the patrons of virile occupations, others of feminine 
pursuits. 

Among the languages of America great difleronces exist 
in the sounds used. A collection of all the j>houetic 
elements exhausts the standard alplialK'ts and 
calls for new letters. A comparison of one family 
with another shows also that some are vocalic and soft, 
others wide in the range of sounds, wliile a third set are 
harsh and guttural, the speaking of thimi (according 
to Payne) resembling coughing, barking, and sneezing 
Powell also thinks that man lived in America In'fore he 
acquired articulate speech. The utterance of these sjx ech 
elements in definite order constitutes tlui roots and sentences 
of the various tongues. From the manner of assemblage, 
all American languages are agglutinative, or holophrastic, 
but they should not be called poly synthetic or incorj>oia- 
tive or inflexional. They were more or less on the ^^ay 
to such organized forms, in which the world’s literatures 
are preserved. As in all other languages, so in those of 
aboriginal America, the sentence is the unit. Words and 
phrases arc the organic jiarts of the sentence, on wliich, 
therefore, the languages are classified. It is on this basis 
of sentential elements that Powell has arranged the 
linguistic families of North America. He lias brought 
together, in the Bureau of Ethnology in Washington, 
many hundreds of manuscripts, written by travellers, 
traders, missionaries, and scholars; and, better still, in 
resi>onse to circulars, carefully-prejiarcd vocabularies, texts, 
and long native stories have bc*en written out hy trained 
collectors. A corps of specialists — Boas, Dorsey, Gatschet, 
Hewitt, Mooney, Pilling — have studit*d many of these 
languages analytically and comiiaratively. Other iiistitii- 
tional investigations have been prosecuted, the result of 
all which will be an intelligent comprehension of the 
philology of a primitive race. 

Attention is frequently called to the large number of 
linguistic families in America, nearly 200 having been 
named, embracing over 1000 languages and dia- 
lects. A few of them, however, occupu'd the 
greater part of the lands both north and south 
of Panama ; the others were encysted in the territory of 
the prevailing families, or concealed in cvls-de-sac of the 
mountains. They are, through poverty of material, un- 
classed languages, merely outstanding phenomena. Fac- 
tions separated from the parent body developed dialects 
or languages by contact, intermarriage, and incorporation 
with foreign tribes. To the old-time lielief that languages 
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multiplied by splitting and colonizing, must be added tbe 
theory that languages were formerly more numerous, and 
tliat thost5 of the Americans were formed by combining. 

The families of Noilh America, Middle America, and 
South America are her(5 given in alphabetical order, the 
prevailing ones in small capitals : — 

Aloonquian, £. Can., N. Atlaniio States, middle States, middle 
Western States; AthapasC/VN, N.W. Can., Alaska, Wash., Or., 
^ Cal., Anz., Mex. ; AttoeaiMwi, ; Beotliukaii, Neva 

jsortu Stjotia ; Caddoan, Tex., Neb., Dak. ; Chimakuan, 
Ameiicm. . chimarikan, N. Cal. ; Cuimmesyan% Hnt. 

Ciil. ; Chinookan, Or. ; Chitiinachan, La. ; Chumashan, S. Cal. ; 
( )oahuiltocan, Tex. ; Copohaii, N. Cal. ; Costanoau, Cal. ; Rskimauan, 
Arctic province; Kasolenian, Cal.; Ihoquoian, N.Y., N.C. ; 
Kalapooian, Or. ; Karaiikawan, Tex. ; Keresan, N. Mcx. ; Kiovvan, 
Nob.; Kitcnahan, Brit. Col.; Kolitrohan, S. Alaska; Kula- 
napan, Cal. ; Kusan, Cal. ; Lutuainian, Or. ; Marinosan, Cal. ; 
Morpiclumiian, Cal. ; Muhkhogean, Gulf States ; Natijherax, 
Miss. ; Palaihiiihaii, Cal. ; Piman, Ariz. ; Pujunan, Cal. ; Quota* 
teaii, Or. ; Saliuan, Cal. ; SAhisiiAN, Brit. Col. ; Sastean, Oi. ; 
Shah Am AN, Or. ; Shoshonean, Interior Basin ; Siouan, Mo. 
A'alloy; Skiti'aoetan, Brit. Col,; Takilman, Or.; Tanyoan, 
Mex. ; Timuquanan, Fla. ; Tonikan, Miss. ; Tonkawan, Tex. ; 
IJolieau, Oa. ; Waiilatpuan, Or. ; Wakarhan, Vancouver I. ; Wa- 
slioan, Nev. ; Woitsp^an, Or. ; Wishoskan, Cal. ; Yakonan, Or. ; 
Yanan, Or. ; Yukian, Cal. ; Yuman, L. Cal. ; Zunyan, N. Mex. 

CiiAi'ANEOAN, Chi. ; Chinanteoan, Oax. ; Chonlalan, So. Mex. ; 
Iluatusari, Nic. ; Lencan, Hon. ; Mayan, Yuc. and (iuat. ; Na- 
jutAAu tihati.an, Mex. ; Otomitlan, Ccn. Mex. ; Raman, 
AmBficM ; Subtiaban, Nic. ; Tarascan, Mich. ; Tohuante- 

pooan. Isthmus ; Te((ui8tlatecan, Oax. ; Totonaoan, 
Mev. ; Triq Ilian, So Mex. ; Ulvan, Nic. ; Xicaquean, Hond. ; 
/APOTEfAN, Oax. ; ZoQiJEAN, Tohuaiit. 

Alikululan, T. del Fiiego : Arauan, R. Punis ; Arawakian, E. 
Andes ; Atacamenyan, S. Peru ; Akaucanian, Pampas ; Aymaran, 
„ .. Peru ; Barbacoan, Colombia ; Botoyan, Bogota ; Cani- 

Amertca ; Carahaii, S. Brazil ; Cariihan, around 

Caribbean Sea ; Catamarenyan, Chaco ; Changuinan, 
Panama ; Charnian, Paran/i H. ; Chibchan, Colombia ; Churoyan, 
Orinoco R. ; Coconucan, Colombia ; Cunan, Panama ; Guaycuiuian, 
Paraguay B. ; Jivaroan, Ecuador; Kkchuvn, Peru; Lamaii, 
N.K. Peru; Liileaii, Vermejo R. ; Mainan, S. Ecuador; Matacoan, 
Vormejo R. ; Mocoan, Colombia ; Mosotenan, E. Bolivia ; Onan, 
T. del Fuego; Patiimiitaii, Colombia; Panoan, Ucayali R., Peru; 
Puquinaii, Titicaca L. ; Samuoau, Bolivia ; Tacaiiah, N. Bolivia ; 
Tapuyan, Brazil; Timoteaii, Venezuela; Tupian, Amazon R. ; 
Tzonec’av, Patagonia; Yahgan, T. del Fuego ; Yuiican, Tnixillo, 
J’oni; Yunicariaii, JC. Bolivia; Zaparoan, Ecuador. 

Writtim language was largely hierographic and heroic. 
The draiiui, tlie cult image, the pictograph, the synechdo- 
chic picture, the ideaglyidi, were stejis in a jirogress with- 
out a break. The warrior painted the story of conflicts 
oil his robe only in jiart, to help him recount the liis- 
tory of his life ; the Eskimo etched the jiromptcrs of his 
legend on ivory ; tlie Tlinkit carved them on his totem 
})Ost; the women fixed them in pottery, basketry, or 
Idankets, At la.st, the central advanced tribes made the 
names of the abbreviated pictures useful in other con- 
nexions, and were far on the way to a syllabary. Inter- 
tribal communication was tlirough gestures ; it may lie, 
survivals of a primordial s])eech, antedating the differen- 
tiated spoken languages. 

To supply their wants the Americans invented modifica- 
tions ill natural materials, tlie working of which was thidr 
iiidustru's. The vast collections in richly-endowed 
Euroiieaii and American museums are the wit- 
ness '8 and types of these. There is daTig(T of 
confounding the produets of native industries. The fol- 
lowing classes must be can^fully discriminated : —(a) 
jire-Columbian, (4) Columbian, (c) pn?-contact, (c?) first 
contact, (<?) post-contact, { ]>resent, and (//) spurious. 
IWColumbian or pro-historic material is further classified 
into that which had been used by Indians before the dis- 
covery, and such as is claimed to lx* of a prior geological 
periinl. Columbian, or 1 Tith-century material, still exists 
in museums of Europe and America, and good descriptions 
arc to be found in the writings of contemiiorary historians. 


Pre-contact material is such as continued to exist in any tribe 
down to the time when they were touched by the presence 
of the trade of the whites. In some tribes this would bring 
the student very near to the present time ; for example, 
before Steinen, the Indians in Matto Grosso were in 
the pre-contact period. Post-contact material is genuine 
Indian work more or less influenced by acculturation. It 
is interesting in this connexion to study also first contact 
in its lists of articles, and the effects produced upon abori- 
ginal minds and methods. For example, a tribe that 
would jump at iron arrow-heads stoutly declined to modify 
the shafts. Present material is such as the Indian tribes 
of the two Americas are making to-day. Spurious material 
includes all that mass of objects made by whites and sold 
as of Indian nmnufacture ; some of it follows native models 
and methods the rest is fraudulent and pernicious. The 
question whether similarities in technology argue for con- 
tact of tribes, or whether they merely show corresponding 
stages of culture, with modifications produced by environ- 
ment, divides ethnologists. 

The study of mechanics involves materials, tools, pro- 
cesses, and products. No iron tools existed in America 
before the invasion of the whites. Mineral, 
vegetable, and animal substances, soft and hard, 
were wrought into the supply of wants by means 
of tools and apiiaratus of stone, wood, and bone ; tools for 
cutting, or edged tools ; tools for abr^ing and smoothing 
the surfaces of substances, like planes, rasps, and sand- 
paper ; tools for striking, that is, pounding for the sake of 
pounding, or for crushing and fracturing violently; per- 
forating tools; devices for grasping and holding firmly. 
These varied in the different culture provinces according 
to the natural supply, and the presence or absence of good 
tool material counted for as much as the presence or 
absence of good substances on which to work. As a means 
of grading progress among the various tribes, the tool is 
valuable both in its working part and its hafting, or 
manual part. Fire drills were universal. 

Besides chipped stone knives, the teeth of rodents, 
sharks, and other animals served an excellent purpose. 
In North-west America and in the Cariblx^an area the adze 
was highly develojied. In Mexico, Colombia, and Peru 
the cutting of friable stone with tough volcanic liammers 
and chisels, as well as rude metallurgy, obtained, but the 
evidences of smelting are not convincing. Engineering 
devices were almost wanting. The Plskimo lifted his 
weighted boat with sheer-legs made of two paddles; he 
also had a tackle without sheaves, formed by reaving a 
greased thong through slits cut in the hide of a walrus. 
The North-West Coast Indians hoisted the logs that formed 
the plates of their house frames into jiosition with skids 
and parbuckles of rope. The architectural Mexicans, 
Central Americans, and especially the Peruvians, had no 
derricks or other hoisting devices, but rolled great stones 
into place along prepared ways and up inclined plants of 
earth, which were afterwards removed. In building the 
fiirtress of Saesahuaman, heights had to be scaled; in 
Tiahuanaco stones weighing 400 tons were carried seventeen 
miles ; in the edifices of Ollantaytambo not only were largo 
stones liauled up an ascent, but were fitted jierfectly. The 
moving of vast objects by their simple processes shows 
what great numbers of men could be enlisted in a single 
effort, and how high a grade of government it was which 
could hold them together and feed them. In Arizona, 
Mexico, and Peru reservoirs and aqueducts prove that 
hydrotechny was understood. 

Time-keeping device's were not common. Sun-dials and 
calendar monuments were known among the more advanced 
tribes. Fraction&l jiortions of time were gauged by shadows^ 
and time of day indicated by the position of the sun with 
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reference to natural features. No standards of weighing 
or measuring were known, but the parts of the body 
were the units, and money consisted in r^ and durable 
vegetable and animal substances, which scar^ly reached the 
dignity of a mechanism of exchange. If the interpretation 
of the Maya calculiform glyphs be trustworthy, these |)eople 
had carried their numeral system into the hundreds of 
thousands, and devised syml^ls for recording such high 
numbers. 

The Americans were, in most places, flesh-eaters. The 
air, the waters, and the land were their base of supplies, 
and cannibalism, it is admitted, was widespread. 
With this animal diet everywhere, vegetable 
substances were mixed, even in the boreal regions. Wliere 
the temperature allowed vegetable diet increased, and fruits, 
seeds, and roots were laid under tribute. Storage was 
common, and also the drying of ripened fniits. The most 
favoured areas were those whore corn and other plants 
could be artificially produced, and there liarbaric cultures 
were elaborated. This farming was of the rudest kind. 
Plots of ground were burned over, trees were girdled, and 
seeds were planted by means of sharpened sticks. The 
first year the crop would bo free from weeds, the second 
year only those grew whose seeds were wafted or carried 
by birds, the third year the crop recpiired hoeing, which 
was done with sticks, and then the s]~)ace was abandoned 
for new ground. Irrigation and terrace culture were 
practised at several points on the Pacific slo^ie from Arizona 
to Peru. The steps along which plant and animal domes- 
tication passed upwards in artificiality are graphically illus- 
trated in the aboriginal food quest. 

Except in the boreal areas the breech-clout was nearly 
universal with men, and the cincture or short petticoat 
with women. Even in Mexican and Mayan 
. sculptures the gods are arrayed in gorgeous 
breech-clouts. The foot-gear in the tropics was 
the sandal, and iiassing northward the moccasin, 
becoming the long boot in the Arctic. Trousers and the 
blouse were known only among the Eskimo, and it is 
difficult to say how much these have been modified by 
contact. Leggings and skin robes took their place south- 
ward, giving way at last to the nude. Head coverings 
also were gradually tabooed south of the 49th parallel. 
Tattooing and pla nting the body were well-nigh universal. 
Labrets were worn by Eskimo, Tlinkit, Nahuatlas, and 
tribes on the Brazilian coast. For ceremonial purposes 
all American tribes were expert in masquerade and dramatic 
apparel. A study of these in the historic tribes makes 
plain the motives in gorgeous Mexican sculptures. 

The tribal system of family organization, universal in 
America, dominated tlie dwelling. The Eskimo under- 
Hmbltmtiott houses of sod and snow, the I)4nd and 

' SiOUx bunch of liark or skin wigwams, the 
Pawnee earth lodge, the Iroquois long house, the Tlinkit 
great plank house, the Pueblo with its honeycomb of 
chambers, the small groups of thatched houses in tropical 
America, and the Patagonian toldos of skin are examples. 
The Indian habitation was made uji of this comiJosite 
abode, with whatever out-structures and garden plots wc»re 
needed. A group of abodes, however joined together, 
constituted the village or home of the tribe, and there 
was added to these a town hall or large assembly structure 
where men gathered and gossiped, and where all dramatic 
and religious ceremonies were held. Powell contends that 
in a proper sense none of the Indian tribes were nomadic, but 
that governed by water-supply, bad seasons, and sujiersti- 
tion (and discomfort from vermin must be added), even 
the Pueblo tribes often tore down and rebuilt their domi- 
ciles. The fur trade, the horse, the gun, disturbed the 
sedentary habit of American tribes. Little attention was 
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paid to furniture. In the smoke-infested wigwam and hut 
the ground was the best place for sitting or sleeping. The 
communal houses of the Pacific coast had bunks. The 
hammock was universal in the Tropics, and chairs of wood 
or stone. Eating was from the pot, with the hand or 
spoon. Tables, knives, forks, and other prandial apparatus 
were as lacking as they were in the |)alaces of kings a fi>w 
centuries before^ 

Stone-working was universal in America. The tril)es 
quarried by means of crowbars and picks of wood and 
bone. They split the silicious rocks with 
stone hammers, and then chip|ied them into 
shape With lK)no tools. Hoap-stone for pottery 
was partly cut into tlie desired sha];)e in the native ledge, 
broken or prised loose, and afterwards scraped into form. 
Paint was excavated with the ubiquitous digging-stick, and 
rubbed fine on stones with water or grease. For polished 
stonework the material was pecked by blows, gi*ound with 
other stones, and smoothed with fine matenal. Sawing 
was done by means of sand or with a thin piec*.e of harder 
stuff. Boring was effected with the sand-drill ; the hardest 
rocks may have been pierced with specially hard sand. 
At any rate stones were sawed, shaped, polished, carved, 
and perforated, not only by the Mexicans, but among 
other tribes. For building purposes stones were got out, 
dressed, carved, and sculptured with stone hammers and 
chisels made of hard and tenacious rock. Stonecutters’ 
tools of metal are not known to have existed, and they 
were not needed. Their quarrying and stone ivorking was 
most wasteful. Those localities where chipping wa.s done 
reveal hundreds of tons of splinters and failures, and these 
are often counted as ruder implements of an earlier time. 
The dressed stones for great buildings were pecked out of 
the ledges, and broken off with levers in pii‘ces much too 
large for their needs. 

Metals were treated as malleable stones by the American 
aborigines. No evidence of smelting ores with fluxes is 
offered, but casting from metal melted in open ^ 
fires IS assumed. Gold, silver, copper, pure or * * 
mixed with tin or silver, are to be found here and there in 
both continents, and nuggets were objects of wurshij). 
Tools and appliances for working metals were of the rudest 
kind, and if moulds for casting wejro pmjiloyed these were 
I broken up ; at least no museum contains samples of them, 
and the processes are not described. In the Arctic and 
Pacific coast provinces, about Lake Superior, in Virginia 
and North Carolina, as well as in ruder ])arts of Mexico 
and South America, metals were cold-hammered into 
plates, wea]:x)n8, rods, and w»re, ground and polished, 
fashioned into carved blocks of liard, tenacious stone by 
pressure or blow, overlaid, cold -welded, and plated. 
Soldering, brazing, and the blowpipe in the Cordilleran 
provinces are 8ustx‘cted, but the evidence of their existence 
must be further examined, A deal of study has been 
devoted to the cunning Tubal Cains, the surprising pro- 
ductions of whose handiwork have bi*en recovered in the 
art provinces of Mexico and the Cordilleras, esix'cially in 
Chiriqui, between Costa llica and Colombia. It must be 
admitted, however, that both the tools and the processes 
have esca|)ed the archaeologist, as they did “ the ablest 
goldsmiths in S[)ain, for they never could conceive how 
they had l)een made, there being no sign of a hamint r or 
an engraver or any other instrument used by them, the 
Indians having none such ” (Herrera). 

The potter’s wheel did not exist in the Western world, 
but it was almost invented. Time and muscle, knack and 
touch, a trained eye and brain, and an unliniited 
array of patterns hanging on fancy’s walls, aided 
by a box of dry sand, w'ere comjietent to give the charming 
results. No more striking contrast can be; found between 
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forlorn conditione and refined art products. Art in claj 
was far from universal in the two Americas. The Eskimo 
on Bering Sea had learned to model shallow bowls for 
lamjw. No pottery existed in Athapascan boundaries. 
Algonkin-Iroquois tribes made creditable ware in South- 
eastern Canada and eastern United States. Muskhogean 
tribes were jiotters, but Siouan tribes, as a rule, in all the 
Mississijipi drainage were not. In their area, however, 
dwelt clay-working tribes, and the Mandans liad the art. 
Moreover, the mound-builders in the eastern half of this 
vast plain, being sedentary, were excellent potters. In the 
Muskhogee province the tribes were more settled, making 
clay viissels jiossible. On the Pacific side of the cf)ntincnt 
not one of the forty linguistic families made pottcTy. The 
only workers in clay west of the liockies and north of the 
Pueblo country belonged to the Shoshonean family in the 
interior basin. 

The study of Indian textiles includes an account of their 
fibres, tools, lirocesses, products, ornaments, and uses. Their 
fibres were either animal or vegetable; animal 
iaduMtrleM. ^^^es were hair, fur on the skin, feathers, hide, 
sinew, and intestines ; vegetable fibres were stalks 
of small trees, brush, stmw, cotton, bast, liark, leaves, and 
seed vessels in great variety as one jiasses from the north 
southward through all the culture provinces. The products 
of the textile industry in Ame.rica were bark cloth, wattling 
for walls, fences and weirs, jiaper, basketry, matting, loom 
products, needle or point work, net-work, lace-work, and 
embroidery. In the manufacture of these the substan<.es 
were reduced to the form of slender filaments, shreds, rods, 
splints, yarn, twine, and sennit or braid. All textile work 
was done by hand; the only devices known were the 
bark-peeler, the shredder, the fliut-knife, the spindle, the 
rope-twister, the bodkin, the warp-beam, and the most 
primitive harness. The processes invohed were gathering 
the raw material, shredding, splitting, gouging, wrapping, 
twining, spinning, and braiding. Twining and spinning 
were done with the fingers of both hands, with the palm 
on the thigh, with the spindle, and with the twister. 
Ornamentation was in form, colour, technical processes, 
and dyes. The uses to which the textiles were put were 
for clothing, furniture for the house, uttmsils for a thousand 
industries, fine arts, social functions, and worship. 

In order to comprehend the more intricate processes of 
the higher peoples it is necessary to examine the textile 
industry in all of the culture areas. It is essentially 
woman’s work. The Eskimo womau did not weave, but 
was ex|)ert in sewing and embroidering with sinew tliread 
by means of a bodkin. The l)dnt5 peoples used strips of 
hide for snowshoes and game-bags, sowed their deerskin 
clotliing with sinew thread, and embroidered in split quill. 
Their basketry, both in Canada and in Arizona, was coiled 
work. The northern Algonkiu and Iroquoian tribes 
practised similar arts, and in the Atlantic States wove 
robes of animal and bird skins by cutting the latter into 
long strips, winding these strips on twine of hemp, and 
weaving them by the same processes employed in their 
wicker basketry. Textile work in the Sioux jirovince was 
chiefly the making of skm garments with sinew thread, 
but in the Gulf States the existence of excellent cane and 
grasses gave opijortunity for several varieties of weaving. 
On the Pacific coast of America the efflorescence of 
basketry in every form of technic was known. This art 
reached down to the borders of Mexico. Loom-weaving in 
its simplest form began with the Chilkats of Alaska, who 
hung the warp over a long pole, and wrought mythological 
figures into their gorgeous blankets by a process resembling 
tapestry work. The forming of bird skins, rabbit skins, 
and feathers into robes, and all basketry stitches, existed 
from Vancouver Island to Central America. In northern 
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Mexico net-work, rude lace-work in twine, ore followed 
farther south, where finer material exist^, by figured 
weaving of most intricate type and pattern ; warps were 
crossed and wrapped, wefts were omitted, and texture 
changed, so as to produce marvellous effects upon the 
surface. This composite art reached its climax in Peru, 
the llama wool affording the finest staple on the whole 
hemisphere. Textile work in other jjarts of South America 
did not differ from that of the Southern States of the 
Union. The addition of brilliant ornamentation in shell, 
teeth, feathers, wings of insects, and dyed fibres completed 
the round of the textile art. A peculiar type of coiled 
basketry is found at the Strait of Magellan, but the 
motives are not American. 

Since most American tribes lived upon flesh, the activi- 
ties of Lfe were associated with the animal world. These 
activities were not confined to the land, but had 
to do also with those littoral meadows where * 
invertebrate and vertebrate marine animals fed in unlimited 
numbers. An account of s&v&ge life, therefore, includes 
the knowledge of the animal life of America and its dis- 
tribution, regarding the continent, not only as a whole, but 
in those natural history provinces and migrations which 
govtirned and characterized the activities of the peoples. 
This study would include industries connected with capture, 
those that worked up into products the results of capture, 
the social organizations and labours which were involved 
in pursuit of animals, the language, skill, inventions, and 
knowledge resulting therefrom, and, finally, the religious 
conception united with the animal world, which has been 
named zootheism. In the capture of animals would lie 
involved the pedagogic influence of animal life; the 
engineering embraced in taking them in large numliors ; 
the cunning and strategy necessary to hunters so j^oorly 
armed giving rise to disguises and lures of many kind& 
Capture begins among the lower tribes with the hand, 
without devices, developing knack and skill in seizing, 
pursuing, climbing, swimming, and maiming without 
weapons; and proceeds to gathering with devices that 
take the place of the hand in dipping, digging, hooking, 
and grasping ; weaj^ons for striking, whether clubs, missiles, 
or projectiles ; edged weapons of capture, which were rare 
in America ; piercing devices for capture, in lances, barbed 
sficars, harpoons, and arrows ; traps for enclosing, arresting, 
and killing, such as pens, cages, pits, pen-falls, nets, hooks, 
nooses, clutches, adhesives, deadfalls, impalers, knife traps, 
and i>oisons ; animals consciously and unconsciously aiding 
in capture ; fire in the form of torches, beacons, burning 
out and smoking out ; poisons and asphyxiators ; the 
accessories to hunting, including such changes in food, 
dress, shelter, travelling, pitcking, mechanical tools, and 
intellectual apparatus as demanded by these arts. Finally, 
in this connexion, the first steps in domestication, b^in- 
ning with the improvement of natural corrals or spawning 
grounds, and hunting with trained dogs and animals. 
Zootechnic products include food, clothing, ornaments, 
habitations, weapons, industrial tools, textiles, money, 

In sociology the dependence of the American tribes upon 
the animal world becomes most apparent. A great 
majority of all the family names in America were from 
animal totems. The division of labour among the sexes 
was based on zootechny. Labour organizations for hunt- 
ing, communal hunt, and migrations had to do with the 
animal world. 

In the duel between the hunter and the beast-mind the 
intellectual powers of iK?rception, memory, reason, and will 
were developed ; experience and knowledge by experience 
were enlarged, language and the graphic arts were fostered, 
the inventive* faculty was evoked and developed, and 
primitive science was fostered in the unfolding of numbers. 
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metric^ clocks, i^onomy, history, and the philosophy of 
causation. Beliefs and practices with reference to the 
heavenly world were inspir^ by zoic activities ; its location, 
scenery, and environment were the homes of beast gods. 
It was liurgoly a zoopantheon ; thus zootheism influenced 
the organization of tribes and societies in the tribes. The 
place, furniture, liturgies, and ap|iaratus of worship were 
hereby suggested. M^hs, folk-lore, hunting charms, 
fetishes, superstitions, and customs were based on the 
same idea. 

Excepting for extensive and rapid travel over the snow 
in the Arctic regions by means of dog sleds, the extremely 
Trmy! transportation by dog travail (or sledge) 

in the Sioux province, and the use of the llama as 
a beast of burden throughout the Peruvian highlands, land 
travel was on foot, and land transportation on the backs 
of men and women. One of the most interesting topics of 
study is the trails along which the seasonal and annual 
migrations of tribes occurred, becoming in Peru the (javed 
ro^, with suspension bridges and wayside inns or tambos. 
In Mexico, and in Peru especially, the human back was 
utilized to its utmost extent, and in most parts of America 
harness adapted for carrying was made and frequently 
decorated with the best art. In the Mexican codices 
pictures of men and women carrying are plentiful. Travel- 
ling on the water was an important activity in aboriginal 
times. Hundreds of thousands of miles of inland waters 
and archipelagoes were traversed. Commencing in the 
Arctic region, the Eskimo in his kayak, consisting of a 
framework of drift wood or bone covered with dressed seal- 
skin, could psbddle down East Greenland, up the west 
shore to Smith Sound, along Baffin Land and Labrador, 
and the shores of Hudson Bay throughout insular Canada 
and the Alaskan coast, around to Mount St Elias, and for 
many miles on the eastern shore of Asia. In addition 
to this most delicate and rapid craft, he had his umiak 
or freight boat, sometimes called woman’s boat. The 
Athapascan covered all North-western Canada with his oj)en 
birch-bark canoe, somewhat resembling the kayak in finish. 
The Algonkin-Iroquois took up the journey at Bear Lake 
and its tributaries, and by means of jmddling and portages 
traversed the area of Middle and Eastern Canada, includ- 
ing the entire St. Lawrence drainage. The absence of 
good bark, dugout timber, and chisels of stone, deprived 
the whole Mississippi Valley of creditable watercraft, and 
reduced the natives to the clumsy trough for a dugout and 
miserable bull-boat, made by stretching dressed buffalo 
hide over a crate. On the Atlantic coast of the United 
States the dugout was improved in form where the waters 
were more disturbed. John Smith’s Indians had a fleet of 
dugouts. The same may be said of the Gulf States tribes, 
although they added rafts made of reed. Along the 
archii)elagoes of the North Pacific coast, from Mount St 
Elias to the Columbia river, the dugout attained its best. 
The Columbia river canoe resembled that of the Amur, the 
bow and stern being pointed at the water line. Poor 
dugouts and rafts, made by tying reeds together, consti- 
tuted the watercraft of California and Mexico until Central 
America is reached. 

The Caribs were the Haidas of the Caribbean Sea and 
Northern South America. Their craft would vie in form, 
in size, and seaworthiness with those of the North Pacifle 
coast. The catamaran and the reed boat were known to 
the Peruvians. The tribes of Venezuela and Guiana, 
according to Im Thum, had both the dugout and the 
built-up hull. The simplest form of navigation in Brazil 
was the woodskin, a piece of bark stripped from a tree, 
and crimped at the ends. The sangada, with its plat- 
form and sail, belonging to the Brazilian coast, is spoken 
of as a good seaworthy craft. Finally, the Fuegian bark 
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canoe, made in three pieces so that it can be taken ajiait 
and transported over hills and sewed together, ends the 
series. The American craft was propelled by poling, 
paddling, and by rude sails of matting. 

The festhetic arts of the American aborigines cannot be 
studied apart from their languages, industries, social 
organizations, lore, and worships. Art was 
limited most of ^1 by poverty in technical 
appliances. There were just as good materials and inspira- 
tions, but what could the best of them do without metal 
tools? One and all, skilful to a surprising degree — 
weavers, embroiderers, ywtters, painters, engravers, carvers, 
8cul])tor8, and jewellers — they were wearied by drudgery 
and overpowered by a never-absent, weird, and grotesque 
theology. The Eskimo engraved }KK)rly, the D4n^ em- 
broidered, the North Pacifle tribes carved skilfully in horn, 
slate, and cedar, the California tribes had nimble Angers 
for basketry, the Sioux, like the Mexicans, gloried in 
feathers. The mound builders, Pueblo tribes, middle 
Americans, and Peruvians, were potters of many schools, 
gorgeous colour fascinated the Amazonians, the Patagonians 
delighted in skins, and even the Fuegians saw beauty in 
the pretty snail shells of their desolate island shores. Of 
the Mexican and Central American sculpture and archi- 
tecture a competent judge says that Yucatan and the 
southern states of Mexico are not rich in sculptures, apart 
from architecture ; but in the valley of Mexico the human 
figure, animal forms, fanciful life motives in endless 
variety, were embodied in masks, yokes, tablets, calendars, 
cylinders, disks, boxes, vases, and ornaments. The 
Nahuatl lapidary had at hand many varieties of workable 
and beautiful stone ; onyx, marble, limestone, quartz and 
quartz crystal, granite, syenite, basalt, trachyte, rhyolite, 
diorite, and obsidian, the best of material prepared for 
them by nature; while the Mayas had only limestone, 
and hard, tenacious rock with which to work it, ancl 
timber for burning lime. However, looking over the whole 
field of North American achievement, architectural and 
non-architectural, comjwsite and monolithic, the palm for 
boldness, magnitude of proi)ortions, and infinity of labour, 
must go to the Bculj>tured mosaics of Yucatan. Maya 
architecture is the best remaining index of the art achieve- 
ments of the American race. The construction of such 
buildings as the palace at Uxmal and the castillo at 
Chichen indicates a mastery in architectural design. There 
is lack of unity in plan and grouping, and an enormous 
waste of material as compared with available room. At 
Uxmal the mass of masonry is to chamber 8f)ace about as 
forty to one. The builders were “ ignorant of some of the 
most essential principles of construction, and are to be 
regarded as hardly more than novices in the art ” (Holmes). 
As for the marvels of Peru, the walls of the temple of the 
sun in Cuzco, with their circular form and curve inward, 
from the ground upward, are most imposing. Some of 
the gates without lintels are beautiful, and the geometric 
patterns in the walls extremely eftective. The same 
objection to over-massiveness might not ajjply here as in 
Mexico, owing to volcanic activity. 

Institutions in Europe and America have gathered 
abundant material for an intelligent comprehension of 
American Indian sociolo^. The British Associa- 
tion has had a committee reporting during 
many years on the tribes of North-west Canada. The 
American Museum in New York has i»rei)ared a series of 
monographs on the tribes of the North Pacific coast, of 
Northern Mexico, and of the Cordilleras of South America. 
The reports of the Bureau of Ethnology in Washington 
cover the Eskimo, east and west, and all the tribes of the 
United States. In Mexico the former labours of Pimentel 
and Orozco y Berra are supplemented by those of Bandolier, 
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Pcfiafiel, Herrera, and Cicero. Otto Stoll’a studies in 
Guatemala, Berendt’s in Central America, Ernst's in 
Venezuela, Im Thum's in Guiana, those of Ehrenreich, 
von den Steinen, Meyer in Brazil, or of Bandolier, Bastian, 
BrUhl, Middendorf, von Tschudi in Peru, afford the 
historian of comparative sociology ample groundwork for 
a comprehensive grasp of South American tribes. In all 
parts of the western hemisphere society was organized ou 
cognate kinship, real or artificial, the unit being the clan. 
There were tribes where the basis of kinship was agnate, 
but these were the exceptions. The headship of the clan 
was sometimes hereditary, sometimes elective, but each 
clan had a totc^.mic name, and the clans together constituted 
the tribe, the bond being not land, but blood. Women could 
adopt prisoners of war, in which case the latter became 
thcMr younger sons. When a confederacy was organized 
undi'r a council, intermarriage between tril>e8 sometimes 
occurred ; an artificial kinship thus arose, in which event 
the council established the rank of the tribes as elder and 
younger brother ; grandfather, father, and sons, rendering 
the relationship and its vocabulary most intricate, but 
ni'cessary in a social system in which age was the predomi- 
nant consideration and etiquette most exacting. 

The Eskimo have a regular system of animal totem 
marks and corresponding gentes. Powell st'ts forth the 
laws of real and artificial kinship among the North 
American tribes, as well as trilial organization and govern- 
ment, the formation of confederacies, and the intricate 
rules of artificial kinship by which rank and courtesy were 
established. Bandolier de(.*lares that in Mexico existiid 
neither state nor nation, nor politiciil society of any kind, 
but tribes re[)resenting dialects, and autonomous in matti^rs 
of government, and forming confederacies for the jiurposes 
of self-defence and conquest. The ancient Mexiijan tribe 
was comjiosed of twenty autonomous kins. According to 
Briutoii the social organization of ancient Peru was a 
government by a council of the gentes. The Inca was a 
war chief electt»d by the council to carry out its commands. 
Among the Canbs a like social order prevailed ; indeed, 
their family system is identical with the totem system of 
North American Indians. Dominated by the rule of 
blood relationship, the Indians regulated all co-operative 
activities on this basis. Not only marriage, but speech 
and common industries, such as rowing a boat or chasing 
a bufh&lo, were under its sway. It obtrudes itself in fine 
art, behaviour, law-making, lore, and religion. In larger 
or smaller numbers of cognate kindred, for shorter or 
longer periods of time, near or far from home, the abori- 
gines developed theii- legislatures, courts, armies, secret 
societies, and priesthoods. 

In organization, engineering, strategy, offence, and 
defence, the art of wai* was in the barbai'ous and the 
savage status or grade. One competent to judge 
twin asserts that jH'act*, not war, was the normal 
intertribal habit. Th(»y held frequent inter- 
course, gave feasts and presents, and practised unbounded 
hospitality. Through this traffic objects travelled far 
from home, and now come forth out of the tombs to 
perplex archaeologists. Iiememl)ering the organization of 
the tribe everywhere prevalent, it is not difficult to under- 
stand that the army, or horde, that stands for the idea, 
was assembled ou the clan liasis. The number of men 
arrayed under one banner, the time during which they 
might cohere, the distances from home they could 
march, their ability to hold jierraanently what they had 
gained, together form an excellent metric scale of the 
culture grade in the several American provinces, and 
nowhere, even in the most favoured, is this mark liigh. 
With the Mexicans war was a passion, but warfare 
was little above the raid (Bandelier). The lower tribes 


hunted their enemies as they hunted animals. In their 
war dances, which were only rehearsals, they disguised 
themselves as animals, and the pantomime was a mimic 
hunt. They had striking, slashing, and piercing weapons 
held in the hand, fastened to a shaft or thong, hurled 
from the hand, from a sling, from an atlatl or throwing- 
stick, or shot from a bow. Their weapons were all in£- 
vidual, not one co-operative device of offence being known 
among them, although they understood fortification. 

The term slavery " is often applied to the aboriginal 
American tribes. The truth of this depends upon the 
definition of the word ‘‘slave.” If it means the capture 
of men, and esiiecially of women, and adoption into the 
tribe, this existed everywhere; but if subjection to a 
personal owner, who may compel service or sell the indi- 
vidual, slavery was far from universal. Nieboer finds it 
only on the North Pacific coast as far south as Oregon, 
among the Navajo and the Cibola pueblos, and in a few 
tribes of Middle and South America. 

The thought life of the American aborigines is expressed 
in their practical knowledge and their lore. The fascina- 
tion which hangs around the latter has well- 
nigh obscured the former. As in medicine 
theory is one thiug and practice another, so among those 
savages must the two be carefully discriminated. Dorsey, 
again, draws a distinction between lore narratives, which 
can rehearsed without fasting or prayer, and rituals 
which require the most rigid preparation. In each culture 
province the Indians studied the heavenly bodies. The 
Arctic jieoples regulated their lives by the long day and 
night in the year; among the tribes in the arid region 
the place of sunrise was marked on the horizon for each 
day ; the tropical Indians were not so observant, but they 
worshipfied the sun god above all. The Mayas had a 
calendar of 360 days, with intercalary days; this solar 
year was intersected by their sacred year of twenty weeks 
of thirteen days each, and these assembled in bewildering 
cycles. Their knowledge of the air and its properties 
was no less profound. Heat and cold, rain and drought, 
the winds in relation to the points of the compass, were 
nearest their wants and supplies, and were never out of 
their thoughts. In each province they had found the 
best springs, btids of clay, paint, soapstone, flinty rock, 
friable stone for sculpture, and hard, tenacious stone for 
tools, and used ashes for salt. The vegetal kingdom was 
no less familiar to them. Edible plants, and those for 
dyes and medicines, were on their lists, as well as wood 
for tools, utensils, and weapons, and fibres for textiles. 
They knew poisonous plants, and could eliminate noxious 
properties. The universal reliance on animal life stimu- 
lated the study of the animal kingdom. Everywhere there 
were names for a large number of species ; industries and 
fine arts were developed through animal substances. Society 
was organized in most cases on auimal clans, and religion 
was largely zoomorphic. The hunting tribes knew well 
the nature and habits of animals, their anatomy, their 
migrations, and could interpret their voices. Out of this 
practical knowledge, coupled with the belief in personeity, 
grew a folk-lore so vast that if it were written down the 
world would not contain the books. 

The religion of the American aborigines, so far as it c^n 
be made a subject of investigation, consisted (1) in what 
the tribes believed about spirits, or shades, and « « . 
the spirit world — its organization, place, activi- • ^ 
ties, and relation to our world ; and (2) in what they did 
in response to these lieliefs. The former was their creeds, 
the latter their cults or worships. In these worships, 
social organization, religious dramas and paraphernalia, 
amusement and gambling, and private religion or fetichism, 
found place. In order to 'obtain an intelligent grasp of 
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the religion of tribes in their several culture provinces, it 
must be understood: (1) That the form of ^lief caJlcd 
tmimum by Tylor (more correctly speaking, pers<meity% 
ms universal ; everything ms somebody, alive, sentient, 
thoughtful, wUful. This personeity lifts the majority of 
earthly phenomena out of the merely physical world and 
places them in the spirit world. Theology and science 
are one. All is supernatural, wakaii, (2) That there 
existed more than one self or soul or shade in any one of 
these personalities, and these shades had the i)ower not 
only to go amy, but to transform their bodily tenements 
at will ; a bird, by raising its head, could become a man ; 
the latter, by going on all fours, could become a deer. 
(3) That the regulative side of the spirit world was the 
natural outcome of the clan social system and the tribal 
government in each tribe. Even one’s personal name had 
reference to the world of ghosts. The affirmation tliat 
American aborigines believed in an all-pervading, omni- 
potent Spirit is entirely inconsistent with the very nature 
of the case. (4) Worship was everywhere dramatic. Only 
here and there among the higher tribes were bloody sacri- 
fices in vogue, and prayers were in pantomime. 

In the culture areas the environment gave specific 
characters to the religion. In the Arctic province the 
overpowering infiuence of meteorological phenomena mani- 
fested itself both in the doctrine of shades and in their 
shamanistic practices. The raven created the world. 
The D4n6 myths resembled those of the Eskimo, and all 
the hunting tribes of Eastern Canada and United States 
and the Mississippi Valley have a mythology based upon 
their zootechny and their totemism. The religious con- 
ceptions of the fishing tribes on the Pacific coast between 
Mount St Elias and the Columbia river arc worked out 
by Boas; the transformation from the hunting to the 
agricultural mode of life was accompanied by changes in 
belief and worship quite as radical. These have Iwen 
carefully studied by Cushing, Stevenson, and Fewkes. 
The pompous ceremonials of the civilized tribes of Mexico 
and the Cordilleras in South America, when analysed, 
rcjveal only a higher grade of the prevailing idea. Im 
Thurn says of the Carib: “All objects, animate and 
inanimate, seem exactly of the same nature, except that 
they differ in the accident of bodily form.” These mytho- 
logical ideas and symbols of the American aborigines 
were woven in their textiles, painted on their robes and 
furniture, burned into their pottery, drawn in sand mosaics 
on deserts, and perpetuated in the only sculptures worthy 
of the name, in wood and stone. They are inseparable 
from industry ; language, social organization, and custom 
wait upon them : they explain the universe in the savage 
mind. 

The archaeology of the western hemisphere should be 
divided as follows : (1) that of Indian activities ; (2) the 
question of man’s existence in a prior geological 
period. There is no dividing line between first- 
contact ethnology and pre-contact archaeology. 
Historians of this time, both north and south of Phuama, 
described tools and products of activities similar to those 
taken from beneath the soil near by. The archmologist 
recovers his specimens from waste places, cave deposits, 
abandoned villages, caches, shell-heaps, refuse heaps, en- 
closures, mounds, hut rings, earthworks, garden l^ds, 
quarries and workshops, petroglyphs, trails, graves and 
cemeteries^ cliff and cavate dwellings, ancient pueblos, 
ruined stone dwellings, forts and temples, canals or 
reservoirs. The relics found in these places are material 
records of language, industries, fine arts, social life, lore, 
and religion. 

Here and there in the Arctic province remains of old 
village sites have been examined, and collections brought 
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away by whalers and exploring expeditions. Two facts 
are established — namely, that the Eskimo lived formerly 
farther south on the Atlantic coast, and that, aboriginally, 
they were not specially adept in carving and etching! 
The old apparatus of hunting and fishing is quite primi- 
tive. The D4n4 province in Alaska and North-western 
Canada yields nothing to the spade. Algonkin -Iroquois 
Canada, thanks to the Geological Survey and the Depart- 
ment of Education in Ontario, has revealed old Indian 
camps, mounds, and earthworks along the northern drainage 
of Lakes Erie and Ontario, and pottery in a curved line 
from Montreal to Lake of the WcmxIs. Throughout Eastern 
United States shell-heaps, quarries, workshops, and camp 
sites are in abundance. The Sioux and the Muskhogee 
province is the mound area, which extends also into Canada 
along the Red river. The forms of these are earth-heaps, 
conical mounds, walls of earth, rectangular pyramids, and 
effigies. Thomas sums up the work of the Bureau of 
Ethnology upon the structure, contents, and distribution 
of these earth monuments, over a vast area from which 
adobe, building stone, and stone-working material were 
absemt. No writings have been recovered, the artisans 
shaping small objects in stone were specially gifted, the 
potters in only a few places api)roached thost^ of the 
Pueblos, the fine art was poor, and relics found in the 
mounds do not indicate in their makers a grade of culture 
above that of the Indian tribes near by. The archaeology 
of the Pacific slope, from the Aleutian Islands, is written 
in 8hell-hea])s, village sites, caves, and burial-places. The 
relics of bone, antler, stone, shell, and copper are of yester- 
day. Even the Calaveras man is no exception, since his 
skull and his polished conical pestle, the latter made of 
stone more recent than the auriferous gravels, show him to 
have been of Digger Indian type. In Utah l)egin the ruins 
of thc‘ Pueblo culture. These cover Arizona and New 
Mexico, with extensions into Colorado on the north and 
Mexico on the south. The reports of work done in this 
province for several years past form a library of text and 
illustration. Cliff dwellings, cavate liouses, pueblos, and 
casas are all brought into a serii's without a brt*ak by 
Bandelicr, Cushing, Fewkes, Holmes, Mindelell*, Norden- 
skiold, Powell, and Stevenson. From Casa Grande, in 
Chihuahua, to Quemada, in Zacatecas, LumhoJtz found 
survivals of the cliff dwellers. Between Quemada and 
Copan, in Honduras, is an unbroken series of mural 
structures. The traditions agree with the monuments, 
whatever may be objected to assigning any one ruin U) 
the Toltec, the Chichimec, or the Nahuatl, that there are 
distinct varieties in ground -plan, motives, stone-cruft, 
wall decorations, and sculptures. Among these splendours 
in stone the following recent explorers must be the 
student’s guide : — Clmrnay, Forstemunu, Goodman, Gordon, 
Holmes, Maudslay, Mercer, Sapper, Saville, Seler, Thomas, 
Thompson. A list of the ruins, printed in the handbook 
on Mexico published by the Department of State in 
Washington, covers several pages. The special character- 
istics of each are to be seen partly in the skill and genius 
of their makers, and partly in the exigencies of the site 
and the available materials. A fascinating study in this 
connexion is that of the water-supply. The cenotes or 
underground reservoirs were the important factors in 
locating the ruins of Northern Yucatan. From Honduras 
to Panama the urn burials, the pottery, the rude carved 
images, and, above all, the grotesque jewellery, absorb 
the archteologist’s attention. 

Beyond Chiriqui southward is El Dorado. Here also 
bewildering products of ancient metallurgy tax the imagina- 
tion as to the processes involved, and questions of accul- 
turation also interfere with true scientific results. The 
fact remains, however, that the curious metal craft of the 
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narrow strip along the Pacific from Mexico to Titicaca is 
the greatest of archaeological eniginaa Bandelier, Holmes, 
Seler, and Uhle have taken up the questions anew. 
Beyond Colombia arc Ecuador and Peru, where, in the 
widening of the continent, architecture, stone- working, 
pottery, metallurgy, textiles, are again exalted. Among 
the Cordilleras in their western and interior drainages, 
over a sjiace covering more than twenty degrees of latitude, 
the student comes again upon massive ruins. The 
materials on the coast were clay and gravel, wrought into 
concrete, sun-dried bricks, and pis4 or rammed work, cut 
stalks of plants formed with clay a kind of staff, and 
lintels vrere made by burying stems of caiia brava 
{Gynerium nacckaroides) in blocks of pis^. On the uplands 
structure's were of stone laid up in a dozen ways. Walla 
for buildings, garden terraces, and a(}ueducts were straight 
or sloping. Doorways were usually square, but corbelled 
archways and gateways surmounted with sculptures were 
not uncommon. Ornamentation was in carving and in 
colour, the latter far more effectively U8c*d than in Middle 
Am(>rica. A glance at the exquisite textiles reveals at 
once the inspiration of mural decorations. The most pro- 
lific source of Peruvian relics is the sepulchres or huacas, 
the same materials being used in their construction as in 
building the houses. Here, owing to a dry climate, are 
the dead, clad and surrounded with food, vessels, tools, 
and art products, as in life. The textiles and the pottery 
can only be mentioned ; their quality and endless varieties 
astonish the technologist. In the Carib province there are 
no mural remains, but the pottery, with its excessive on- 
laying, recalls Mexico and the jewellers of Chiriqui. The 
])olished stone work is HU])erb, finding its climax in Puerto 
Rico, which seems to have lieen the sacred island of the 
Caribs. For the coasts of South America the vast shell- 
heaps arc the repositories of ancient history. 

Since 1880 organized institutions of anthropology 
have taken the spade out of the hands of individual 
explorers in order to know the truth concern- 
ing (xlacial or Pleistocene man. The geo- 
logist and the trained archieologist are asso- 
ciated. In North America the sites liave bee,n cxamini'd 
by the Peabody Museum and the Bureau of Ethnology, 
with the result that only the Trenton gravels liave any 
standing. Tiic so-called paluiolithic implements are every- 
where. The question is one of geology, simply to decide 
wlic'ther those recovered at Trenton are ancient. Putnam 
and Wright maintain that they are ancient, Chamberlain 
and Holmes that they are post-Glacial, and comparatively 
recent. In Soutli America the shell ht^aps, of enormous 
sizi', are supposed to show that the animals have under- 
gone changes in size and that such vast masses require 
untold ages to accumulate. The first is a biological 
pioblem. As for tins second, the elements of savage 
voracity and wastt'f illness, of uncertainty as to cubical 
contents on uneven surface, and of the number of mouths 
to fill, make it liazardous to construct a chronological table 
on a shell heap. Hudson^s village sites in Patagonia 
contain pottery, and that brings them all into the territoiy 
of Indian archaeology. Ameghino refers deposits in Pata- 
gonia, from which undoubted human bones and relics have 
been exhumed, to the Miocene. The question is of the 
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age of the sediments from which these were taken. The 
bones of other associated animals, says Hatcher, demon- 
strate the Pleistocene nature of the deposits, by which is 
not necessarily meant older Quaternary, for their horizons 
have not been differentiated and correlated in South 
America. Hatcher believes that “there is no good 
evidence in favour of a great antiquity for man in Pata- 
gonia.” In a cave near Consuelo Cove, Southern Pata- 
gonia, have been found fragments of the skin and bones 
of a large ground-sloth, Grypotherivm {Neomylodon) lutai^ 
associated with human remains. Ameghino argues that 
this creature is still living, w*hile Dr Moreno advances the 
theory that the animal has been extinct for a long period, 
and that it was domesticated by a people of great 
antiquity, who dwelt there prior to the Indians. Hauthal, 
Roth, and Nitsche review their work with the conclusion, 
not unanimously held by them, that man co-existed here 
with all the other animals whose remains were found 
during an intcr-Glacial period. Woodward reviews the 
question in Proceedings of the Zoological Society of L<mdon^ 
closing with this sentence : “ If we accept the confirma- 
tory evidence afforded by Mr Spencer Moore, we can 
hardly refuse to believe that this ground-sloth was kept 
and fed by an early race of men.” These are individual 
opinions, subject to revision by that court of appeals, the 
institutional judgment. 

Avtuoritiss. — A valuable endowment of research in specimens, 
literature, and pictures, deposited in libraries, museums, and 
galleries since 1880 will keep ethnologists and arclm'ologists em- 
ployed for many years to come. The scientific inquii’cr will liud 
a mass of material in the papers and reports contributed to the 
vaiiouB societies and institutions which are devoted to anthro|>olo- 
gical research. The following short list of works includes, however, 
a few authorities which have made use of recent discoveries gener- 
ally ; — H. H. Bancroft. Naiive JRaees of the Pacific Utates of Noiih 
Amerwa^ vols. i.-v. 1874-1876. Now York. — D. G. Brinton. 
Library of Aboriginal American Literature^ vols. i.‘-viii. 1882-1890. 
Philadelphia. The American Pace, New York, 1801. — Gustav 
BrOul. JHe Gulturvblker Amerik’os, Cincinnati, 1889. — 
Chabnay. TheAndent Cities of the Nev) // 'orJd, Xew York, 1887. 
— F. S. Delljanbaugu. The North American of Yesterday, New 
York, 1901.— J. Dbnikeii. The Paces of Man. London, 1900. — 
Pai l I^Ihrenreich. IHc Vblkcrstamrne PrasUiens, Berlin, 1892. 
Anthropologisehe Slvdien tlbcr die Urbewohner PrasUiens, Berlin, 

1897. —^. W. Fewkes. a Journal of American Ethnology and 

Ardiaaology^ Boston, 1891-94, — £. FOrstemann. Zur 

Entzifferung dcr Maya Haiuischriften^ Paris i.-vii. Di’esden, 1880, 

1898. VU Maya ’ Uandschrift der Konigl, offent, Bihlioikek 

su Jhesden, Leipzig, 1880; Dresden, 1891. — E. F. Im Thitrn. 
Among the Indians of Guiana, Loudon, 1883. — A. H. Keane. 
Ethnology, Cambridge, 1896. Man^ Past and l^rcsent. Caui' 
bridge, 1899.— Wabuinoton Matthews. Navajo Ijegmds, 
Cambridge, Mass., 1897. — Anne Cary Maudslay and Alfred 
Percival. a Glimpse at OuaUmala, and some Notes on the 
AncienJt Monuments of Central America, London, 1899. — H. C. 
Mercer. The Hill Caves of Yucatan, Philadelphia, 1896. — 
Marquis de Nadaillac. LAm4ri(me prihistorique. Pans, 
1888.— H. J. Nierobr. Slavery as an Industrial System, Ethno- 
logical researches. The Hague, 1900. — ^G. Nordenskiold. The 
Cliff Dwellers of the Mesa Verde, Colorado, Stockholm, 1893. 
— Edward John Payne. History of the New World called 
America, vol. i. 1892, vol. ii. 1899. Oxford. — D^ir]^ Pector. 
Notes sur V Amiricanmne ; Quelquca-unes de sea lacunes en 1900, 
Pans, 1900.— J, W. Powell. The United States of America, Ed. 
by N. S. S. Shaler. New York, 1894. — Cyrus Thomas. Intro- 
duction to the Study of North American Archaeology, Cincinnati, 
1898, — Justin Winsob. Narrative and Critical History of 
America. Boston, 1889. — G. F. Wright. The Ice Age in North 
America, New York, 1896. (o. T. M.) 


America Islands. Sue Polynesia. 

American Literature. Bcu uuder United 

States. 

AmerICUSi a city of Georgia, U.S.A., the capital 


of Sumter county, situated in the south-western [mrt of 
the state at an altitude of 360 feet. It is in an agri- 
cultural region which produces cotton and corn, and is on 
the Central of Georgia and the Georgia and Alabama 
railways. The population in 1880 was 3635, in 1890 it 
was 6398, and in 1900 it was 7674. 
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Amainhaifli or Aomondebham, a market -town 
and railway station in the Wycombe parliamentary 
division of Buckinghamshire, England, 26 miles W.N.W. of 
London. Area of parish, 6119 acres. Population (1881), 
2500; (1901), 3209. Rural district area, 39,800 acres; 
population (1891), 12,601 ; (1901), 13,541. 

Amesburyp a town of Essex county, Massachusetts, 
U.S.A., situated in north-eastern Massachusetts on the 
north bank of the Morrimac river, six miles from its 
mouth. Its area is fourteen square miles and its surface 
is hilly. The principal village, bearing the same name 
as the town, and noted as being the home of Whittier, 
lies at the mouth of the Powow river, and is on the 
Boston and Maine railway. The population of the town 
(1880) was 3355; (1890), 9798; (1900), 9473. 

Am harm. See Abyssinia. 

Amhorstp a district and town within thc' Teiias- 
serim division of Lower Burma, lying between the 
Indian Ocean and the hills which separate Burma firm 
Siam. The area of the district is 7062 square miles, w ith, 
in 1891, a population of 233,539. The number of villages 
in the district was 660, and the revenue paid in 1898-99 was 
Rs.8,76,819. In 1891 the population comprised 191,241 
Buddhists and Jains, 19,415 Hindus, 15,61 1 Mahommedans, 
2897 aborigines, mostly Karens, and 4374 Christians. 
Of the total area of 4,519,680 acres, there were 312,908 
acres under cultivation in 1898-99, 14,594 acres were fallow, 
77,912 acres were cultivable, and 3,670,276 acres were not 
capable of cultivation. The chief town is Moulmein, 
with a population of 55,785. Amherst town, about 
30 miles to the south, has not grown to any appreci- 
able extent and remains a mere lathing-place for Moul- 
mein. The rainfall for the district in 1898-99 was 
199*58 inches. This is below the average. 

Amhorstf the county town of Cumberland county 
and port of entry in Nova Scotia, at the head of Chig- 
necto Bay and on the Intercolonial Railway, 138 miles 
from Halifax. It contains county and railway buildings, six 
churches, an iron foundry and several factories, and shops 
for the manufacture of railway carriages. In 1900 the 
exports were $338,525, and the imports $219,422. The 
population in 1891 was 3781, and was estimated in 1900 
at 5600. 

AmhorStf a town of Hampshire county, in central 
Massachusetts, U.B.A., with an area of 26 square miles. 
It is situated on the east side of Connecticut Valley, im- 
mediately north of Holyoke Range. The village of the 
same name is entered by two railways, the Boston and 
Maine and the Central Vermont. Amherst College had in 
1899 a faculty of 32 professors and instructors, and was 
attended by 380 students. Its property was valued at 
$2,400,000, and its income was $100,000. The state 
Agricultural College had in 1899 a teaching staff of 19 
professors and 140 students. The population in 1880 was 
4298, in 1890 it was 4512, and in 1900 it w^as 6028. 

Amiei, Henri Prddtfric (I 821 -I 88 I), Swiss 

philosopher and critic, was born at Geneva, 27th Septembt;r 
1821. He was descended from a Huguenot family which 
liad been driven to Switzerland by the revocation of the 
Edict of Nantes. He lost both his pai'ents at an early age ; 
when ho grow up ho devoted himself principally to travel, 
mingling with the most intellectual circles throughout 
Europe, and in particular studying Gorman philosophy at 
Berlin. In 1849 ho was appointed professor of aesthetics 
at the academy of Geneva, and in 1854 became professor 
of moral philosophy. Notwithstanding his high quali- 
fications, these appointments turned out unfortunately for 
him. They had been conferred by the democratic party. 
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then dominant in Geneva, and he was in consequence 
entirely ignored by the aristocratic party, winch com- 
prised nearly all the culture and refinement of the city. 
This painful isolation nevertheless inspired the one book 
by which Amiel lives, the Journal Intinie^ which, imb- 
lished after his death, obtained a European reputation 
and was translated into English by Mrs Humphry W ard. 
Did not ‘‘second-rate” seem to imply a slur, this book 
might be well described by the title of one of Tennyson’s 
early poems, “ The Confessions of a Second-rate Sensitive 
Mind ill at ease with itself.” Although, however, second- 
rate as regarded productive power, Aniiers mind w^as of 
no inferior quality, and his journal, as a candid record of 
the yearnings and meditations of a thoughtful, affectionate, 
and wounded spirit, gained a sympathy w^hich the author 
had failed to obtain in his lib*. He also wrote studios on 
Erasmus, Madame de Stael, and other literary personages, 
and several volumes of poems. Amid died in Geneva on 
the 27th of December 1881. (h. g.) 

AmlonSf the ancient capital of Piciirdy, and chief 
town of the department of Somme, France, situated on the 
river Somme, 81 miles from Paris by the Paris-Calais rail 
way. It has also railway communication wdth Arras, Lille 
and Belgium, Tcrgnier and Rheims, Rouen and Normandy, 
Doullens, Beauvais and Cre]»y-en- Valois. The chief 
industries of the town arc manufactures of cotton velvet 
(value of annual production, £400,000) and Utrecht velvet 
(20,000 pieces, value £200,000 to £240,000 a year), 
cotton -spinning, wool -spinning (50,000 spindles), heinp- 
and flax-spinning (24,000 spindles), weaving, manufactures 
of hosiery, carpets, machinery, chemicals, sugar, and 
nouveauthy brewing, tanning, printing, and founding. The 
population of the town in 1886 was 68,177 ; in 1896, 
74,808 (commune, 88,731), in 1901, 90,758. 

Ammunition. See Propellants, and Gel 

NANCE. 

Amoy, a towm and treaty-port on the small island of 
Hiamen, i)rovincc of Fuhkien, China. It has diy dock.s 
and an excellent anchorage. The trade in 1870 was ; 
imports, £1,915,427 ; and exports, £1,440,000. In 1899 
the figures were: imports, £2,180,000, and exports, 
£363,000. The falling off of exports is duo to the 
decreased demand for China tea, for which Amoy w^as one 
of the chief centres. The native jiopulation is now’ 
estimated at 300,000, and the foreign residents numl^er 
about 280. A large part of the trade is that carried on 
with the neighbouring island of Formosa, now Japanese. 
The province of Fuhkien is claimed by the Japanese as 
their particular sphere of inlluencc*. 

Amphibia. — The arguments adduced by Huxley, 
in his article on this subject in the ninth edition of the 
Encyclopoedia BHtannica, for applying this name to those 
lung-breathing, jHintadactyle vertebrates wdiich liad lieen 
first severed from the Linnaean Amphibia by Brongniart, 
under the name of Batrachm^ have not met with univeisal 
acceptance. Although much used in text -books and 
anatomical works in Great Britain and in Germany, the 
former name has been discarded in fiuour of the latter by 
the principal authors on systematic herijctology, such as 
Peters, Gunther, and Cope, and their lead is followed in thc 
present article. Bearing in mind that Linnams, in his use 
of the name Amphibia, was not alluding to tlic branchiate 
and pulmonate periods through wdiich most frogs and 
newdis pass in the course of their existence, but only 
wished to convey the fact that many of the constituents of 
the group resort to both land and wrater (eg., crocodiles), 
it seems hard to admit that the term may be thus diverted 
from its original signification, especially when such a 
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change results in discarding the name expressly proposed 
by Brongniart to denote the association which has ever 
since been universally adopted either as an order, a sub- 
class, or a class. Many authors who have devoted special 
attention to questions of nomenclature therefore think 
Reptilia and Babuchia the correct names of the two great 
classes into which the Linmean Amphibia have been 
divided, and consider that the latter term should be 
reserved for the use ef those who, like that great authority, 
the late Professor Peters, down to the time of his death in 
1883, would persist in regarding reptiles and batrachians 
as mere sub-classes (1). However extraordinary it may 
appear, esiHJcially to those who bring the living forms 
only into focus, that opposition should still be made to 
Huxley's primary division of the vertebrates other than 
mammals into Sauropsida (birds and reptiles) and 
Ichthyopdda. (batrachians and fishes), it is certain that 
recent discoveries in palaeontology have reduced the gap 
between batrachians and reptiles to such a minimum as to 
cause the greatest embarrassment in the attempt to draw a 
satisfactory lino of separation between the two ; on the 
other hand the hiatus between fishes and batracliians 
remains as wide as it was at the time the article 
“ Amphibia ” was written. When we turn to the defini- 
tion given in that article (Ency. Brit, vol. i. p. 750), we find 
that one of the essential characters — “two occipital con- 
dyles, the basi-occipital region of the skull either very incom- 
jiletoly, or not at all ossified ” — may require revision, if it 
Iw true, as held by some authors, that tlui bone on which 
the occipital condyles have been found most developed, in 
some labyrinthodonts (2), represents a hirge basi-occipital 
bone yielding the two knobs for the articulation of the skull, 
whilst the skull of the batrachians of the present day has 
lost the basi-occipital, and the condyles are turnished by the 
exoccipitals. More than this, some reptiles are now known 
to liavo the occipital condyle divided into two, and 
produced either by the basi-occipital (c.</., A nphisbrnnidke, 
in some of which the double condyle resembles very 
closely that of the labyrinthodont BothricepH\ or by the 
exoccipitals (^.</., Uroplatid<je), When we remember that 
the supposed condition of the occipital condyles was not 
very long ago thought suflicient to point to a ])ossible 
direct descent of the mammals from the batrachians, we 
shall realize the full importance of the more correct infor- 
mation now available on this point. As a result of his 
researches on the anomodont reptiles and the Sieyo- 
cephalia (3), as the extinct order that includes the well- 
known labyrinthodonts is now called, we have had the 
proposal by Seeley (4) to place the latter with the reptiles 
instead of with the batrachians ; whilst Credner (5), basing 
his views on the discovery by him of various annectent 
forms between the Stegocephalia and the Ehyncho- 
cephalian reptiles, has proposed a class, Eotetrapoda^ to 
include these forms, ancestors of the batrachians projicr 
on the one hand, of the reptiles proper on the other. Yet, 
that the Stegocephalia, notwithstanding their great affinity 
to the reptiles, ought to be included in the batrachians as 
commonly understood, seems sufficiently obvious from the 
mere fact of their passing through a branchiate condition, 
undergoing metamorphosis (6). The outcome of our 
present knowledge points to the Stegocephalia, probably 
themselves derived from the Crossopterygian fishes (7) 
having yielded on the one hand the true batrachians (retro- 
gressive series), with which they are to a certain extent 
connected through the Caudata and the Ajxoda^ on the other 
liand the reptiles (prognjssivo series), through the Rhyncho- 
cophalians and the Anomodonts, the latter being believed, 
on very suggestive evidence, to lead to the mammals (8). 

The division of the class Amphibia, or Batrachia, into 
four orders, as carried out by Huxley, is maintained, with, 


however, a change of names: SUyoetphalia^ for the 
ammblage of minor groups that duster round the Lahy-^ 
HfdiwdxmJUi of Owen, which name is restricted to the forms 
for which it was originally intended ; Peromda^ UrodeUi^ 
Awum^ are changed to Apoda^ Cemdaia^ Ecavdata^ for 
the reason that (unless obviously misleading, which is not 
the case in the present instance) the first-proposed name 
should supersede all others for higher groups as well 
as for genera and species, and the latter set have the 
benefit of the law of priority. In the first subdivision of 
the batrachians into two families by Dum^ril in 1806 {ZooL 
Anal, pp. 90-94) these 
are termed “Anoures” 
and “ UrodMes ” in 
French, Ecavdaii and 
Caudati in Latin. 

When Dum^riFs pupil, 

Oppel, in 1811 {Ordn, 
litpt, p. 72), added the 
Oa^cilians, he named the 
three groups Apoda^ 

Eaivdata^ and Caudata, 

The Latin form being 
the only one entitled to 
recognition in zoological 
nomenclature, it follows 
that the last-mentioned 
names should bo 
adopted for the three 
orders into which recent 
batrachians are divided. 

1. Stegocephalia 
( 9 ). — Tailed, lacerti- 
form, or serpentiform p,o. i. ^ u 
batrachians, with the Oech^ni. 
temporal region of the 
skull roofed over by 
postorbital, squamosal, 
and Bupratemporal 
plates similar to the same bones in Crossopterygian fishes, 
and likewise with paired bones (occipitals and post- 
temporals) behind the parietals and supratemporals. A 
parietal foramen ; scales or bony scutes frequently present, 
especially on the ventral region, which is protected further 
by three large bony plates — interclavicle and clavicles, the 
latter in addition to cleithra. 



Uppor view of ArchegomurM 
(Outlines after Credner.) jmt 
pncmaxilla ; n, nasal : maxilla ; /, lacry- 

inal , p/, prwfroutal frontal ; Jugal , p(/; 
pr>stfrontal ; p, parietal ; st, suprateinporal ; 
;<ry, Buiiamosal ; pto, postorbital ; qj, quaUratu- 


jugal, 0, occipital; pt, 
quadrate. 
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Extinct, ranging from the Upper Devonian to the Trias. Our 
knowledge of Devonian forms is still extremely meagre, the only 
certain proof of the existence of pentadactyle vertebrates at that 
j^riod resting on the footprints discovered in Pennsylvania and 
described by Marsh (10) as Tinqpus antiquus. Sundry remains 
from Belgium, as to the identification of which doubts are still 
entertained, have been regarded by Lohest (11) as evidence of these 
batrachians in the Devonian. Over 200 species are now distin- 
guished, from the Carboniferous ofEurope and North America, the 
Permian of Europe, North America, and South Africa, and the 
Trias of £uro|)e, America, South Africa, India, and Australia. 
The forms of batrachians with which we are acquainted show the 
vertebral column to have been evolved in the course of time from 
a notochordal condition with segmented centra similar to that of 
early bony Ganoid fishes Caturm^ Evnyc(yrmvA) to biconcave 
centra, and finally to the sockct-and-ball condition that prevails 
at the present day. However, owing to the evolution of the 
vertebral column in various directions, and to the inconstant 
state of things in certain annectent groups, it is not possible, 
it seems, to apply the vertebral characters to taxonomy with 
that rigidity wnioh Cope and some other recent authors have 
attempted to enforce. Tnis is particularly evident in the case of 
the Stegocephalians ; and recent batrachians, tailed and tailless, 
show the m(me of articulation of the vertehriB, whether amphiccelous, 
opisthoccelous, or proccclous, to be of but secondary systematic 
importance in dealing with these lowly vertebrates. The following 
division of tha Stegocephalians into five suh-orders is therefore 
open to serious criticism ; but it seems on the whole the most 
natural to adopt in the light of our present knowledge. 
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A. BlUMhitomi (Figs. 1, 2), in which the spinal cord rests on 
the notochord, which persists uninterrupted aud is surrounded by 
three hony elements m addition to the neural arch : a so-called 
pleurocentrum on each side, which appears to represent the 
centrum proper of reptiles and mammaU^ and an interuentrnm or 
hypocentrum below, which may extend to the neural arch, and 
probably answers to the hypapophysis, as it is produced into 



Fio. 2. — A, Doraal vertebra, li, Caudal vertebra of Anhetiosnunm (Outline 
after Jaekel ) net, neural arch ; ch^ chorda ; pZ, pleurocentrum , u*, inter- 
centrum. 

chevrons in the caudal region. Mostly largo forms, of Carboni- 
ferous and Permian age, with a more or less complex infolding of 
the walls of the teeth. Families : ArcH£go.sauuid^, Kuyopid^, 
TitTMEEORHACHiBiE, DisHORUOPHiBAC. The last is remarkable for 
an extraordinary endo- and oxo- skeletal carapace, JJisaorhophus 
being described by Co^ie (12) as a **batrachian armadillo.” 

B. Embolomeri, with the centra and intercentra etpially 
developed discs, of which there are thus two to each neural arch ; 
these discs jierforated in the middle for the passage of the 
notochord. This type may be directly derived from the preceding, 
with which it appears to be connected by the genus Diplotrpondylus. 
Fam. : Griootiujs, Permian. 

C. Labyrinthodonta, with simple biconcave vertebral discs, very 
slightly pierced by a remnant of the notochord and supiiortuig tho 
loosely articulated neural arch. This condition is derived from 
that of the Jihaehitomi, as shown by the structure of the vertebral 
column in young specimens. Mostly large forma from the Trias 
(a few Permian), with true labyrinthic dentition. Famihp.s : 
Labyrintuodontidae, Anturacosauridjb, Dendreupetida:, 
Nyranitdaj. 



D. Microaanria, nearest the reptiles, with persistent notochord 
completely surrounded by constricted cylinders on which the neural 

arch rc^ts. Teeth 

— ^ ^ /[\ hollow, with simple 

y slightly 

\ ' ^ VV folded walls. Mostly 

- v. small size and 

j ^ ^ V abundant in the Car- 

J p- — y — ---i boniferous and Lower 

' X ^ V I Permian. Families: 

UrO CORBYLIBAi, 
Ll MNERPETlPiB, 




Uylonomidas, (Fig. 
3) Microukachibas, 
Doltchosomatid.® ; 
tho latter ser|)enti- 
form, apodal. 

E. Branchioianria, 
nearest to tho true 
batrachians ; with 
persistent, non -con- 
stricted notochord, 
surrounded by 
barrel -shafted, bony 
cylinders formed by 
the neural arch 


Km. 3.— A, Dorsal vertebra of HyUtnonius (side view above and a Bair of 
and front view). B, Dorsal vertebra of BmacAio- 

sawnw (elde view and ftront view). (After Credner. ) , below, 

rt, neural canal i cfc, eliurda. both these elements 

taking an equal 

share in tho formation of a transverse process on each aide for the 


teristic of frogs in which, as development shows, the vertebra is 
formed wholly or for the greater part by the neural arch (13) 
Small forms from the Upper Carboniferous and Permian forma- 
tions. A single family : Branchiosaurib®. 

II. Apoda (14). — No limbs. Tail vestigial or absent. 
Frontal bones distinct from parietals; jjalatines fused 
with moxillaries. Male with an iiitromittent cofmlatory 
organ. Degraded, worm-like batrachians of still obscure 
affinities, inhabiting tropical Africa, South-eastern Asia, 
and tropical America. Thirty-three species are known. N o 
fossils have yet lieen discovered. It has been attempted of 
late to do away with this order altogether and to iimke the 
Csecilians merely a family of the Urodelcs. This view 
lias originated out of the very remarkable 8U[)erficial rescni 
blance between the IchthyophisAArwi and the Amplduvui, 
Cope (16) regarded the A]>oda as the extremes of a line 
of degeneration from the Salamanders, with Amphiwma 
as one of the annectent forms. In the opinion of the 
cousins Sarasin (16), whose great work on the development 
of Ichthyophia is one of the most important recent contri- 
butions to our knowledge of tJie batmehians, Amphiunia is 
a sort of neotenic Caicilian, a larval form become w^xually 
mature while retaining the branchial rt^siiiration. If the 
absence of limbs and the reduction of tlie tail were the 
only characteristic- of the group, there would be, of course, 
no objection to unite the Ciecilians with the IJrodeles ; 
but, to say nothing of the scales, jiresent in many genera 
of Apodals and absent in all Caudates, wliich have 
been shown by Credner to be identical in stnicturti with 
those of Stegocephalians, the Cajcilian skull presents 
features which arc^ not shared by any of the tailed 
batrachians. G. M, Winslow (17), who has made a 
study of the chondrocranium oi Ichtht/o- 
phis, concludes that its condition could 
not have been derived from a Urodele 
form, but points to some more primi- 
tive ancestor. That this ancestor w^as 
nearly related to, if not one of the 
Stegoceiihalians, future discovery w'ill 
in all probability show. 

III. Caudata (18). — Tailed batrach- 
iaiis, with the frontals distinct from 
the parietals and the palatines from 
the maxillary. Some of the forms 
breathe by gills throughout their exist- 
ence, and were formerly regarded as 
establishing a passage from the fislies 
to the air-breathing batrachians. They 
are now considered as arrested larvie 
descended from the latter. One of the 
most startling discoveries of the decade 
1890-1900 was the fact that a number 
of forms are devoid of both gills and 
lungs, and breathe merely by thij skin 
and the buccal mucose membrane (19). 

Three blind cave-forms are known : one * —rvphUm<Ar 
terrestrial — Typhlot'niony from North 

America, and two ])erennibranchiate — Proteus m Europe 
and Typhlonwlye (Fig. 1) in North America. 

This order contains about 160 species, refened to five families . 
nYL®o»AruAcuii)®, Salamanbrib®, Ami'HIUmid.i-., TMujtkid®, 
Siren IB.E. 

Fossil remains are few in the Upper Eocene and Miocene of 
EuroiH) and the Upi»er Cretaceous of worth America. 'I'he oldest 
Urodele known is Hylaohatrackus, Dollo (20) from the Lower 
Wealden of Belgium.' At present this order is confined to the 
northern hemisphere, with tiio exception ol two Spcierpt's from the 
Andes of Ecuador and Porn, and a rlctlwdon fiom Aigcntina. 

IV. Ecaddata (21).— Frogs and toads. Four limbs and 
no tad. Radius confluent with ulna, and tibia with fibula ; 
tarsus (astragalus and c^lcaneum) elongate, forming an 
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additional segment in the hind limb. Caudal vertebra) 
fused into a urostylo or coccyx. Frontal bones confluent 
with ])arictals. 

'riiia order embraces about 1300 species, of which some 40 are 
fosHil, divided into two sub-orders and sixteen families : — 

A. AgloMa. —Eustachian tubes united into a single ostinm 
pliaryngeum ; no tongue. DACTYLETHRiUiH, PiriTiiK 

B. PhanerogloBia — Eustachian tubes separated ; tongue 
present. DisooGLossiniK, Prlobatiuab, HEMiPiiiucriDiB, Ampui- 

GNATHODONTlDiB, HVLIDJE, BUFONIDJE, 
D KNDBUl'UK YKlSCIOiE, C YHTIONATUIM, 

DYftcopuiDiB, Genyopukymid/b, Enoy- 

STOMATina:, CERATOBATBACUlOiK, KaK- 

ii)As, Dendrobatid/b. 

The Phaneroglossa are divided into 
two group : Arcifera and Finnisternia^ 
representing two stages of evolution. 
The family characters are mainly derived 
from the dilatation oi non - dilatation 
of the sacral diapojihysos, and the pres- 
ence of teeth in one or both jaws, or 
their absence. The Dvacoglosaidoa are 
noteworthy for the presence of short rii)8 
to some of the vertebne, and in some 
other pints, also, they approach the 
tailed Datrachians ; they may be safely 
regarded os, on the whole, the most 
generalized of known Koaudata. Distinct 
ribs are present at an early age in the 
Aglossa, os discovered by Kidowood (22). 
The recent addition of a third genus of 
Aglossa, Uynietwchirus (28) from tropical 
Afri(ui, combmiiig cliaracters oilHpa and 
Xenopuaj has I'oiuovcd every doubt as to 
the real afliiiity whicli connects these 
genera. Uymmochirua is further remark- 
able for the prosence of only six distinct pieces in the vertebral 
column, which is thus the most abbreviated among all vertobrata 
(Fig. fi). 

Apart from a few unsatisfactory remains from the Eocene of 
Wyoming, fo^il tailless batruchians aio only known from the 
Oligucene, Miocene, and Pliocene of Kurop and India. These 
forms difter venr little from those that live at the present day in 
tlio same part of the world, and some of the genera {IhseogloimM^ 
Oj/'yglossuSf Hana) are even identical. PalasobcUmehtia 
(24), of which a number of species represented by skeletons of 
the prfect form and of the tadpole liavc been described from 
Miocene beds in Gortiiany, Bohemia, and France, seems to be 
referable to the Felobatiaai ; this genus has been considered as 
lossibly one of the Aglossa, but the absence of ribs in the 
arvie speaks against such an aasooiatioii. 

Since the publioation of the article Amphibia numerous additions 
have been iiiade to our knowledge of the development and nursing 
liabits, which are extremely varied, some forms dispensing with or 
hurrying through tiio motaroorphosos and hopping out of the egg 
in tlio perfect condition (26). 

(1) Oil the use of the names JBcUrachia and Amphibia^ £. I). 
Cope, Ueol, Mag. (3) ii. 1885, p 575 ; G. Bauu, Science{%) vi. 1897, 
pp. 170, 372 ; B. G. Wilder, t. c, p. 295 ; T. Gill, t. c. p. 446 ; O. P. 
Hay, t. c p. 773. (2) -E. Fraas, ‘*Die Labyrmthodouten der 

Sehwubischen Trias,” Palasontogr, zxxvi. 1889, p. 1, (8) E. D, 

Cope, “Synopsis of the Extinct Batrachia of North America.” 
Proc, Ac. Pkilad. 1868, p. 208. (4) ** Kesearches on the Structure, 

Organization, and Clossitication of the Fossil Reptilia, viu” Pktl. 
Trans, clxxxiii. (B) 1892, p. 311. (6) Die UrvierfUssler {Fotetrapoda) 
des Suchsiseheu Rotldiegeuden.” Allgem, veratUndl. naturh. Ahh.f 
Berlin, 1891, No. 15. (6) H. Crbdner. ” Die Entwickhingsgeschichte 
von Jirancfnosaurus amhlysfoinus.'* Xeitschr. Devtsch. Geol. Ges. 
1886, p. 576. (7) C. Emkiiy. “Uober die Beziehungeu des Chiro- 

pterygium zum Tchthvopterygimu.” Zt)ol, Anz. x. 1887, p. 185.— 
E. D. Cope. “On the Phylogeiiy of the Vertebrata.” Proc. Amer. 
PhUos, Soc, \xx. 1892, p. 280.— H B. Pollard. “On the Anatomy 
and Phylogenetic Position of PUypterus.*' Zoul. Jahrh. Anat. v. 
1892, p. 414. — G. Bauu. “The Stogocophali : a Phylogenetic Study,” 
Anat, Anz. xi. 1896, p. 657. — L. Dollo. “Sur lo Phylog^uie des 
Dipneustes.” Mhn. Hoc. Beige Gid. ix 1896, p. 79.— T. Gill. “On 
the Derivation of the Pectoral Member in Terrestrial Vertebrates.” 
lUp. lint. Asa. 1897, p. 697. (8) E. D. Cope. “The Origin of the 
Mammalia.” Proc. Jwer. PhUos. Soc. xxii. 1884, p. 48.— (y*. Discus- 
sion on Origin of Mammals, Proc. Intern, Gongr, Zod,^ Cambridge, 
1898. (9) A. Fritsoh. Fauna der OaskohXe und der Kedksteine 
Permformation BChmens, Vols. i. and li. Prague: 1879-85, 4to. 
— H. Chedner. “ Die Stegocephalou aus dem Rothliegeuden des 
Plauenschen Grundes bei Dresden.” Zeitschr, Dentsch, Oed, Oes. 

1 881 - 1 894. — J , W. Dawson. “ On the Results of Recent Explorations 



of Erect Trees containing Animal Remains in the Coal Formation of 
Nova Sootia.” Phil. Trans. clxxiiL 1882, p. 621.— H. B. Gbinitz and 
J. V. DbiobmCllbr. “Die Saurier der Unteren Dyas von Sachsen.” 
Palasontogr , xziz. 1882, p. 1.— A. Gauoby. Lu Mndus^nments du 
Mon4o animal dans Us temps gtdogiquss, FosdUs primaires (Paris : 
1883, 8vo), p. 251.— E. D. Cope. “ The Batrachia of the Permian 
Period of North America.” Amer, Nat, zviii. 1884, p. 26. — E. Fraae. 
“Die Labyrinthodonten der Bchwabischeu Trias.” Palasontogr, 
xxxvL 1889, p. 1. — L. v. Ammon. Die Permischen Amphibien der 
Rheinpfalz. Munich : 1889 (1891), 4to. — B. Lydekker. Catalogue 
of the Fossil Bj^tUm and Amphibia in the British Museum, Part 
IV. London: 1890, 8vo. — E. Fraab. Die Schwdbiachen Trvas- 
Saurier nach dem Material der K. Naturalien-SamnUuug in Stuttgart 
teummmengestellt, Stuttgart : 1896, 4to. — 0. Jaekel, “ Die 

Organization von ArchegosavrueP Zeitschr, Deutsch, Geol, Ges, xlviil. 
1896, p. 606.— F. Broili. “ Em Beitrag zur Keuntniss von Mryops 
megacephalus.** Pakeontogr. xlvi. 1899, p. 61. ( 10 ) “Amphibian 
Footprinto from the Devonian.” Amer, Joum, Sci, ii. 1896, p. 874. 
(11) “Decouverte du plus ancieu Amphibien conuu. . . . dans le 
Famennion superieur deModave.” Bull. Soc. Beige Otol. xv. 1888, 
p. cxx. ( 12 ) “A Hatrachian Armadillo.” Amer, Nat. xxix. 1895, 
p. 998. ^ (13) C. Gsoenbaur. Unterruchungen zur vergleicheTiden 
Anatmnie der Wvrbelsdule bei Amphibien und li^tilien. Leipzig: 
1862, 4to. — 11. Gadow. “On the Evolution of the Vertebral Column 
of Amphibia and Amniota.” PhU. Trans, clxxxvii. B. 1896, p. 1. 

(14) R. WiBDERBHEiu. Die Anatomxe der Qymnophionen, Jena, 
1879, 4to. W. Peters. “Ueber die Eiiitheilung der Coecilien.” 
Mon, Birl, Ac, 1879, p. 924. — G. A. Boulbnger. Catalogue of 
Batrachia Gradientia s, Caudata and Batrachia Apoda in the Cdlection 
qf the British Museum, Loudon : 1 882, 8vo, and “ A Synopsis of tlie 
Genera and Species of Apodal Batrachians.” P, Z, S. 1895, p. 401. 

( 15 ) “On the Structure and Aitlnities of the Amphmmidas** Proc. * 

Amer, Philos. Soc. xxiii. 1886, p. 442. ( 16 ) Brgebnissenaturunssen- 

seheftlicher Forschungen auf Ceylon^ II. Wiesbaden : 1887-90, 4to. 
(17) “ The Chondrocranium of the Ichthyopsida.” Stud. Biol, Lub. 
Tufts Cdl, No. 6, 1898, p. 147. ( 18 ) G. A. Boulengbr. Calalogue^ 

t, 0, 1882. ( 19 ) H. H. Wilder. “Lungenlose Salamandrideu.” 
Anat, Anz, ix. 1894, p. 216. — L. Cameuano. “Bicerche auatomo- 
iisjologiche intorno ai Salamandridi uornialmento apneumoni.” Atti 
Ace. Torin. xxix, 1894, p. 706, and xxxi. 1896, p. 612.— H. H. 
Wilder. “Lungless Salamanders.” Anat. Anz. xii. 1896, p. 182. — 
E. Loknnbero. “Notes on Tailed Batrachians without Lungs,” 
ZooL Anz, xix. 1896, p. 33. ( 20 ) “Note sur le Batracien de 

Bernissart.” Bull. Mils. Belg, in. 1884, p. 85. ( 21 ) G. A. Boulbnoer. 
Catalogue of Batrachw. Salieniia s. Ecaudaia tn the Collection of the 
British Museum, London : 1882, 8vo. ( 22 ) “ On the Development of 
the yortebral Column in Pipa and Xmopus,** Anat, Anz. xiii. 1898, 
p. 359. ( 28 ) G. A. Boulbngku. “ On Nymenochirus^ a New Type of 
Aglossal Batrachians.” Ann. and Mag. N. H, (7) iv, 1899, p. 122. 
— W. G. Kidewood. “ On the Ilyobranchial Skeleton and Larynx 
of the New Aglossal Toad, llymenochxrus boettgeri,** J. lAnn, Soc. 
xxvil. 1900, p. 454. ( 24 ) W, Woltbbstorpf. “Ueber fossile 
Frosche, insbesondere Palasobatrachua.*' Jahresb. Nat. Ver. Magdeh. 
1885 and 1886. ( 25 ) W. Peters. “ Ueber die Entwickelung eiues 
Batrochiers, Hy lodes martmicensist ohne Metamorphose.” Mon.Berl. 
Ac, 1876, p. 709. — A. Kaffler. “Dio Tiorwelt in Hollandischeu 
Guiana.” Das Ausland, 1885, p. 358. G. A. Boulenoer. “ Reptiles 
and Batrachians of the Solomou Islands.” Trans, Zool, Soc, xii. 
1886, p. 61. — H. V. IifKUiNO. “ On the Oviposition ot Phyllomedusa 
iheringiV* Ann. and Mag, N. U, (6) xvii. 1886, p. 461.— H. H. 
Smith. “ On Oviposition and Nursing in the Batrachian genus Den- 
drobates.** Amer. Nat. xxi. 1887, p. 807.— G. B. Howes. “ Notes 
on the Gular Brood-pouch of Bhirnderma darmnV' P, Z, S. 1888, 
p. 281. — W. J. Holland. “ Arboreal Tadpoles.” Amer. Nat. xxiii. 
1889, p. 383. — E. A. Gokldi. “Contribution to the Knowledge of the 
Breeding Habits of some Tree-frogs of the Serra dos Orgftos, Rio de 
Janeiro, Brazil” P, Z. S. 1896, p. 89.— G. A. Boulenoer. “On 
the Nursing Habits of two South American Progs.” P. Z. 8. 1895, 
p. 209. — A. Bbaueu. “Em ncuor Fall von Brutpiiege bei Frbschen.” 
Zod. Jahrb. Syst. xi. 1898, p. 89. — S. Ikbda. “ Notes on the 
Breeding Habit and Dey ot Bhacophorus sehtegelii.'* Annot, 
Zool. Japan, i, 1898, p. 113, (o. A, B.) 

AmphlOXUSa — Amphioxus has been briefly treated 
under the headings Ichthyology, Lancelet, and Verte- 
brata in the ninth edition of this work. Such, however, 
is its importance in the present zoological system that a 
more extended notice is desirable. Tlio theoretical interest 
of Amphioxus depends upon a variety of circumstances. 
In its manner of development from the egg, and in the 
coustitutioli of its digestive, vascular, respiratory (bran- 
chial), excretory, skeletal, nervous, and muscular systems 
it exhibits what appears to be a primordial condition of 
vertebrate organization, a condition which is, in fact, 
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partly recapitulated in the couree of the embryonic staged I 
of craniate vertebrates. In comparative morphology it I 
provides xnany illustrations of important biological prin- 
ciples (such, for example, as substitution and change of 
function of organs), and throws new light upon, or at 
least points the way to new ideas of the primitive relations 
of different organic systems in respect of their function 
and topography. One of the most puzzling features in its 
structure, and, at the same time, one of the greatest 
obstacles to the view that it is essentially primitive and 
not merely a degenerate creature, is the entire absence of 
the paired organs of special sense, olfactory, optic, and 
auditory, which are so characteristic of the higher verto< 
brates. Although it is true that there is a certain amount 
of gradation in the degree of development to which these 
organs have attained in the various orders, yet it is hardly 
sufficient to enable the imagination to bridge over the gap 
which separates Amphioxus from the lowest fishes in regard 
to this feature of organization. 

Claasificatuni. — On account of the absence of anything in tho 
nature of a skull, Amphioxus has been regarded as tho typo of a divi- 
sion, Aerania^ in contrast with tho CramoUi which comprise all tho 
higher Chordata. The ordinal name for the genera and species of 
Amphioxus is Vephalochorda, the tonn referring to the extension 
of the primary backbone or TuAochord to the anterior extremity of 
the body ; the family name is BrancMoatatnidaR, The amount of 
generic divergence exhibited by tlie members of this family is not 
great in the mass, but is of singular interest in detail. 'Jncre are 
two t)riuci{)al genera — 1. Braiidiio^ma Costa, having paired 
sexual organs (gonadio pouches) ; 2. HeteropUuron, Kirmildy, 
with unilateral gonads. Of these, the former includes two sub- 
f^iiera, AmphtoxiLB (s. str.) Yarrell and Willey. 

The species belonging to the genus Heteroplmrm are divided 
among the three subgenera ParamphioxuH Haeckel, Epigonkhthya 
Peters, and AsymmUron Andrews. Tho generic characters are 
based u)ion definite modifications of form which affect the entire 
facies of the animals, while tiie sfiecific diagnoses de|)eud u^kiu 
minor characters, such as the number of myotomes or muscle- 
segments. 

JlahUs and Dkiritmtim , — With rejjard to its habits, all that 
need be said here is that while Amphioxus is an expert swimmer 
when occasion requires, yet it spentls most of its time burrowing 
in the sand, in wnich, when at rest, it lies buried with head pro- 
truding and mouth wide agape. Its food consists of microscopic 
organisms and organic particles ; these are drawn into the mouth 
toother with currents of water induced by tho action of the 
vibratilo cilia which are abundant along special tracts on the sides 
and roof of the vestibule of the mouth and in tho walls of tho 
Tierforated pharynx (** ciliary ingestion ”). Amphioxus favours a 
littoral habitat, and rarely if ever descends below the 50- fathom 
line. Species occur in nil seas of the temperate, troynoal, and 
Bubtropif'al xones. The £uro{iean species, A, lanewlai^ia^ is found 
in the Black and Mediterranean Seas, and on the coasts of France, 
Groat Britain, and Scandinavia, while a closely allied sfiecies or 
sub • species, A, caribxuM, frequents the Caribbean region from 




Fio. \,—Kpi^on.whih}M cuUdlvM from below and from the left eido. (Slightly 
altoretl Irom Kirkaldy.) m and /m, right and left metaplpor ; a(, atrio|>ore : 
«n, aiiUH ; p, ** eyeepot ’’ at anterior ena of neurochurd projiuauig beyond lh« 
myotonies (my) ; n, notochord ; roo, gonads of right sIiIh only showing 
through by transparency ; go20, the last gonad ; dorsal tin with tin- 
cliambers and Itn-mys ; vps, ventral tlii-chambera. 

Chesapeake to La Plata. A, califomieims occurs on the coast of 
California, and A, belcJieri extends its area of distribution from 
Queensland through SingajKire to Ja^iaii. A recently described 
species, EoliehorhyTiehna ituiieua, characterized by the great longtli 
of the preeoral lobe or snout, has been dredged in the Indian Ocean. 
Paremphioams hasaamta occurs on the roast of Australia from Port 
Phillip to Port Jackson ; P. cingalensU at Ceylon. Epigwdcldhya 


euUeUm (Fig. 1) inhabits Tones Stiait, ami bas also been 
iouiid at Teruate. Aaymmelrm lucayanum is the Bahainan 
representative of the family, with a sub-s|H'oies, A. caudatum, in 
the South Pacific from New Guinea to the Loyalty Islands. The 
Pomviau species, Branchioatoma elmtgatumf with nearly 80 myo- 
tonies, cannot at present be assij^ned to its projicr sub-genus. 

Ertamal Form , — The following description, unless otherwise 
stated, refers to A, lanceolahiSt winch has bein already figured in 
side view, in section, and in dissection in the article VKUTKituATA 
(Ene^, Brit, vol. xxiv.). Amphioxus is a small fish-like creature 
attaining a maximum length of about 3 inches, semi-lranspaient 
in appearance, showing iridescent pla^ of colour. The body is 
narrow, laterally conniressed and pointed at both ends. Tiie 
main musculature can be seen through the thin skin to he divided 
into about sixty pairs of muscle-segments (myotomcR) by means ot 
comma-shajied dissepinieuts, tho myocommas, whiJi stietcb be- 
tween the skin and the central skeletal axis of tho body. These 
myotomes enable it to swim rapidly with characteristic serjieutuie 
undulations of the body, the movements being effected by tlie 
alternate contraction and relaxation of tho longitudinal muscles oii 
both sides. Apparently correlated with this peculiar locomotion 
is the anatomical fact of the alternation of the myotonies on the 
two sides. Symmetrical at their first appearance in the embr} u, 
the aomitea (from which the myotomes are derived) eaily undergo 
a certain distortion, the effoet of which is to carry the somites of 
the left side forwards through tho length of one lialf segment. 
For example, the twenty -seventh myotome of the left side is 
placed opposite to the twenty-sixth myoromma of the right side. 
The back of the body is oex*upieil by a crest, called the dmaa/ Jin, 
consisting of a hollow ridge, tho cavity of whieh is divided into 
about 260 comfmrtmeuts or fin-ehamhrrs, into each of which, with 
the exception of those near the anterior and posterior ends of the 
body, projects a stout pillar composed of eiiaracteristic laminar 
tissue, the fin^ray, Tne dorsal crest is continued round ^th 
extremities, liecoming expanded to form the rostral jin in front 
and tho caudal fin behind. Even in external view, careful insjiec- 
tion will show that the body is divisible into four regions, nameh , 
cephalic, atrial, abdominal, and caudal. The cephalic region in- 
cludes the roati'um or ])rieoral lobe and tho mouth. As abeady 
stated, the aiotochord extends beyond the mouth to the tip of the 
rostrum. The mouth consists of two portions, an outer vcatibuh 
and an inner aper^ara oria ; the latter is surrounded by a aphineter 
muscle, which forms the so-called velum. The vestibule of the mouth 
is the space bounded by the oral hood ; 
this arises by secondary down -growth 
of lip 'like folds over the true oral 
afierture, and is provided with a fringe 
of tentacular cirri, each of which is 
supported by a solid skeletal axis. 

The oral hood with its cirri has a 
Biieoial nerve-supply and musculature 
by which the cirri can bo either 
spread out, or bent inwards so that 
tnoso of one side may interdigitate 
with those of tho other, thus com- 
pletely closing the entrance to the 
mouth. Tho velum is also provided 
with a circlet of twelve tentacles (in 
some species sixteen) which hang 
backwards into the pharynx ; these 
are the velar tentadea. The atrml 
region extends from the mouth ovci 
about two-thirds of the length of tbn 
body, terminating at a large median 
ventral aperture, the atnopore , this 
is the excurrent orifice for the re- 
spiratory current of water and also 
serves for the evacuation of tlie genera- 
tive products. This region is really 
tho hranchiogniital region, although 
the fact is not apiiarciit iii external 
\iew. The ventral side of tho body Fio 
in the atrial region is broad and con- 
vex, BO that tlie body presents the 
appearance of a spherical triangle in 
transverse section, the apex being 
formed by the dorsal fin and the 
angles bordered by two hollow folds, 
the meiapleural folds, each of w hich 

contaiiiH a con tiimous longitudinal ,»uch h.hin.i 

Jymph-spaoe, the nietaplenral camiL thetttnoporoasfurus thnamw 
In the genus BrandiioaUmia the 

metapleural folds terminate symmetrically shortly behind the 
atrio^Kire, but in Ueteropleuron the right nietnf»leur |>asses uiiinter- 
niptedly into the median crest of the ventral fin (Fig 1). In this 
connexion it mav also be mentioned that in all casc.s the right half 
of the oral hood is directly continuous with tho lostral fiu (Fig. C). 

S. I. — 49 



2 . — 4 wi ;>/ holc «< lamrclaUis 

laid open leiilrullv (Aft«r 
Iluthkp, altered.) 

mouth appearing as an eloi. 
gated alit when relaxHl (as in 
the lamprey); p, i>erf(jrated 
phiir>nx; ondohlylo, v, 

goiiails, I, luer; of, level of 
atno|)ore ; i, intestine; on, 
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The ahdomiruU region compriHcs a short stretch of body between 
atrioi>ore and amis, the termination of the alimentary oanal 
It is characterized by the presence of a special development 
of tlie lophioderm or median fin-system, namely, the vewtral fin^ 
whicli is composed of two jiortions, a lower keel-like nortion, 
which underlies an upiior chambered portion, each chamber con- 
taining typically a )>air of gelatinous fin -rays. Finally, the 
cavdeU region comprises the post-anal division of the trunk. The 
keel of the ventral tin is continued past the anus into the expanded 
caudal fin, and so it happens that ilie anal opening is displaced 
from the middle lino to the left side of the fin. In Asymmdron the 
caudal region is remarkable for the curious elongation of the noto- 
chord, which is ])rodiiC(‘<l far beyond the last of the myotomos. 

Alimentariff JUapiratory^ and Excretory Systeme , — Although the 
function of tlie two latter systems of organs is the purification of 
tlie blood, they are not usually considered together, and it is 
therefore the more remarkable that their close association in 
Amphioxus renders it necessary to treat them in common. The 
alimentary canal is a perfectly straight tube lined throughout by 
ciliated epithelium. As food jMirticlos {uiss in through the moutn 
they bocomo envelojied in a slimy substance (secreted by the 
etuloslyle) and conveyed down the gut by the action of the vibratilo 
cilia as a continuous food-rope, the peristaltic movements of the 
gut-wall being very feeble. The first |>art of the alimentary canal 
consists of the nJuirynx or branchial sac, the side walls of which 
are jierforated by upwards of sixty jiairs of elongated slits, the 
y ill-clefts. Each primary gill-cleft becomes divided into two by a 
tongue-bar whiidi grows down secondarily from the upper wall of 
the cleft and fuses with the ventral wall. New clefts continue to 
form at the jKistorior end of the pharynx during the adult life of 
the animal. The gill-clefts open directly fi*om the cavity of the 
pharynx into that of the atrium and so give egress to the respira- 
tory current whioli enters the mouth with the food (Fig. 2). The 
atrium or atrial chamber is a peripharyngeal cavity of secondary 
origin effecting the enclosure of the gill-clefts, which in the larva 
opened directly to the exterior. The atrium is thus analogous to 
the opei*ciilar cavity of fishes and tadpoles, and, as stated above, 
leiiiaiiis in commuiiication with the exterior by means of the 
utriofioro. The primary and secondary bars which SG|)arate and 
divide the successive gill-clefts from one another are traversed by 
hlood-vesbels which run from a simple tubular contractile ventral 
branchial vcised along the bars into a dorsal aorta. The ventral 
branchial vessel lies below the hypobranchial groove or endostylc, 
and is the reiireseniativo of a heart. As water for respiration 
streams through the clefts, gaseous interchange takes place 
between the circulating colourless blood and the {lorcolating 
water The iiharyiix ]»rojeots freely into the atrium ; it is sur- 
rounded at tne sides and below by the continuous atrial cavity, 
hut dorsnily it is held in position in tw^o ways. Firstly, its dorsal 
wall (which is grooved to form the hyprrpharyngcal groove) is 
closely adiiorciit to the sheath of the notochord ; and secondly, the 
pharynx is attached thioiigh the intermediation of the primary 
liars. Those are siispoudod to the muscular body- wall by a double 
membrane, called the ligarnentum deniiculaium^ which forms 
at once the roof of the atrial chamber and the fioor of a per- 
sistent portion of the original body-cavity or cxslom (the dorsal 
nelomie canal on each side of the ])harynx). The UgametUum den- 
iiculatum is thus lined on one side by the opiblastio atrial 
fpUheliumy and on the other by mesoblastic arlomic epUhelium. 
Now this ligament is in.sorted into the primary boi’s some 
distance below the upper limits of the gill-clefts, and it there- 
fore follows that, correB])oiidirig with each tongue-bar, the 
atrial cavity is produced upwards beyond the insertion of the 
ligament into a senes of bags or pockets, which may be called the 
atrial ^touches. At the top of each of those pouches there is a 
minute orifice, the aperture of a small tubule lying above each 
pouch ill tiio dorsal ccelom. These tubules are the excretory 
tubules or nrphridia, Tliey communicate with the ciclom by 
several o))eiiiiigs or nephrostomes, and with the atrium by a single 
opening in each case, the nephrUiiojjore, It is im|K>rtaut to em- 
jmasize the fact that in Ampliiuxus the excretory tubules are co- 
extensive with the gill-clcfts. The perforated jiharynx terminates 
some distance in Iront of the ati lojiore. At the level of its posterior 
cud a pair of funnol-sliaped jioiiches of the atrium are produced 
forwaras into the dorsal ca'loni. These are the atrio - ccelomic 
funnels or brown funnels^ so called on account of the characteristic 
]>igmentatiou of tlieir walls. There are reasons for supposing 
that these funnels are vestiges of an ancient excretory system, 
which has given way by substitution to the excretory tubules 
tlescrilied above. In the same region of the body, namely, close 
behind the [iharvnx, a large diverticulum is given off from the 
ventral side of the gut. This is the hepatic ecccitm (Fig. 2, f), wdiich 
is quite median at its first origin, but, as it growls in length, 
comes tu lie against the right wall of the pharynx. Although 
w'ithin the atrial cavity, it is separated from the latter by a 
narrow ctelomic space, bounded towards the atrium by coelomic and 
atrial epithelium. No food passes into the hejiatic osecum, which 


lias been definitely shown on embryological and physiological 
grounds to be the simplest persistent form of the vertebrate liver. 

Nervous System , — As has been already indicated, a solid sub- 
cylittdrioal elastic rod, the notochord, surrounded by a sheath of 
laminar connective tissue, the chordal skealh, lies above the ali- 
mentary oanal in contact with its dorsal wall, and extends beyond 
it both in front and behind to the obtusely pointed extremities of 
the body. This notochord represents the persistent primordial 
skeletal axis which, in the higher Craniota (though not so in the 
lower), gives way by substitution to the segmented vertebral column. 
Immediately above the notochord there lies another subcylindrical 
chord, also surrounded by a sheath of connective tissue. This 
chord is neither elastic nor solid, but consists of nerve tissue, 
fibres, and ganglion cells, surrounding a small central canal. For 
the sake of uniformity in nomenclature this nerve chord may be 
called the neurochord. It is the central nervous system, and con- 
tains within itself the elements of the brain and spinal marrow of 
higher forms. The neurochord tapers towards its posterior end, 
where it is coextensive with the notochord, but ends abruptly in 
front, some distance behind the tip of the snout. The neurochord 
attains its greatest thickness not at its anterior end but some way 
behind this region ; but the central canal dilates at the anterior 
extremity to form a tbin-walled cerebral vesicle, in the front wall of 
which there is an aggregation of dark pigment cells constituting 
an eye-spot, visible through the transparent skin (Fig. 1). There 
are two pairs of specialized cerebral nerves innervating the prmoral 
lobe, and provided with peripheral ganglia placed near the 
termination of the smaller branches. Corresponding with each 
pair of myotomcN, and subject to the same alternation, two paira 
of spinal nerves arise from the iieurochord, namely, a right and 
left pair of compact dorsal sensory roots without ganglionic 
enlargement, and a right and left pair of ventral motor roots 
composed of loose fibres issuing separately from the neurochorll 
and passing directly to their termination on the muscle-plates of 
the myotomes. The first dorsal s])inal nerve coincides in position 
with the myocomma which separates the first myotome ftom the 
second on each side, and thereaiter the successive dorsal roots pass 
through the substance of the myocomniata on their way to the 
skin ; they are therefore septal or intcrsegniental in position. 'J'he 
ventral roots, on the contrary, arc 7nyal or segmental in position. 
Ill addition to the cerebral eye- 
spot there are large numbers of 
minute black pigmented bodies 
beside and below the central 
canal of the nourochord, com- 
mencing from the level of the 
third myotome. It has been 
determined that these bodies 
are of the nature of eyes 
{Becheraugen, Hesse), oncli 
consisting of two cells, a cup- 
shaped pigment cell and a ti i- 
aiigular retinal cell. These 
may be called the spinal eyes, 
and it is said that they are 
disposed in such a way as to 
receive illumination preft*r- 
eutially from the right side, 
although this fact has no re- 
lation with the side upon 
which Amphioxus may lie 
upon the sand. When kept in 
captivity the animal often lies 
upon one side on the surface 
of the sand, but on either side 
indilTerently. Over the cere- 
bral eye there is a small orifice 
placed to the left of the base 
of the cephalic fin, leading into 
a pit which extends from tlie 
surface of the body to the sur- 
face of the cerebral vesicle ; 
this is known as Kolliker’s 
olfaxtory pit, 

neprodudive j,,„ 3 ._Diag^ of mnbryo of 

and the ruriui seen from above in optical section. 
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walls of the pouches burst and the sexual elements pass into the 
atrium, whence they are discharged through the atriopors into the 
water, where fertilization takes place. 

Devdopmsnl . — The development of Amphioxus possesses many 
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featui«s of interostp and cannot fail to retain its ini|K>rtanco as 
an introduction to the study of embryology. The four principal 
pbosos in the development are; (1) Blastula, (2) Gastrula, (3) 
Flagellate Embiyo, (4) Larva. The segmenUtion or cleavage of j 
tlie^ovnm which follows upon fertilization terminates in the 
achievement of the hUuitda form, a minute sphere of cells sur- 
rounding a central cavity. Then follows the phenomenon of 
gastrnlotion, by which one-half of the blastula is invaginated into 
the other, so as to obliterate the segmentation cavity. The embryo 
now consists of two layers of cells, epibUuA and hypoblast^ surround- 
ing a cavity, the archenleront which opens to the exterior by the 
oriftce of invagination or blcutopore. One important fact should be 
noted with regard to the gastrula, in which it seems to dilfer from 
the gastrulsB of invertebrate. After invagination is completed, the 
embryo begins to elongate, the blastopore becomes narrower, and the 
doiw wall of the gastrula loses its convexity and becomes flattened 
to form the dorsal plcUe, the outer layer of which is the primordium 
of the neurochord, and the loner layer the primordium of 
the notochord. While still within the egg- membrane the cpi- 
blastic cells become flagellated, and the gastrula rotates within 
the membrane. About the eighth hour after commencement of 
development the membrane ruptures and the oval embryo escapes, 
swimming by means of its flagella at the surface of the sea for 
another twenty-four hours, during which the jirincijial orgaps are 
laid down, although the mouth does not oi)en until the close 



Fih 4.— -Anterior region of two pelagic larv»i* of J. lancfoUitus obtained by the 
tow-nct in 8*10 fatUoiiiK, Hbowing ttic asymmetry of tlie large lateral alnistml 
mouLii with its ciliate<l iiiurgin m and the dextral seiira of aimple primary 
gill-slits (lpA- 14 /M), Tim lar>.F swim normally like the adult or suapeiid 
theiuKclvoa by their llagella (not shown iii the tlgurrs) vertically in mid- 
water. There is nothing in their mcxio of life which W’ill aflonl an explana- 
tion of the asymmetry which is a dovelo]imeiiial phenomenon Utterimj 
<ifujtper «»p, anterior neural jjorc ; rudiment <if buccal skeleton ; 

<■, cilia ; tJij ciliated liand ; cc, ciliated groove ; cm, cilia at iiiargin of mouth . 
til, external opening of club-shax)e<l gland ; //n, Hatschek's iie])iiildium ; Im, 
lett irietaxdeur ; n, notochord ; pp, pneoral pit ; ps, primary gill-slits, 1, 5, 
and 13; t/n, right iiietupleur showing through, heiitring oflow^r figure, - 
a, atrium ; al, alimentary canal ; hi\ blo(xl-vesHcl ; cc, cerebral vesicle , <//, 
doiwal section of myoccel (-lln-siiaces); e, “ejespot**; end, utidoNt>Ie, 
gl, club-shaped gland ; Ini, edge of left inetapleui ; in, lowered^) of month , 
n, notochord ; nt, pigmented nerve tulie ; pe, primary gill-slits, 1, P, and 14 , 
rc, lenal cells on atrial floor; nii, edge of right inutanleur; so, sense oi^an 
o])ening into prH>oral pit; ss, thickenings, the rudiiiieuts of the row ot 
Mcondary gill si its. 

of this }>crlod. The primordium of the neurochord (neural or 
medullary plate) referred to above becomes closed in from the 
surface by the oveigrowth of surrounding epiblast, and its edges 
also bend up, meet, and finally fuse to form a tube, the medullary 
or neural tube. An important fact to note is that the blastopore 
IS included in this overgrowth of ejiiblast, so that the neural tu^ 
remains for some time iu open communication with the archenterou 
by means of a posterior wurenterie canal. It is still longer before 
the neural tube completes its closure iu front, exhibiting a small 
orifice at the surface, the anterior ueuroporc. It is thus possible 
that the neurenteiic canal is duo to the conjunction of a posterior 
neuropore with tlio l)]asto{K)re, i,e., it is a complex and not a 
simple structure. Paired archenteric pouche.s meanwhile apjiear at 
the sides of the axial notochordal tiaot, the mesoblasfic somites. 
The first of these difiers in several respects from those which 
succeed, and has been called the collar cavity (MacBride). in 
front of the latter there remains a portion of the archeiiteron, 
^'hich becomes constricted off as the head cavity. This becomes 
divided into twp, the right half forming the cavity of the rostrum, 
while the left acquires an opnixig to the exterior, and forms the 
2)rncora/ pU of the larva, which subsequently gives rise to special 
Ciliated tracts in the vestibule of the mouth mentioned above. 
1 he larval period commences at about the thirty-sixth hour with the 
perfbration of the mouth, first gill-cleft, and anus. The larva is 
cunously asymmetrical, as many as fourteen gill-clefts appearing 
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in an unpaired series on tlie right side, while the mouth is a 
large orifice on the left side, the anus being median. The 
adult form is achieved by metamorphosis, which cannot be 
further described here. One point must not be omitted, iiuincl \ , 
the homogeny of the endostyle of A. and the thyroid glami ot 
Oraniota. 

Rrfeuences. — Boveui. ** Die Nierencanalchen dcs d7np/i loxus" 
Zool, Jahrb, Anat, y , 1892, p. 429. — Felix. **liciLiage zur 
Kntwickelungsgeschichte der Salmouiden," Anat, H^ic Arh. 
viii. 1897; Ampkioxus, p. 333.— Gakbowskz. ** Amyhwxus als 
Grundlago der Mcsodermtlieorie," Aiuit, Atus, xiv. 1898, p. 47t) 
— Hesse. “Die Seliorgane des Amphioxus,"' ZeUsihr, u'iss, Zuol, 
Ixiii. 1898, p. 456. — Kirkaluy. “A Eevisioii of the Genera and 
Species of tlie Braiichiostomidie,” Quart, J. Micr. *Sn, xxxvii. 
1895, p. 303.— Lankesteiu “ Contributions to the Knowledge of 
Amphioxus larweolatus (Yarrell),” oj), ciL, xxix. 1889, p 365. 
— Lwovp. “Die Bilduiig der pritnaren Keimblutter und die 
Kntstehung der Chorda und dcs Mesoderms l>ei den Wiibelthiereii,** 
Jiull. Soc, Moscow, 1894. — MkcBuidk. “The early Develop- 
ment of Amphioxus,'** Q-uurt, J, Micr, Sn, xl. 1897, p. 589, 
and xliii. 1900. — Mouuan and Hazkv. “The Gaatrulation of 
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“Eiiiiges uher Itesoiqition und Excretion bei Amphioxus laneco- 
laius,** Ayiat. Anz, xvi. 1900, p. 601.— Soiioi ia. “Die Reilmig 

I uiid Befnichtnng des Eios von Aiuphioxus lanceolains** Airh. 

] 7uihr, AiuU. 1. 1897, n 15. — Wlis.s. “ E.\cietory tubules m 

' Amphioxus lanecolatus. Quart, J Moi. Sci. xxxi. 1890, p. 489. 
— WlLi.EY. Amphioxus and the Aiursfrtf gf the Vertebrates, 1894 ; 
“liemarks on some recent Work on the Vrotoeborda,” Quart. J. 
Micr, Sci, xlii. 1899, ii. 223; “ Dolicborhynclius indicns,” ihid,, 
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— BuRCHAiiTiT. “ Finer Anatomy of Amphioxus,” with biblio- 
graphy, Jeua Zedsehr. xxxi\. 1900, p. 719. (A. W.*) 

' Ampthlll, Odo William Leopold 

RuSSelly Iht Baron ( 1829-1 S8l), British diplomatist 
and ambassador, was horn in Floroncc on the 20th of 
February 1829. He was the son of Major-General Lord 
George William lliissell, by Elizalx^th Ann, niece of the 
marquess of Hastings, wdio was governor-general during 
the final stniggle with the Mahrattas. His education, 
like that of Ids two brothers — Hastings, who became 
eventually ninth duke of Bedford, and Arthur, who sat 
for a generation in the House of Commons as member 
for Tavistock — was carried on entirely at home, under the 
general direction of his mother, w hose lieauty was celebrated 
by Byron in Be/tfjo. l^idy William Bussell v\as as strong- 
wdlled as she was beautiful, and certainly deserved to be 
d(‘.scribed as she was by Disraeli, who said in conversation, 
“1 think she is the most fortunate woman in England, for 
she has the three nicest sons.” If it liad not been for hei 
strong will it is as likely as not that all the three would 
liave gone through tlie usual mill of a jiublic school, and 
liave lost half their very peculiar chauii. In !March 1849 
Odo was ajipointed by Lfird Malmesbury attache at 
A'ieima, From 1850 to 1852 lie was temporarily employed 
in the Foreign Office, w^hence he passed to Paris. He 
lemained there, however, only about tw’o months, when he 
w'as transferred to Vienna. In 1853 he became second jiaid 
attache at Pari.s, ami in August 1 854 he was transferred 
as first ])aid attache to Constantino] )le, W'here he served 
under Lord Stratford de Bedcliffe. He liad cliarge of tlie 
cmliassy during his chiefs tw'o vi.sits to the Oimea iu 
1855, but left the east to work under I..ord Najiier at 
Washington in 1857. In the following year he liecaiiie 
secretary of legation at Floicnee, but was detached from 
thatjilace to reside in Home, where he remained for iw^ehe 
years, till August 1870. During all that i»eriod lie was 
the real though unofficial representative of England at the 
Vaticaii, and his consummate tact enabled him to do 
all, and more than all, that an ordinary man could have 
done iu a stronger position. A reference, however, to hia 
evidence before a committee of the House of Commons 
in 1871 wrill make it clear to any unprejudiced reader that 
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those were right who, during the early ’fifties, urged so 
strongly the importance of having a duly accredited agent 
at the Palpal Court. The line ti^en by him during the 
Vatican Council has been criticized, but no fault can justly 
be found with it. Abreast as he was of the best thought 
of his time — the brother of Arthur Russell, who, more 
perhaps than any other man, was its most ideal representa- 
tive in London society — he sympathized strongly with the 
views of tliose who laboured to prevent the extreme 
partisans of {la^ial infallibility from having everything 
their own way. But in his caiiacity of clear-headed 
observer, whoso business it was to refiect the actual truth 
upon the mind of his Government, ho was obliged to make 
it quite clear that they had no chance whatever, and in 
conversing with those whose opinions were quite unlike his 
own, such as Cardinal Manning, he seems to have shown 
that he had no illusions about the result of the long 
debate. In 1868 Odo Russell married Lady Emily 
Theresa Yilliers, the daughter of Lord Clarendon. In 
1870 ho was appointed assistant under-secrotary at the 
Foreign Office, and in November of that year was sent on 
a sjiocial mission to the headquarters of the German army, 
where he remained till 1871. A little later in the same 
year he received the well-deserved reward of his labours by 
being made ambassador at Berlin. 

During the months he passed at the Foreign Office he 
was examined before the committee of the House of 
Commons, already alluded to, and had an opportunity of 
stating very distinctly in [niblic some of his views with 
regard to his profession. It was before the same com- 
mittee that he said that **i( you could only organize 
diiilomacy properly, you would create a body of men who 
might influence the destinies of mankind and ensure the 
peace of the world.” In those words we have the key to 
the thought and habitual action of one of the best and 
wisest public servants of the time. If more p 60 [>le could 
be converted to his views, the di[)loniatic service suffi- 
ciently increased, the means of getting adequate informa- 
tion from abroad improved, and that information projierly 
digested, the cost of some regiments and not a few iron- 
clads might be saved. 

Lord Ampthill remained at Berlin, with only brief inter- 
vals of absence, from 16th October 1871 till his death at 
Potsdam on the 25th August 1884. He was third iilenijw- 
tentiary at the Berlin Congress, and is generally credited 
with having prevented, by his tact and good sense, the 
Britisli prime minister from making a siieech in French, 
which he knew very imiierfectly and pronounced abomin- 
ably. In 1874 Odo Russell received a patent of precedence 
raising him to the rank of a duke’s son, and after the Con- 
gress of Berlin he was offered a peerage by the Conservative 
Government. This ho naturally declinijd, but accepted the 
honour when it was offered by the Liberals. Ho became 
a privy councillor in 1872 and was made a G.C.B. some- 
wliat later. At the conference about the Greek frontier, 
which followed the Congress of Berlin, he was the only 
British representative. During all his long sojourn in. the 
Prussian capital, he did everything that in him lay to 
bring aliout close and friendly relations between Great 
Britain and Germany. He kept on the best of terms with. 
Bismarck, carefully avoiding everything that could give any 
cause of offence to that most jealous and most unscrupu- 
lous minister, whom he, however, did not hesitate to with- 
stand when his unscru[)ulousiicss went the length of deli- 
berately attempting to deceive. What might have hap[)cned 
if Lord Ampthill’s life had been ])rolonged, and the 
Em|)oror Frederick had come to the throne at about the 
jieriod of life at which it w^ould have been natural for him 
to do so, in the first half of the ’seventies, it is impossible 
to say. The death in 1888 of the Emperor Frederick 
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was, as has been truly said, '*Not the death of a man but 
of a generation.” (m. g. d.) 

AlfirAOtlp or Umrawattee, a town and district of 
India, in Berar or the Haidarabad Assigned Districts, 
under British administration. The town is 1222 feet 
above the sea ; the railway station is six miles from Bad- 
nera junction on the Great Indian Peninsula line. Popu- 
lation (1881), 23,550; (1891), 28,946, excluding 4709 
in the civil station. Amraoti raw cotton is quoted on the 
Liverpool Exchange. There are 11 cotton presses with an 
out-turn of 70,000 bales; and a mill at Badnera, with 
248 looms and 18,900 spindles, employing 1186 hands, 
which, in 1897-98, product 5796 bales of twist and yarn, 
and 2442 bales of cloth. There are two high schools, 
with 354 pupils; and a school for Eurojjean boys and 
girls, maintained by a Roman Catholic mission. The 
town has four printing-presses, one issuing a vernacular 
newspaper. 

The district of Amraoti has an area of 27 59 square miles;, 
population (1881), 575,328; (1891), 655,645; (1901), 
630,245, showing a decrease of 4 per cent. The land 
revenue and rates in 1897-98 were Rs.17,01,357, the 
incidence of assessment being R.l:l:4 per acre; the 
cultivated area was 1,414,361 acres, of which 8745 are 
irrigated from wells ; the number of police was 623 ; the 
number of boys at school in 1896-97 was 14,065, ^ing 
27*5 per cent, of the male population of school-going age 
the registered death-rate in 1897 was 60*5 i)er thousand. 
The district is crossed by the main lino of the Great 
Indian Peninsula railway. In 1899-1900 it suffered 
severely from drought. 

AlfirftVfiitli a village of British India, in theKistua 
district of the Madras Presidency. It is situated in 
16” 34' N. lat. and 80” 24' E. long., on the right bank of the 
river Kistna, near the head of its delta. Here are, or 
rather were, the mins of the finest Buddhist monument 
in India. It was a stupa, or “ tope,” built to enshrine 
a relic of Gautama Buddha. It is enthusiastically de- 
scribed by Hwen Thsang, the Chinese pilgrim, who visit.'d 
it in 639. In the beginning of the 19th century ela- 
borate excavations and drawings were made by Colin 
Mackenzie. The sculptures subsequently carried off by 
Sir Walter Elliot now line the great staircase of the 
British Museum, and are figured in Fergusson’s Tree and 
Serpent Worship (1868). Further researches were con- 
ducted on behalf of the Government in 1877 and 1882, 
and the best of the remaining sculptures were taken to 
Madras. A handsome memoir by Dr James Burgess was 
published in 1887, as one of the volumes of the Archieo- 
logical Survey of Southern India. 

Amritsar (Umritsctr), a city and district of British 
India, in the Lahore division of the Punjab. It has a 
station on the North-western railway 32 miles east of 
Lahore. Population (1881), 151,896 ; (1891), 136,766; 
(1901), 162,548, showing an increase of 19 per cent. 
Municipal income (1897-98), Rs. 4, 42, 3 72; death-rate 
(1897), 36 j)er thousand. A Sikh college for university 
education was opened in 1 897. The other public build- 
ings include two churches, a town hall, and a hospital. 
There are also a municqml college; 5 high schools for 
boys; 3 secondary schools for girls; 17 printing presses, 
issuing 10 newspapers and periodicals ; Hindu, Sikh, and 
Mahommedan literary institutions. 

The area of the district of Amritsar is 1601 square miles ; 
jiopulation (1881), 893^266 ; (1891), 992,697, showing an 
increase of 11 per cent., and an average density of 620 
Iversons , jicr square mile; (1901), 1,023,902, showing 
an increase of 3 j>er cent. The land revenue and rates 
in 1897-98 amounted to Rs. 12,44,644, the incidence^ 
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K)f assessment being ILl : 5 : 0 per acre ; the cultivated area 
was 772,724 acres, of which 543,068 were irrigated, inclad> 
ing 247,465 from government canals; the number of police 
was 852; the number of schools in 1896-97 was 395, 
oittended by 15,376 boys, being 17*4 per cent, of the boys 
of school-going age; the death-rate in 1897 was 28 per 
thousand. The principal crops are wheat, pulse, maize, 
millet, with some cotton and sugar-cane. There are two 
factories for ginning and pressing cotton. 

AmrohAf a town of British India, in the Morada- 
bad district of the North-west Provinces, is situated in 
28” 54' N. lat. and 78” 31' £. long. It contains the tomb 
of Shaikh Saddu, and has been for many centuries a 
Mahommedan centre. It has a high school. In 1897-98 
the municipal income was R8.25,687. Population (1891), 
35,230. 

Amsterdfimf the capital and one of the two chief 
commercial centres of the Netherlands, in the province of 
North Holland, on the Y inlet of the Zuyder Zee ; con- 
nected by the Ymuiden Canal with the North Sea. The 
money market is of importance, and is the headquarters 
of companies formed to promote the cultivation of colonial 
produce. A central station has been erected (1888), a 
new theatre (1894), a new post oflSco (1898), a music hall, 
a new exchange (1901), and an abattoir. To scientific 
and artistic institutions have been added a school of 
navigation (1879), a school of engineering (1879), a school 
for teachers (1878), a school of industrial art; the 
“Quellinus” (1880), a university (1877), which took the 
])lace of the Athenssum, a free university (1883), the State 
Museum (Ryksmuseum, 1876-85), in which are collected, 
from various other museums, pictures, drawings, prints, 
sculpture, and casts, and the Museum Suesso Lopez, for 
modern paintings (1895). The progress of navigation 
and commerce has been promoted by the construction of 
a canal to the North Sea (1876), with a depth of 30 to 33 
feet; the Commercial or UawleU dock; the railway, wood, 
and petroleum (1880-90) docks; the Merwede Canal, 
connecting the town with the great rivers (1893), and the 
new Entrepot dock (1900). The tonnage of ships enter- 
ing and clearing the port in 1870 was 808,042 tons 
^metric), which in 1899 had risen to 4,310,000 tons (16*6 
per cent, of that of the whole kingdom). In 1899, 9988 
ahips of 15,680,000 tons passed through the North Sea 
Canal. In 1899, 2029 vessels entered with the following 
imjiorts: — 163 ship loads of timber, 142 of ore, 177 of 
coal and coke, 312 of piece goods, 34 of rice and other 
4 grain, 25 of petroleum, 4 of linse^, and the remaining 
1172 of ballast and miscellaneous goods. Of late years 
Sumatra tobacco has ranked first among the exports of 
•colonial produce; but tea, cocoa, and Peruvian bark 
{pvM^uynxC) are also important. The supply of tea for 
the Amsterdam market, which in 1888 amounted to 

5.002.000 ft, had risen in 1897 to 10,738,225 lb; the 
supply of cinchona in 1889, 171,207 ft, had risen in 1897 
to 580,722 ft. The value of Sumatra tobacco imported 
in 1865 was £3333; in 1896, £2,687,500. Since 1874 
radwayg have been constructed connecting Amsterdam 
with Belgium (vid Utrecht, Bois-le-Duc, and Maestricht) 
and with Prussia {yid Hilversum and Zutphen). Regular 
steamers maintain communication with sixty-one places in 
the Netherlands. The tonnage of this inland naviga- 
tion, carried in 80,000 vessels, amounted in 1899 to 

4.310.000 cubic metros (the register ton is equal to 2*83 
cubic metres). To the industries have been added of late 
years shipbuilding and the manufacture of machinery and 
stearine candles. The population in 1874 was 285,000; 
in 1890, 408,061 ; in 1900, increased by that of Neuwer 
Amstel (annexed in 1896; population, 25,000), 523,557« 
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about 100,000 of whom are Roman Catholics and about 

50,000 Jewa 

See Ter Govw. Amtkl(damiana, Ameterdam, 1878 •74.-- 
Srqveira. AffuAerdam^ Guide deecripiive, htatoriqius el lopngia- 
phique, Ametenlam, 1877.— Teh Go uw. Ge8e?iy denis van Am- 
sUtuam. Amaterdam, 1886.— Kalff. Ond en KUuw Anisicrdmn, 
Amsterdam, 1880. ^c. M. K.) 

AlVISt^nlftini a city of Montgomery county, New 
York, U.S.A., situated in 42” 57' N. lat. and 74” 11' 
W. long., on the north bank of Mohawk river, at an 
altitude of 277 feet. Its site is hilly and the ]dan is 
irregular. It is divided into seven wards. Two railways 
enter it, the New York Central and Hudson River, and 
the West Shore. It has an excellent water supply and 
good drainage. The j^pulation in 1880 was 9466, in 
1890 it was 17,336, and in 1900 it was 20,929. 

AmU-dAriA, a great river of Central Asia, tributary 
of Lake Aral (see Oxus), and also the name of a separate 
administrative division {Amu<iarnn8kiy Otdyel) of the 
Syr-daria province of Russian Turkestan. (See Turkestan, 
Syr-daria, and Aral-Caspian Rkoion.) 

Amurp an exten.sive province of Silwria, Russia 
in Asia, on the left bank of the Amur river, wliich was 
conceded to Russia by China by the treaties of 1857 and 
1 858. It includes the basins of the Oldoi, Zeya, and Bureya, 
left bank tributaries of the Amur, and has the provinces 
of Transbaikalia in the W., Yakutsk in the N., Maritime in 
the E., and Manchuria in the S.W. and S. Area, 172,848 
sq. miles. Immense districts are quite uninhabited. All 
its north-western jiart is occujiied by the High plateau, 
bordered by the Great Khingan border range, whose exact 
jiosition in the region is not yet definitely settled. Next 
comes a belt of fertile high ]>lains, inliabited mainly by 
Nonconformist emigrants from Russia, and limited on the 
j east by the Little Khingan, or Dousse-alin, a jiicturesque 
I well -wooded range, w*hich stretches in a north - easterly 
direction from Kirin across Manchuria, is pierced by the 
Amur, and continues on its left bank, separating the 
Bureya from Amgun. To the east of it stretches in the 
I same direction a belt of marshy lowlands, which includes 
also farther south the lower course of the Sungari. Fre- 
quent inundations, resulting from torrential rains occa- 
sioned by the monsoons, present great difficulties to the 
development of the belt. In the ranges which rise above 
the surface of the high plateau in the nort])-we.st, in the 
vicinity of the Stanovoi watershed, gold-mines of great 
richness are worked. Gold was also found in the fabulously 
rich mines of the Zheltuga (Manchuria) where a sort of 
free republic of Russian and (ftinese miners was formed 
in 1880-82. Coal of inferior quality is known to exist 
on the Oldoi, Zeya, and Bureya. The Russians are repre- 
sented by the Amur Cossacks, whose villages are situ- 
ated at alK>ut 17 to 20 miles from each other along the 
whole course of tlie river (Albazin, Kumara, Kkaterino- 
Nikolskaya, and Mikhailo-Semenovskaya are the chief 
ones) ; by peasant immigrants, chiefly Nonconfonnists, 

I who are the wealthiest jmrt of the population ; and by 
a floating population of workers in the mines. Some 
Chinese have remained in the province, and consider 
themselves under Chinese rule ; Tungus (Orochoiis), 
hlanegres, and Golds lead a nomadic life along the rivers, 
living by hunting and fishing. Bteamers ply regularly 
along the Amur for 6 J months, from Khabarovsk to 
Sryctensk, on the Shilka (terminus of the Trans-Siberian 
Railway) ; but only light steamers having from 2 to 
3 feet dmught can navigate the upjior Amur and 
Shilka. In the wdnter the frozen river is the usual high- 
way. Roi^h roads and bridle-jmths only are found in the 
interior. The great engineering difficulties in building a 
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railway along the Amur induced the BuBaian Government | 
to obtain from China permiBsion to build a railway j 
tlirough Manchuria. For the navigation on the Amur | 
there are now 112 steamers of 29,300 horse-power, and 152 
barges of 37,000 tons. The Amur province has a con- ; 
tinental climate, the yearly average at Blugovyeschensk 
(50^ N. lat.) being 30^' Fahr. (January -17“, July 70“). 
It experiences the influence of the monsoons, and has 
mostly cold north-west winds from October to March, 
while in July and August it receives torrential rains, 
rtisulting in a sudden and very considerable rise of water 
in the Amur and all its r.b. tributaries. The chief and 
in fact the only town of the province is Blagovyeschensk, 
but the chief centre of the administration of the 
Amur region is now Khabarovsk. The settled popu- 
lation in 1897 was 118,570 (51,975 women), of whom 
31,515 lived in towns. (p. A. K-) 

AnaCOndAp a city of Montana, U.S.A., the capital 
of Deer Lodge county, situated in the mountains on 
the west side? of Deer Lodge Valley, in the south-western 
jjart of the state*. It is entered by the Montana Central, 
a branch of the Great Northern, and the Butte, Anaconda 
and Facilic milw^ays. Its chief industry is the smelting 
of copper Ores, obtained from mines in the neighbour- 
hood. The population in 1890 was 3975, and in 1900 
it was 9453. 

AflAITIp or Annam. See Cochin ChiiNA. 

Anamaial HIIISi a range of mountains in 
Southern India, in tlie C^^imliatore district of Madras, 
lying between 10“ 13' and 10" 31' N. lat., and between 
7G“ 52' and 77“ 23' E, long., forming a portion of the 
Western Ghats, after this ninge has been broken by the 
Palghat Pass, south of the Nilgiris. They really consist 
of a forest-clad and grassy tableland, with summits rising 
above 8000 feet. Their geological formation is meta- 
morphic gneiss, veined wdth felspar and (juartz, and inter- 
spersed with reddish porphyrite. The lower slopes yield 
valuable teak and other timber ; and some land lias be(*n 
taken up for coflee-planting. The only inhabitants are a 
few wild tribes, w'ho live by hunting and collecting jungle 
produce. 

AnanlofTi a district town of ilussia, government 
of Kherson, on Til igul river, 118 miles N.W. of Odessa., 
12 miles from Zherobkovo, a station of the South-Western 
railway. It has trade in corn and cattle. It was annexed 
to Ilussia in 1792. Population (1897), 1G,713 — Russians, 
Jews, and Moldavians. 

Anantapiiri a town and district of India, in the 
Madras presidency, situated in 14“ 41' N. lat. and 77“ 39' 
E. long. It has a station on the Madras railway, 62 
miles S.E. from Bellary. Pojmlation (1891), 6994. I'he 
municiiial income in 1897-98 was Bs.20,410. There is a 
municipal high school. 

The district of Anantapuk was constitutt»d in 1882 
out of the unwieldy district of Hellary. It has an 
area of 5725 square miles, and its population in 1891 
w'as 708,549, being 134 peu'sons jier square mile ; in 1901, 
788,896, showing an increase of 8 per cent. The land 
revenue and rates were Jls.9, 63,538, the incidence of assess- 
ment being R.O : 12 : 5 per acre ; the number of police was 
702, In 1897-98, out of a total cultivated area of 1,428,404 
acres, 169,655 were irrigated, including 34,723 from 
government canals; the principal crops are millet, rice, 
other food grains, pulse, oil-seeds, and cotton. There are 
throe steam factories for pressing cotton. Two railways 
traverse the district. The numl^r of schools in 1896-97 
was 577, with 11,636 pupils; the proyiortion of boys at 
school to the population of school-going age being 19*5 
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per cent., and the proportion of girls 2 per cent. The 
registered death-rate in 1897 was 26*9 per thousand. 

AnarchiSfflli a theory of politics, according 
which all forms of organized government, except the free 
commune, are objectionable, since the individual should be 
a law to himself ; and a theory of economics, according to 
which land and capital ought to be the common property 
of society. There is also a propaganda of revolution 
by violence. The principal writers who treat of the 
theory of anarchy in its different aspects are Proudhon^ 
Elis^e Reclus, Herbert Spencer, Kropotkin, and Bakounine. 
In America, Mr Benjamin 11. Tucker has published since 
1882 a journal named Liberty y which is devoted to philo- 
sophical anarchism. In the congress of the International 
Working People^s Association, at the Hague, September 
1872, the followers of Bakounine separated themselves 
from those of Karl Marx. This was the definitive begin- 
ning of the anarchist propaganda. The Bakounine party 
organized the F6d4ratiou Jurassienne,” and established 
a pajier at Geneva, IJAvant Garde, This journal was, in 
1878, succeeded by La BevolUy founded by K^clus and 
Kropotkin. Revolutionary organizations of working men 
were also formed in France, Spain, Italy, Switzerland, 
Belgium, Germany, England, and the United States. 
Between 1882 and 1886, in France, Prince Kropotkin, 
Louise Michel, and others were imprisoned, and their 
journal suppressed. In England, Most, one of the 
Gorman anarchist leaders, founded Die Freiheity and, 

[ for defending in it the assassination of Alexander II. 
at St Petersburg, was sentenced to eighteen months’ 
iiiiprisonmout wim hard labour. After this he moved to 
the United States, and re-established his pajier there in 
New York, in May 1886. During this ixsriod there wore 
' several anarchist congresses in the United States. In one 
at Albany, in 1878, the revolutionary element, led by 
Justus Schwab, broke away from the others ; at Alle- 
gheny City, in 1879, again there was a rupture between 
the jieaceful and the revolutionary sections. Voice of 

the People at St Louis, the Arbeiter Zeitwag at Chicago, 
and the Anarchist at Boston, were the organs of the 
revolutionary element. In 1883, at Pittsburg, a congress 
of twenty-eight delegates, representing twenty-two towns, 
drew up an address to the working men of America. 
The programme it proposed was as follows : — 

Firsts Destruotloii of the existing class rule by all means, 
energetic, relentless, revolutionary, and international action. 

Sccandt Establishment of a free society, based upon co-operative 
oiganixation of production. 

Third, Free exchange of eipiivalent products by and between the 
productive organizations, without commerce and proflt-mongery 

Fawrlhy Organization of education on a secular, scientiiic, and 
equal basis for both sexes. 

Fifthy Equal rights for all, without distinction of sex or race. 

Sixthy Regulation of all public aflairs by free contracts between 
the autonomous (independent) communes and associations, resting 
I on a federalistic basis. 

This, together with an a^ipeal to the working men ta 
organize, was published in Chicago, November 1883, by a 
local committee of four, representing French, Bohemian, 
German, and English sections, the head of the last being 
August Spies, who was hanged in 1887 for participation 
in the Haymarkot affair in Chicago, 4th May 1886 This 
I affair was the culmination of a scries of encounters 
j between the Chicago working men and the police, which 
> had covered several years. The meeting of 4th May was 
I called by Spies and others to protest against the action of 
! the police, by whom several working men had been killed 
I in collisions .growing out of the efforts to introduce the 
eight hours’ day. The mayor of the city attended the 
I meeting, but, finding it peaceful, went home. The meet- 
i ing was subsequently entered by the police and commanded 
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to disperse. A bomb was thrown, several policemen 
being killed and a number wounded. For this crime eight 
men were tried in one panel and condemned, seven — 
Spies, Pfeirsons, Engel, Fischer, Fielden, Schwab, and 
Ling — -to death, and one— Neebe — to imprisonment for 
fifteen years. The sentences on Fieldeif and Schwab were 
commuted by Governor Oglesby to imprisonment for life, 
on the recommendation of the presiding judge and the 
prosecuting attorney. Ling committed suicide in jail, and 
Spies, Parsons, Engel, and Fischer were hanged, 11th 
November 1887. On 26th June 1893 an unconditional 
jjardon was granted the survivors, Fielden, Schwab, and 
Neebe, by Governor Altgeld. The reasons for the pardon 
were stated by the governor to be that, ujmn an examina- 
tion of the records, he found that the jury had not Wn 
drawn in the usual manner, but by a special bailiff, who 
made his own selection, and had siunmoned a ‘‘ prejudiced 
jury ” ; that the ** state had never discovered who it wus 
that threw the bomb which killed the policemen, and the 
evidence does not show any connexion wliatevor between 
the defendants and the man who did throw it,” ... or 
that this man “ ever heard or read a word coming from 
the defendants, and consequently fails to show that he 
acted on any advice given by them.” Judge Gary, the 
judge at the trial, published a defence of its procedure in 
the Century Matjadne^ vol. xxiii. p. 803. 

There have been a number of outbreaks in recent years 
attributed to the propaganda of reform by revolution, like 
those in Spain and France in 1892, in which llavachol 
was a j)rominent figure. In 1893, a bomb was exploded 
in the French Chamber of Deputies Igr Vaillant. The 
spirit of these men is w-ell illustrated by the reply which 
Vaillant made to the judge wdio reproached him for 
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endangering the lives of innocent men and wdmen : 
“There can be no innocent bourgeois.” In 1894 there 
was an explosion in a Parisian caf6, and another in a 
theatre at Barcelona. For the latter outrage six men wcie 
executed. President Carnot of the French Rejmblic was 
assassinated by an Italian at Lyons in the same ycai. 
The Empress Elizabeth of Austria was assassinated in 
September 1898. These events led to the [lassage by 
the United States Legislature of a law^, in 1894, to 
keep out foreign anarchists, and to dejiort any who 
might he found in tJie country, and also to the ass(im 
blage of an international conference in Rome, in 1898, to 
agree ujion some plan for dealing witli these revolutionists. 
It was proposed that their offences should no longer be 
classed as political, but as common-law crimes, and lie 
made subject to extradition. The suj>pressioii of the revolu- 
tionary press and the international cooperation of the 
police wore also suggested. The results of the conference 
were not, however, published ; and the question of how to 
deal with the campaign against society h'll for a while into 
abeyance. ]Moro recently the atteinyit made by the youth 
Si]>ido on the (then) Prince of Wales at Brussi'ls in 1900 
recalled attention to the subject. The acc|uiital of Sipido, 
and the failure of the Belgian Government 1o see that 
justice was done in an affair of such international import- 
ance, excited considerable feeling in England, and was the 
occasion of a strongly-worded note from the Bi itish to the 
Belgian Government. The murder of King Ifiimbert of 
Italy in July 1900 rencw'(*d the outcry against Italian 
anarchists. But even greater horror and indignation 
were exented by the assassination of President M ‘Kinley 
by Czolgoscz on 6th September 1901, at Buffalo, 
IT.S.A. ' (rr. n. !..•) 


ANATOMY. 


Modebn Aspects and Methods. 

T he acceptance of the doctrine of evolution has wrought 
cn.rdiiial clianges in the position of anatomy as a branch 
of biology. So long as differing species of animals 
were believed to bo genetically independent, resemblances 
in structure could only be interpreted ujxm some trans- 
cendental hypothesis, and no intelligible explanation could 
1)6 given of the changes in form and arrangement which 
take place in almost every ]mrt during the process of 
embryonic development, or of such common phenomena as 
those of variation. The doctrine of community of descent 
has made possible a philosophic theory of morphology, 
which unifies and renders intelligible the otherwise in- 
coherent facts of descriptive anatomy, and has opened up 
new holds of research. 

The bent of the new Comparative Anatomy has been 
mainly genealogical. Assuming that resemblances in 
structure are due to community of descent, its 
gmiltle stimulated by the endeavour 

iettdtneUt. ^ determine the j)hyla or genealogical trees of 
allied forms on the basis of a com()ari8on of 
the sum-total of resemblances in structure and organi- 
zation. For this purpose the elaboration of a complete 
anatomical ontology is necessary. The field of research 
in this direction been widely cultivated by Professor 
Gegenbaur and his school. The method of embryology 
is useful as a supplement and check to the teachings of 
ontology. Every animal begins existence as an egg, a 
single cell, from which is derived by a gradual process of 
growth and differentiation the complete organic structure 
of the adult state. As the eggs of most metazoan animals 
are constructed on the same plan, and as with each suc- 


cessive stage of development the range of resemblance in 
detail becomes more and more restricted, it has bcM'ii 
supposed that the embryology of each individual is a 
recapitulation of the stages of the ontology of its ancestral 
forms. This serves as an excellent working hypothesis for 
purposes of classification. 

Anthro 2 >otomy, in Great Britain at least, has hitherto 
profited loss than any other branch of anatomy by the ^ 
development of a philosoiihical mori)hology. The majority 
of those who study the subject are interested in it only so 
far as it is a handmaid to practical medicine and surgery, 
and its teaching is chiefly conducted by those w^ho regard 
it from the professional 8tandj>oint, and by whom, naturally, 
the morphological aspect is subordinaW to the technical. 
Attempts to remodel the nomenclature so as to /n^^r- 
bring human and comparative anatomy into nstloual 
line have not hitherto been encouraged by those nomwclM- 
authorities who exercise dominant influence in 
directing anatomical examinations. The S 2 )irit of the 
age will doubtless in time prove too strong for this 
obscurantism. On the Continent an effort has been 
made, especially by German te^ichers, to frame a uniform 
system of anatomical nomenclature. The names adopted 
by the Congress at Basel are largely those used by the 
school of Gegenbaur, and arc not in all resjiects satis- 
factory. In England and France this nomenclature has 
been ^opted by a few teachers only, and is used in a very 
few text -books. (For the best illustrated exj)ositioii of 
the Basel nomenclature, see Spalteholz, Hand Atlas der 
Anatomie^ Leipzig, 1896.) 

The importance of the study of the hunian type as a 
ground -work for morj^hological investigation has been 
admitted by all who are competent to judge. The body of 
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man has been scrutinized with the greatest minuteness by 
liuiidreds of workers, and knowledge of its details and of 
its variations is far more extensive and more accurate than 
that of the body of any other animal. 

The methods of anatomical study are of two sorts — 
those whereby the structures are unravelled as far as it is 
ix>s8ible to discriminate them by the naked eye, 
and those whereby the finer texture of the 
tissues is displayed and examined by the aid of the 
microscope. The procedures for either microscopic or 
macroscopic study are twofold — dissection and the cutting 
of sections. Tlie former is the art of separating the 
c!omponent parts, and of rendering them available for study 
by th(i removal of the connective tissues and fat which 
envelop them, wliile by the latter the relative anatomy 
of the parts can be best exhibited. Macroscopic sections 
are made of the whole body or limb, by freezing and 
cutting the sections with a fine saw, or by hardening the 
j>art8 by the injection of formalin, and cutting with a large 
and sharp knife (Fig. 1). The topography of regions can 



Fid. 1.— Section through the thorax on the level of the nipple, allowing 
the position of the heart aiul lungs. (Merkel.) 

be most satisfactorily made out by the examination and 
comimrison of successive stictions made at short distances 
from each other. Sections for microscopic examination are 
most easily made of small parts of organs or whole organs 
hardened and embedded in some sujiporting material, such 
as i)aralfin wax or celloidin. These are cut into trans- 
parent films by means of a section-cutter, various pattenis 
of which are in use. The best of those have an adjustment 
by means of which the sections can be cut of any required 
thickness, and the successive sections are preserved in the 
order in which they are cut. (The works of Braune, 
lludinger, and Symington give excellent plates of macro- 
scopic sections of the body.) In preparing parts for 
dissection, it is of advantage that the tubular systems 
should bo filled with some injected material, such as paint, 
wax, or starch. (Details of the modem methods in use are 
given by Gronroos, Arvat, AmeigeVy 1898.) Microscopic 
sections are usually stained with certain soluble pigments, 
such as carmine, logwood, or eosin, which have the property 
of differentiating sjiecial tissues, such as protoplasm, 
cartilage, muscle, «kc., eolouring some and leaving others 
unstained. In modern anatomical technology, the number 
of such stains in use is large. (These methods of prepara- 
tion are described in the text-books of histology by Schafer, 
Stirling, Bolles Lee, &c.) 

In recent years, great progress has been made in the 
knowledge of the details of human structure. Many 
Iiarts, such as the convolutions of the brain, the folds 
of the intestine, ikc., formerly supposed to be indefinitely 
variable as if they were arranged at haphazard, have 
been shown to be built up, oven in their most minute 


details, in a definite manner capable of formulated descrip- 
tion; indeed, it is probable that no stracture is so 
completely variable that its different conditions are 
incapable of reduction to law. (Of modem text-books, 
those of Bardeleben and Gegonbaur in German, of Poirier 
and Testut in French, are the best ; English text-books, 
such as Gray, Morris and Gerrish are excellent fr(xn the 
descriptive side, but almost completely ignore mor- 
phology. Quain’s work in its latest edition is of the 
nature of a compromise between the morphological and 
the descriptive.) 

Ultimate Analysis op the Body. 

The human body ultimately consists of form-demenU 
of three sorts — cells, intercellular substance, and fibres. In 
its earliest form the whole organism was a 
single cell, and the first processes of growth 
consist in the multiplication of cells by division. A cell 



Fio. 2.— Tlie cell and its process of division. A, Cell showing the network 
of spongioplasm ; e, centrosoiiie ; n, nucleus ; n', tiucduulus. B, First stage 
of division formation of chromatin wreath. C, Monaster stage with spindle 
and ceutrosoines at the poles. D. Chromatin star of this stage, seen from 
above. E, Formation of diaster. F, Tlie beginning of division and of the re- 
conatructlon of the nuclei. G, Stage of division nearly completed. 

is not a homogeneous speck of protoplasm, but is a special- 
ized structure exhibiting a comparatively complex organi- 
zation (Fig. 2). The chief mass of the cell substance con- 
sists of a cyUmiUmy or network of protoplasmic threads, 
each of which often contains granules of some substance 
derived from the metabolism of protoplasm, the meshes of 
which are filled with a more fluid material or enchyleiua. 
The nucleus also is complex and enclosed by an aijparently 
structureless limiting membrane, within which is a net- 
work of at least two kinds of material. One portion is 
capable of being stained by carmine, and on that account 
is called chromatin. The other part of the haryomiton or 
nuclear net is incapable of l^ing stained. Although 
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Apparently casual in its form of meshwork, there is reason 
to believe that there are definite architectural laws accord- 
ing to which the chromatin filament is arranged, and some 
of these peculiarities in arrangement become obvious when 
a cell is about to divide (see Ency. Brit voL xx. pp. 416- 
417). In that condition the nuclear membrane disappears, 
and the chromatin filament forms a wreath through which 
a spindle of achromatin passes, at each pole of which a 
definite achromatic mass or centrosome accumulates, 
surrounded by a series of rays of acliromatin. The 
equatorial chromatic wreath resolves itself into loops 
arranged with their closed ends directed inwards towards 
a central point and their free ends outwards. Tliese loojm 
undergo horizontal cleavage from looixjd to free end, and 
the looped ends pass along the surface of tlie spindle 
towards pole and antipole. When thus separated, the 
cell becomes mesially constricted and ultimately divides. 
Cells may be of very varied shaixss and differ among 
themselves in structure and function, as noted in subsequent 
sections of this article ; but they are, in the respects above 



Fio. 8 -Coniiociivt) tissue, showing oells, fibres, and ground*sub8tane,o. 

X 850. (Szynmowlcz.) c, cell ; e, elastic fibril ; /, white fibril. 

enumerated, built on a common plan. (For further parti- 
culars on cell -structure, see the text-books of histology 
above quoted, also the text-books of embryology of v. 
KoHiker, Minot, Kollmann, and Ilertwig, and the several 
numbers of Carnoy’s jxiriodical Za Cellule,) 

The structundess material known as intercellular 
ground-substance varies in quantity in different tissues of 
the body, being sometimes only a slight cement 
j^>iiiijig contiguous cells, sometimes a 
MubMtmace, copious substance in which cells are embedded. 

In all cases it has originated either by the 
exudation of material from cells or by the transformation 
of the periphery of a coU. Chemically, it is made up of 
some protoplasm-derivate, which varies in its nature in 
different tissues. 

Fibres are not, strictly speaking, a single category 
comparable with colls. A fibre is an elongated, thread- 
FJbnt form-element, but fibres of different kinds 

have different morphological values. Some, 
such as nerve fibres, are elongated processes of cells, maile 
of the same material as the cell-body, and often enclosed 
in a tubular sheath of the nature of an investing layer of 
intercellular material. Others, such as muscle fibres, are 


elongated cell-bodies whose cytomiton is so arranged that 
the contraction of the protoplasm of the cell can only act 
in one direction, shorttming the fibre along its long axis. 
Fibres in connective tissue (Fig. 3) are tor the most pai t 
of a different kind, consisting of elongattjd thrca<ls of mtei- 
cellular substancio differentiated from the inakTial 
them by virtue of the deptisit of rows of granules or linear 
masses of some particular protoplasm-derivate. TIu) nature 
of these granules determines the kind of fibre foriin^d, 
and they are in this way marked off from the formli'ss 
ground-substanco with which they are sunounded, being 
usually separate from the processes of the branched con 
nectjve tissue cidis It is possible, however, that some 
fibres in areolar tissuij may be derived from elongated cell 
processes which have lost their connexion with a cell- 
body. 

Histolooy. 

Form-elements when aggregated into continuous masses 
make up tissues, which may be classified according to their 
embryoiogical history, their position, and their 
properties into four gi*eat classes — epithelial, 
nervous^ muscular, and comvecUve, Epitlielial 
tissue (see Ency, Brit. vol. i. p. 817 ami xii 5) is the 
lineal descendant of t he superlicial and the. dcMqiest of tlie 
three primary lamniie of the embryo (//>. vol. xx p. 418) 
It is usually disposed as the boundary layer of a free 
surface, jireventiiig the leakage of the lymph or nutritive 
fluid in the underlying intercellular space.s. The amount 
of intercellular substance in epithelium is minimal, usually 
only represented by a layer of cement between c*ontiguous 
cells. Epithelial tissues diftbr widely <ainong themselvi's 
in proiierties according to the situation which tlu*y occupy; 
with th('se physiological variations are correlated morpho- 
logical differences in the forms and structure of the cells. 

The conditions determining divergence are degree of 
superficial pressure, of lateral tension, the nature of the 
material in contact with their free surfaces, and theur 
degree of nutrition. When stratified in comparatively 
thick masses, as in tlie epidermis, the intermediate layers 
consist of prickle cells (see vol. i. p. 897), w'hose surfaces 
are beset with processes wdiich join similar processes of 
other cells, leaving betw^een them lympli spaces for nutri- 
tion. In some such cases, it apiiears from the observa- 
tion of Cleland and Thomson tliat the most active cell 
multiplication is in this layer. In general, however, 
epithelial masses are sparingly provided with lymph 
channels, and cell growth proceeds from the doepi'st cells 
towards the surface. 

Kpiilielial cells, whose surfaces are iii contact with cui routs of 
air or of fluid, which requires to be passed on and not absorbed, 
are besot by cilut (see vol. i p. 847). Keceiitly it has been shown 
that the organusation of iheso cells is much more complex thau hail 
been sup^iosed (see Ilcidetihaiii, AntU, Anxetger, 1899, No. fi), and 
that the cilia are counected with specialized portions of the 
reticulum of the cell suhstanee, so that their iiiotifui is really a 
|jart of the motion oi the whole reticulum. Such cilia arc found 
in the nostrils, ])uInionary air-passages, Eustachian and Fallopian 
tulics, and a few other jdaccs. (For further particulars eoneeniing 
cilia, see Henneguy, Archives iV A luU. microscop, 1898; Studuicku, 
Sitzb, d, kgl. bohviischcn Gcsellsch, 1899; Gurwitsch, Anat. 
Anzeiger, 1900.) 

Nerve-endings am minute and with difficulty traceable in ordi- 
nary epithelium; hut in some cases tlieie is a mucli more abundant 
nervous supply, winch readies its climax in the organs of the 
special senses. The essential chaiacter of each of thest* is the 
presence of one or more layeis of sensory epithelium, whose com- 
ponent cells aio elongated on their free surface into one oi more 
exceedingly line rod-iike piocesses. These ancl the reticulum of 
the c<‘ll-body are organized in a more or less complex manner 
according to the nature of the impulse to wdiich they are designed 
to respond by vibration, and each cell is m direct connexion w’lth 
a nervo-onding. The forms of sensory epithelium aie described in 
connexion with the specific sense organs (vol. i. p. 884 et seqq.), 
(For further researches, see liamdn y Cajol, “Le ratine dcs 
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vertebras/* La Cellule^ ix. 1893 ; Ketzins, BudogUcke Unteraueh* 
1893, and Lenhossek, An(U, Aimiger^ 1893.) Embryologically, 
each sense-organ is a specialized area of dermal epithelium (except 
iierhaps in the case of the tongue, whose surface is originally 
Jiypoblastic). 

Epithelial eedla which lino pits or are otherwise placed 
in positions where tliey receive an abundant supply of 
nutrition {yland-celh) are usually highly meta- 
caiU. * bolic, and have the power of separating from 
their substance by some proc’ess as yet unknown 
certain enzymes or other derivative material which they 
extrudi!, dissolved in some of the more fluid parts of the 
ccll-conttmt. These secreting cells undergo a physical 
change during their condition of activity, altering in 
ap[M^aninco and reaction ; but as yet no intelligible physical 
explanation has been given of this process, or of the 
correlation wliich exists between the sj)ecific enzyme pro- 
duced by each gland anil the jihysiological necessity of 
the i^art of the organism in which the gland lies. Some- 
times single gland-cells occur in a continuous epithelium, 
as, for example, the mucus-secreting goblet-cells on the 
villi of the small intestines ; but, generally, gland-cells are 
arranged at the bottom of tubular pits for the convenience 
of nutrition and of the accumulation of the secretion. 
Tlic forms of the several kinds of glands depend on the 
degree of branching of these gland tubes. (On the struc- 
ture of glandular epithelium, sen; Langley, Joum, of 
r/ufuloL 1889; and Nicolaides, Ceniralblatt fur Phyt^tot. 
1889.) 

Nervous tissue is the recipient of all stimuli, the seat 
of all sensations, the starting-j)oint of all motor impulses, 
the regulator of vascular and other activities, 
controller of the processes of nutrition 
and secretion It is connected with every 
organ, and its terminations are distributed in almost 
every tissxie of tin* body. It is not to bci wondered at, 
thcjreforo, that its structure is of amazing complexity, or 
that our knowledgi* of it is as yet imperfect and frag- 
mentary. The morphological conception of the organ- 
ization of nervous tissue has undergone fundamental 
modifications in recent years, as the structure of its com- 
ponent form-elements has boc.ome better understood. The 
methods (jf staining introduced by Golgi and Weigert have 
reiulenid it evnlent that these elements are distinct from 
each other, and that their eomniunieations are indirect. 
The unit of structure which is called a neurons (Fig. -1) 
consists of three parts; — (1) A cell-body ot perikaryon^ 
containing a nucleus with a eomjilex karyoniiUm ; around 
this nucleus are other ehromophile elements called Nisei 
bodice^ capable of being stained by methylene blue, while 
the rest of the perikaryon consists of a twofold achromatic 
substance, a fibrillar or 8])ongioplasm-elenicnt, 8Ui>i>osed to 
bi! conductive, and a tundamental or trophoplasm-elcment, 
supiK)sed to b(' the seat of metabolic chemical changes. 
(•J) A single filament or starting from the ])enkaryon 
by a cone < if origin c( mtaining no chromatie elements. After 
a course of variable length this Ix'coines coated with a 
sheath of myelin, and ]iasHes, ofttm far afield, to its 
ultimate destination, terminating by branching into a 
short tuft of filaments which may be included in a muscle 
fibre or other end organ, or else may be in close proximity 
to, but not in conbiet with, the second order of processes, 
about to be described, of another perikaryon. On its 
way to its terminal tuft an axon may give off collateral 
filaments, which also may end in one or another of these 
ways. (3) From the other end of the perikaryon, usually 
from a part containing chromo])hile elements, there arises 
a series of one or more short, repeatedly-branching fila- 
ments, called dendrites^ which form an arborescent out- 
growth from tlu' nerve-cell, and are ndated to the terminal 
tufts of the axons of contiguous cells. At the ends of 


the dendrites are small enlargements called gemmules^ and 
sometimes sharp-pointed processes called ihorne. It has 
been supposed ^t the nerve currents in the dendrites are 
cellipetcd and in the axons cellifugal. The motor nerves 
are all axons of cells, and it has been supposed that the 
sensory fibres are elongated dendrites. 

The aggregations of neurones derived from the epiblast 
of the dorsal groove of the embryo make up the nervous 
centres. Other peripherally distributed neurones make 
up ganglia. In different parts of the nervous system the 
arrangement of the neurones varies in grades of com- 
plexity. In the simplest cases the dendrites carry the 



Fio 4 — Diugiaiii iUiiAtmiho of thp nnurfnin tlipory. Kaeh iipurone consiatu of 
{Mirlkaryun c, d, f), axon (/ </>, unci ilcndrltHH. A, Simple arc of two neu< 
n)noH, one liaving ita ilemlritc*H an Rensc.ry recipient tibrea in the akin (2), 
uiidiU axon emliiiK in branches fonning a synapaiH with the dendrites of the 
inotur cull(c), wIumh axon cmlH in the inuHcle lilire (8). B, Arc in which a 
ganglionic iiouiono (r/) is inturpoHisd betwi'en the actiHOry and the motor 
ueurutiOH. C, Are in which an additional or aMHOciutive neurone (r) ih inter, 
posed between the ganglionic and tiie motor ummmeM I), Arc in wiilcli the 
poiikaiyon of the sensory cell is in the recipient cpilhidiiim of a special sense 
oigsn (1) such as the retina. A ganglionic neurone (d) is interposed be- 
tween tlds and the motor neurone. E, a similar arc with an associated neu- 
rone between the gangiioiiic neurone and the motor. 

sensory impulse to the nerve-cell, wherein the wave of 
nerve force is in some unknown way reinforced, possibly 
by metabolic change in the trophoblast or the chromatic 
element, and is discharged as a motor impulse centrifu- 
gally along the axon to the muscle in which it ends, 
^me times the circuit consists of two neurones, one receiv- 
ing and transmitting the sensory stimulus by its axon to 
the vicinity of the dendrites of the cell whose axon goes 
to the muscle. Sometimes a third or even a fourth 
association-system of neurones may bo interposed between 
the tuft of the first axon and the dendrites of the last or 
motor cell. The method of relationship between the 
neurone networks is called eynapeis ; and there is reason 
to believe that the degree of approximation of the filar 
ments in thes^ is not always constant, but that sometimes 
the contiguity of some groups of processes may become 
close, while in other instances they may recede from each 
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oiiher, and thereby the conveyance of whatever influence 
travels from neurone to neurone may be accentuated or 
hindered. The details of these groupings and of nerve- 
endings will be considered in connexion with the splanch- 
nology of the nervous system. (For further particulars 
of the neurone theory, see Hochc, Die NeuronenUhre^ 
Berlin, 1899.) 

Bach bundle of processes which loaves the central masses of 
nerve-tissue in its course towards its peripheral termination is 
called a nerve. The courses of these nerves can be 
followed by dissection, but the modes in which they 
end can only be ascertained by methods of staining, section- 
cutting, and microscopical examination. Within the central masses 
of nerve-tissue the courses of the fibres are intricate and obscure, 
and method of staining and section give only imperfect ditferontial 
criteria whereby individual bundles may be traced. The two 
methods which are most instructive are those which may bo re- 
spectively called the experimental and the ombryological : — (1) 
When ail axon is detached from its cell it degenerates through all 
Its length to its terminal tuft ; so by dividing the axons coming 
from any group of cells their course, as distinguishod from other- 
wise arising axons, becomes apparent in a series of successive 
sections stained to show such as arc degenerated. (2) It is found 
by observation on developing nerves that some fibres acquire tlicir 
myelin sheath sooner than others ; so by making successive sections 
of an immature part, and staining the myelin slieath, any group 
of fibres already myelinated can ne difierentiated from those not 
as yet invested with this layer. 

Muscle is contractile tissue derived from the cells of 
the middle embryonic layer and consisting of elongated 
libre-like cells, whose reticulum is regularly dis- 
iime p^sed, and whose encliylema or trophoplasm is 
charged with myosin and other proteids. These 
protoplasm-elements are so organized that when the cell 
contracts its two extremities are approximated. The three 
varieties of muscle — uustriped, cardiac, and strifKid — as 
well as some of the views which are currently held respect- 
ing their minute structure have been referred to in vols. i. 
p. H.'jG and xii. p, 8 ; but as yet the real nature of its organiza- 
tion has not been made out, and it is not improbable that 
many of the appearances described byobst'rversare factitious, 
produced by the actions of reagents. The observations of 
lUm<')n y Cajol and van Qeliuchten have led them to 
njgard the fibre as consisting of a reticulum comparable 
With the cytomiton of a cell in whose interstices is an 
inter-reticular encliylema. Rollett, on the other hand, 
regards tlie reticulum as being composed of partitions of 
non-con tractile sarcoplasm around a series of contractile 
sarcostyles. Merkel and Engelmann believe; that the fibre 
(!onsists of alternating masses of two materials which differ 
in their optical properties. One of these is anisotropous, 
and this may possibly during contraction absorb, or during 
relaxation discharge, a fluid yielded to it by the isotropous 
band, altering thereby its width and surface tension. In 
view of the conflict of opinion new methods of research 
are required before any jiositive pronouncement can be 
made as to the ultimate histological analysis of the 
muscle fibre. (For discussions of these views, see van 
tlehuchtcn, Amit Auz, 1888-89 ; v. Kolliker, Gewebelehre^ 
1890; Rollott, Wieiier Sitzmufeber, 1889; Engelmann in 
Hemwmn'e Phyniolayy, i. 2; and M‘Dougall, Joum, of 
Anat Jan. 1898.) 

Whatever may be their intrinsic structure, the mode of grouping 
of striped or voluntary fibres is easily ascertained. They are 
Sfrucfiifw swrroimded by a fine areolar tissue, called e7idomy»ium, 
ot thm *** whicli the nutrient capillary vessels ramify and by 
mutch which they are united into bundles. Each 

* such fascicle of fibres is surrounded by an areolar sheath 
or perimysium. Groups of these bundles tiro united into larger 
masses, wliich are so arranged as to be capable of acting as motor 
units in the economy of the body. Each of these is invested with 
an areolar sheath, and is called a muscle. The ends of each 
muscular fibre are attached to the connective tissues with which 
they are in contact. In general, there is a filament of white 
flbnllar tissue firmly united to the end of each fibre, and the 
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collective masses of these filaments at the extremities of a miisclo 
are called its teniena. By these the muscle is tied to the j^iarts of 
the skeleton, from and on which it acts. Thu lengths of the 
fleshy fascicles of muscular tissue are proi>ortional to the mobility 
of the point of insertion, being just long enough to draw tliat part 
to the extreme of its possible excursion ; so, if the distance betineon 
origin and insertion exceed this, the tendons at either or both cuds 
are of sufficient length to occupy the remaining space. It must 
be remembered, however, that, embryonically, tendon and muscle 
arise independently, and that their connexion is secondary. 

Muscles are apt to degenerate from want of use. In extreme 
cases the contractile tissue vanishes, leaving its connective fiainc- 
work as a fibrous mass. This takes place by naiuial selection, as 
muscle is an expensive stiucture to maintain owing to the amount 
of nutrition it requires. On this account, also, the fleshy bellies of 
iimscles tend to mooine accumulated as near the base of BU])plirs 
as possible ; that is, as near the mam vesstd of the limb or the axis 
td‘ the body. 

The arrangoineiit of tlic fascicles is not the sumo in all muscles. 
Ill some they run in direct lines, from origin to insertion, as in t)ie 
rectus abdominis ; in others, such as the pectorals, they converge 
from a wide origin to a narrow insertion so as to concentrate their 
useful work in moving one point. Muscles of the former ffrou]> 
are called prismatic or bandiike ; those of the latter, triangular or 
pyramidal. In a third group the fibres pass obliquely from 
origin to insertion, so that their action is d({CO)ii]io.Hable into two 
components, one of approximation and one of translation, the rela- 
tive sizes of which de][^nd on the angle of the slant of the fibio 
with regard to the axis of this bone into which they are inserted. 
Owing to the exigencies of the formation of the skeleton most 
muscles belong to some species or other of this third class of 
rhomboidal mu8clc.s. A very common s]iccial case of this groufi is 
that oi pemiform muscles, in whnh a large number of shoit libren 
are attached obliquely to an elongated tendon, as the barbs of a 
feather are to its axis. By this formation the number of short 
fibres in a slender ximsolo can be greatly increased witliout its 
becoming unduly thickened at any point. There is a rertam small 
loss of useful work owing to the obliquity of the fibres, but this 
approximation-element is generally a negligible quantity, being 
only equal to the prodiiet of the force into the sine of tlic angle, 
which IS usually very small. 

One or more nerves or blood-vessels enter into each muscle. 
The }H)int of entrance is at that spot at which the imisele moves 
least on the contiguous stnudures, and is usually on ^ 
the aspect which is farthest from the surface, and, in 
the COSO of the vessels, nearest to the main artery of . 

the limb. The nerve on entering breaks up into 
branches in various ways, the exact pattern of division •"PPv* 
depending on the arrangement of the fibres in the muscle. (See 
Diase in Jourti of A nut. Get. 1S97.) TJltiniabdy, a nerve-twig 
passes into each miiseular fibre and terminates in an end })late. 
The proportion betw-een the imniber of nerve fibics entering a 
inuseie and that of muscle fibres is in the external rectus oculi 
1 : 8, in tho solous 1 : 350. In general, the nerve to each muscle 
comes from a single source, but in a few cases muscles are 
diploneural. Thus the brachialis anticus is supplied both by 
median and museiilo-sjnral nerves. 1'he double sup)jly generally 
indicates the fusion of two muscle gernns, which have originated 
independently. When Die area of origin of a muscle includes 
parts which are discontinuous or indei»endently movable, the 
portion arising from each siieli part remains partially separate 
from the rest, and the muscle becomes two-lieaded. This condi- 
tion may also occur from tho interjection of a vessel or nerve, or 
from tho synthesis of sefiarate segmental elements in the one 
muscle. In like manner, a double insertion may arise from the 
separate mobility of tho structures into which the muscle is in- 
serted. Some muscles present two or more successive fleshy bellieh’, 
and are called in consequence digastric or polygastrie. In such 
cases the several bellies have been separate morphological units, 
and have inde^iendcnt nerve-suppUes. 

Connective tissues are derived from the middle embry- 
onic lamella and make up more than two-thirds of the 
body, forming its framework and the siipjKirting 
skeleton of the more metabolic and physiologi- 
rally active elements of each organ. Every 
epithelial layer is ba.sed on a lamella of tliis tissue; eveiy 
muscular fibre is sheathed by a connective layer, and is 
attached to, or acts on, the connective tissues around its 
extremity. In this tissue there are tliree form-elements — 
(1) cells, which arc usually flatfish, often processed, rarely 
or never contractile, and consist of a distinct cell-wall and 
a companitively small amount of protoplasm ; (2) inter- 
cellular substance, copious in amount and traversed by 
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numerous lymph canals ; and (3) fibres, 'which may be of 
two kinds, either white, non-extensile, arranged in more or 
less wavy bundles of i)arallel fibres, or yellow, highly ex- 
tensile and resilient, arranged in frequently dividing and 
uniting bundles. 

There are many \arieties of connective tissue in the 
animal body (see i. and xii. 6). The typical form is 
that called ar^tolar ihaue (Fig. 3). This consists of ii’iegu- 
larly-irit(*rlac‘ed wavy bundles of white and yellow fibre's lu 
a copious ground-substanctj, through whicJi are scattered a 
number of flattish or branched cells. When immature the 
gniund-substance is continuous and abundant ; but in the 
adult it diminishes and becomes broken up by the forma- 
lion (d’ gaj)s or spaces, which give it a somewliat spongy 
texture, so that it can be inflated with air or infiltmted 
A\itli fluid. This tissue is almost universally diffused in 
tlie body, varying in texture in each part according to 
local requireiiieiiis. Under t*a<di layer of epitJielium it 
ffn’rns a dense, almf>8t structureless, ha^cimnt metahrmte. 
In some organs its meshes are numerous and fine, contain- 
ing entangled in them largo masses f>f wliit(5 lymph-cor- 
jniscles, wliich congregate and multiiily in these spaces. 
This form is known as (uhnoid tiasm. In some regions 
groujKS of connective tissue -cells are closely packed 
tcjgetlier, and their cell-contents become charged wdth oily 
or fatty material. Masses of this nature make up adq*om 
timm. In other cases the fibre eleiiieiits, either white or 
yellow, preponderate*. Tlie white fibrillar is the toughest 
tissue ill the body ; a thread of it, measuring 1 square milli- 
metre in section, bore without rupture a weight of 8940 
grammes, while a cord of yellow tissue broke* with a weight 
of 4040 grammes. Cartilage and hove are sixK*ial varieties 
of connective tissue. In the former the tissue makes solid 
masses, in which the cells, eitlier separate or in small 
clusters, are (‘inbcdded in a hyaline matrix of ground-sul>- 
stance with or without fibrous elements. In some inverte- 
brates and low’(*r vertebrates a form of cartilage exists 
which contains mucm instead of chondrogeu, recognized by 
its staining yellow with thionin. Boni*> is characterized by 
Bone calcification of its ground-substance, which 

becomes infiltrated with lime salts, wdiile for the 
most part the fibrt's and the branched connective corpuscles 
remain uncalcified (see vol. i, p, 852). The physical pro- 
perties of bone fit it in an eminent degree to form the 
skeleton of thi* animal boily. When its sj-X’cific giuvity, 
its breaking limit with hmsile strain, its crushing limit 
when subj’ccted to pressure, and its iiukIuIus of elasticity 
.'ire compared with those of other materials, this superiority 
becomes apparent, (See Lessliaft, Th^nret, Anat. Leipzig, 
1892.) 

In the following table the niimberK in the second and Uiird 
colmnus are the weights in (Kiuuds avoinlupois retmired to break 
or crush a square rod of the material 1 mm. in diameter. The 
modulus of elasticity is the weight in pounds which, if these sub- 
stances were j[)erlectly elastic, would he ret^uired to lengthen the 
square lod to twn o its original length. 'J’o comj)are these so as to 
determine the BkeleLoii-bmldmg suitability of each material, the 
number in each colnnm should be divided by the spociiic gravity of 
the material . — 


Huh^ttanec. 

1 sp. Gr, 

'JVnsile 

Cnishing. 

Kluht icity. 

Steel . . * 

, 7-816 


319 

46,300 

Wrouj^ht-iroii 

7'*iS8 

90 

48 

41,867 

Cast-iron . 

! 7'li07 

23 1 

ICO 

... 

Both* . . . 

l'S70 

26 

33 

.^201 

Oak ... 


11 

lOT) 

2,J2.'i 


The important factor that the skclelou mubt present a suriace of 
sufiicieut extent to give attachment to the muscles ot the body 
makes it necessary that the material of which it is made must be 
oi comparative lightno.ss. Bone is the most vascular form of con- 
nective tissue and the most active in nutritive changes. In 
general, oonneciive tisanes are low in vitality , their elements con- 


lain but little protoplum, and in consequence they easily aufleir 
necrosis. 

All fonns of connective tissue begin as an indifferent 
embryonic mesenchyma, whose subsequent differentiations 
are reactions due to the influence of environing cbemiMtty 
conditions, which are usually definite and recog- o/^onaeo- 
nizable. Hence the history of the connective 
tissues of the Ixidy forms an important chapter in dynamical 
ontogeny. The chemical relations of the different forms 
of connective tissue are generally characteristic. The 
white fibrils and ground-substance of areolar and white 
fibrillar tissue yield gelatine on boiling, cartilage yields 
chondrin, and yellow tissue consists of a substance which 
resists acetic acid and boiling water, and is named elastiu. 
The animal jwxrt of bone in most respects agrees with that 
of white fibrillar tissue. The process of ossification lias 
been described in vol. i. p. 855, where it is noted that it 
may take place either in cartilage or in membrane. This 
is an imyiortant consideration in the determination of bony 
homologies, for a bone which was originally cartilaginous 
is morphologically of a different order from one which 
started as a membrane. The reason is not far to seek. It 
is not that the processes differ intrinsically, but the early 
stages of the ancestral history recapitulated in its embryo- 
geny must be diverse as the embryonic tissue has become 
so diversely differentiated. The history of the progress of 
ossification has lieen greatly elucidated by the use of the 
libntgon rays, whereby the bony nuclei can be detected at 
their first formation, and their growth and union can lie 
traced in the living adolescent. 

Ill some cases in which large clefts occur in masses of 
areolar tissue the tissue forming the boundaries of such clefts 
consists mainly of flattish connective cells, which 
in some cases are close enough to simulate 
ment epithelium. Such a layer is (ialled en^the- 
hum to distinguish it from the true epithelium. This term, 
though etymologically objectionable, is in the main con- 
venient, and is in general 
use. These clelts are oi 
four kinds^joint cavities, 
bui\sm, sheaths of tendons, 
and serous cavities. Jn 
joint cavities the surfaces 
of the bone are covered 
with cartilage, and have 
no endothelial coating, but 
the ligamentous side-wall 
oi the joint is lined with 
' a syiecuilly smooth con- 
I nective layer, named syn- 
I ovial meinbmne (Fig. 5). 

On the surface there are 
ofttJii patches of endothe- 
lium, although never a 
continuous layer of such 
cells. Groups of endo- 
thelial wlls, however, are 
often clustered on fringes 
at tlie margin of tlie bones 
in these cavities, and these 
secrete a mucilaginous 
exudation culled synovia 
(vol. i. p. 833). Bwrsoi 
are clefts between planes 
of firm areolar or fibrillar tissues which glide on each other. 
These are also lined by synovial membrane, but never 
present a, continuous endothelium; indeed, in many bursse 
these are only represented on a few of the synovia-secreting 
processes. The same is true of the sheaths of tendons. 
Serems membranes form a separate category, for, while in 



Kia. 6. — Vertical section throu;;h knee- 
joint, vith the bones soniewlial drawn 
aiiarl, showinK the synovial cavity of tho 
Joint 0) And tlio bursa) (&) in its vicinity. 
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the higher vertebrso the coelom or body cavity which they 
line is formed by a splitting of the mesobkst, the comi)arar 
tive embryology of this cavity shows that originally in the 
most archaic vertebrates it was formed by the outgrowth 
of diverticula from the primitive gastrseal cavity. It is 
consequently possible to sustain the thesis that the apjMircnt 
delamination in the higher forms is due to the suj^erposi* 
tion of a series of processes of development which occur 
successively in the lower, but simultaneously in the higher 
vertebrate. Hence it is conceivable that the lining material 
of the coelom may be not an endothelium, but a true 
epithelium. The same may possibly be the case in the 
great blood-vessels. At the same time it must bo riv 
membered that it is not possible to draw hard-and-fast 
lines between the derivatives of the several germ layers, 
whose distinction the one from the other is not so definite 
as was once imagined. Serous membrane is always lined 
by a continuous layer of imvement cells, resembling pave- 
ment epithelium in almost every respect, and the same is 
the case with the blood and lymph vessels. 

Splanchnology. 

A mass made up of various tissues united so as collec- 
tively to discharge some special function is called an organ. 
IVoximately the human body consists of an assemblage of 
organs arranged in a definite manner, and the study of the 
structure of these organa and of their relative positions 
constitutes the subject-matter of Descriptive Anatomy. 
Organs may be classified xihysiologically according to their 
respective offices into seven groups— (1) those of 
juotoctiou and support (skeletal) ; (2) of motion 
(muscles) ; (3) of sensation, the seats of the reactions 
dependent on and related to sensation and psychic ])roccss 
(nervous) ; (4) those whereby food is taken in and assimi- 
lated (digestive) ; (5) those whereby the nutritive material 
is distributed to the tissues (circulating) ; (C) those whereby 
waste jiroducts are got rid of (eliminative) ; and (7) those 
by which reproduction takes place. Morphologically, 
organs may bo divided into two groups, according to their 
relation to the originally segmented constitution of the 
body. The human body, like that of all vertebrate 
animals, is made up of a chain of segments, each of which 
is more or less built on a common plan. The organs of 
the 1st, 2nd, 3rd, 5th, and some of those of the 6th group 
are segmental in original i)]an, although in the course of 
development this chamcteristic has become obscured. 
Those of the 4th and 7 th, and some of those of the 6th I 
group show no sign of ever having been segmented at any 
stage in their ontogeny. 

1. Organs of Protection and Support . — All the active 
tissues of the body are supported on a framework of con- 
nective tissues, or else are contained in spaces bounded by 
lainellai of these tissues, which thus constitute the skeleton 
of the organism. (The word skeleton is popularly limited 
to the bony framework, but, morphologically, all the con- 
nective tissues are equally parts of the vertebrate skeleton.) 
A layer of extremely condensed areolar tissue invests the 
whole body, forming the true skin, evitis or demde. This 
is truly skeletal, and in some lower vertebrates is the only 
tissue in which ossification occurs. Beneath this is a laxer 
layer, also of aroolar tissue, differing from the last chiefly 
in its lesser density, in its containing more or less fat in 
its meshes, and in its being traversed by vessels and 
nerves, which do not end in it as they do in the denser 
cutis which invests it. This layer is called superficial 
fascia, and, like the skin, it is continuous over the whole 
body. 

Beneath the superficial fascia there is in most parts of 
the body a firm, thin layer of white fibrillar tissue, which 
covers tiie muscles and is attached to those prominences 
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of bone which project beneath the skin. To this the name 
deep fascia is given. Piirtitions of this material dip in 
between groups of muscles, and are called intermusculdr 
septa. Other lamella3 form sheaths for vessels, iitTV(\s, 
and viscera. The deeper connective tissues lorming the 
main axis of the body, to which the name skeleton is 
commonly limited, aro composed of bone, cjirtilage, arir^ 
fibrous tissues, and are disposed segmon tally. They r<m 
sist (1) of the vertebral coliunn, and (2) of the skeletal 
walls of the two great tubes of which tlio vertebrate body 
is made up, the dorsal or neural, and the ventral or 
visceral. The walls of these tubes are united to the in- 
vesting layers of dee]) fascia by four longitudinal jmrti- 
tions — one mediodorsal, one medioventral, and two lateral 
— subdividing the body wall into four areas, two dorso- 
lateral and two ventrolateral. 

At their first appearance in the embryo the continuity and seg- 
mental arrangement ol tliese connective masses and partitions it. 
obvious ; but in their later LOiiditions, when parts of this skeletal 
ap{)aratu8 are transformed uito cartilage and none, though to some 
extent appearances of segmentation still persist, yet these are 
often of derivative origin, and do not coincide with the primary 
segmental divisions. For m the course of development the primary 
intersegmeutal clefts aro m part seen to iade and a ^ 
secondary series to a]>])ear ; tlioso, instead of coiix’id- 
ing, are for the most jiart alternate with them. This 
secondary segmentation occurs especially in the tissue around the 
notochord or unsegmented axial rod (vol. i p. t^30). Tins noto- 
chord is no part of the skeleton ; it was originally a canal, but in 
the absence of any animal which preserves this stmeture as such it 
is difficult to understand what was its original function (Fig. 6). 


Nulochonl. Epi blast. 



Fio 6.— Diagram constnirtod from se^^ral sections of the vertebral region 
of the embryo shark. Show Ing the forirmt lon of vcrtebi ul bodies (r & ) ai ound 
llio notochord, by the n^arrangement of the sclcroblasts or inner cells of 
the original pi otovei tebra, the lines of seginentatniii of these rearranged 
segments being altemnte with thobe of the original protovertebra, as shown 
between the muscle plates (m.p ) and cutis plates (cut ), from which the 
muscular system and dermis lire respectively developed. Tbo epiblast gives 
rise to the cutirle. Bet ween the umscle layer and the cults layer is Die 
segmented jiortiou of the co*lom. 

It })robably was an archaic form of alimentary canal, around which 
were disposed the segmented skeletal ami other tissues. Tlie con- 
nective tissues which surround it become the siiecessivo vertebral 
bodies, and their uniting fibrous discs, from the former of whicli 
the neural arches project doreally, and the costal or rib arches 
ventrally. 

To the description of the vertebral column in vol. i. p. 821 it 
is only necessary to add that the morphological relationships of 
the parts in successive vertebra) are not so simple Yertsbtw, 
as they a})poar at firet sight. Each vertebral body 
originates as two separate elements — one a pcnchordal ring, 
arising in two symmetrical parts, one on each side of the noto- 
chord, and a second or hyjiochordal arch coniiectcil with the 
bases of the neural and visceial arches, lying on the ventral side 
of the pcrichordal elements and on a level with the interval 
between contiguous perichordal rings. This liypochordal clement 
merges with the perichordal in all vertebral, except the firat 
cervical. In this it remains separate and ossifies as the anterior 
arch of the atlas, wdiilo the corresponding perichordal ring be- 
comes the odontoid ])rocoss of the axis. The successive vertebra 
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throughout the whole column consist of comrarable parte modi- 
hod in each region to suit the mechanical oonaition of the region. 
The most variable portion of each vertebra is the traneveree 
process, an outmrowUi from the base of the neural arch, which is 
usually multiple. It is not so much a morphological unit as a 
variably-arranged area for the attachment of oblique intervertebral 
muscles. In the cervical region it is tripartite— (1) its dorsal 
portion, existing as a mere roughness on the dorsal side of the 
articular mass lor iiniscular attaciiment ; (2) its ventral portion is 
fused with the rudimental costal process ; and (3) its intermediate 
part, which projects into the lateral septum, is joined at its lateral 
end to the ventral portion, bounding with it a nolo for the ascent 
of the vertebral artery. In the thoracic region the parts corre- 
H[H>u<ling to the 1st and 8rd of these elomonts unite into a single 
transverse ]>roceHH, while the ventral part is Hattoned into a costal 
articular facet, 'i'he ribs, which are detached extensions of these 
costal processes, do not really articulate with the bodies of the 
vertolu’iv, but in fcotal vertebroi it can bo seen that tlie entire rib 
ariirailation is on the neural side of the suture between the neural 
aicli and the ceiitriiin or body. Tlio three elements arc distinet 
in the Tith thoracic vertebra}. In the lumbar region tbo 
ventral part is, as in the cervical, inseparable from the costal 
element, making with it the process that is usually erruneouslv 
dcseiibod as the transverse process. The two others exist as rough 
spurs, called respectively tlio mammill.iry and accessary processes, 
'i l.c liuinan vertebral column in its earliest stage consists of thirty- 
eight vertebne. Of these the two hindmost vanish before chondri- 
fieation takes ])laco, and the four whicli precede these unite into 
an irregular mass, the last of the four pieces of the coccyx. 

Tlio apj)omlicular skeleton is described in vol. i. p. 838. The 
Tiiorpbological nature of the vertebrate limb is still a disputed 
isr t / point ; but tbo balance of evidence is in favour of 
® Iklfour’a theory, that each limb is the surviving part, 
anterior or posterior, of a lateral ridge, which originally 
extended along the siue of the vertebrate body, and each consists 
of material dciived fmm at lea.sL seven successive segments. 
Gegeiibaur, however, has made out a plausible cose for the 
hypothesis that the limbs aie modi hen tions of the processes 
or a gill arch, and Graham Korr has proposed to regard the 
limbs as donvoil from oxteiual gills (/Vw. Oanib. Philoaoph. Soc, 
1880). 

Tlie parts of the skeleton of the human fimhmh present certain 
characters which distinguish them from those of other mammals. 
The scapula is longitudinally elongated and transversely short, so 
that its maximum lireadth only e([uals about (1*70 of tne length. 
This “scapular imlex” is usually greater in the black races, and 
is liighei in tlie fietus than in the adult. The humerus in man 
exceeds the rmliiis in length as 1 :0*7, the numerical relation 
being known as the luimeio-iadial index. This also is larger in 
the jo\>er races. The liiinian thumb is perfectly opposable to the 
other digits us is tliat of no otlier vertebrate. There are normally 
eight bones in the liunian carpus, but embryonically a ninth 
or oa cckiirah is present m vestige, fusing at an early period 
with the scajiboid or semilunar, and only remaining distinct ns 
a raiv anomaly, although its rudiment is by no moans uncommon. 
The pisiloriii bone of the bumaii carpus is in all probability 
the reduced vestige of an ob.solet« sixth digit, and is not, as 
has been supjioscd, a sesamoid bnno. The hip-hone presents 
nviikedlv dillerent eluii actors in the two sexes, which can bo 
ree(»gni/od as early as tbo filth month of betal life. On account 
ol tliese diHeroneos tbo shajie of the cavity of the pelvis bounded 
by these bones is also distinctive, oven in the ftetus. In the 
males of the white races of mankind the sagittal (antero-posterior) 
length of tbo pi-lvis is, in average cases, to the coronal (tran8vci*so) 
length os 80 : 100 ; but in those of the black races it is related 
as 95 : 100. A slight dilforonco has been observed in the level of 
the articulation of the hip -bone with the saeral vertebne at 
dilfercnt {Hiriods of life, tlie tendency being for the former to rise 
to a liighor level as development advanees. In the earliest perioil 
of fretal life at which these elements can be distinguished the first 
sacral vertebra is not at all involved in the articulation ; but as 
age advances it gradually becomes included in the joint, and 
oet'asionally the twenty -iourtb vertebra becomes also on one or 
both sides direetiv articulated to tlie hip-bone, and correspondingly 
incorporated in the sacrum. 

Tlio fertivr constitutes usually about 0*275 of the individual 
stature ; but this proportion is not constant, as this bone forms a 
larger element in tlio statui'o of a tall than of a short man. Tho 
human femur presents also a concave |)Oplitoal surface, thus 
differing from that of Pithecanthropus, whose popliteal surface is 
eqiivex. In the bones of some rai*es the dorsal ridge of the thigh- 
bone (liiiea aspera) projects as n prominent crest causing the bone 
to appear “ pilastered,’* a condition the amount of which is in- 
dicated by the increased relative length of tho sagittal to the 
coronal diameter of the bone. Pilastering, though characteristic 
of lower and ]»rimitive races of man, is never found in tho anthro- 
poids. Tho upper third of the femur in some races is sagittally 


flattened, a condition which is called plaiyfMrUh Its degree ia 
indicated by the excess of the coronal over the sagittal diameter 
in this renon. 

The tima in most civilized races is triangular in the section of 
its shaft, but in many savage and prehistoric races it is two- 
edged. The condition is named and is indicated by 

the proportional excess of the sagittal over the coronal diameter. 
The fretal tibia has its head slightly bent backwards with regard 
to the shaft, a condition which usually disi^pears in the aoiult, 
but which is sliown by tho prehistoric tibiie found in the cave of 
Spy. In races that sqiiat on their heels the front margin of the 
lower end of the tibia is marked by a small articular facet for the 
neck of tho astragalus. 

The is a variable bone. In prehistoric and savage races 
its several surfaces are often deeply channelled. In fwtal life 
its lower ankle-swelling is smaller than the inner ankle of the 
tibia, but this relation becomes reversed in tho adult. Tlie 
human foot is plantigrade, the metatarsal bono of the great toe 
lifting nearly parallel to those of the other toes, unlike those of 
tho antbropoidn. Very often in tho adult tho second and third 
phalanges of the little toe are ankylusod together. This is no 
new thing nor is it uocossaiily a nroduct of civilization. Tho 
writer has found it thirty times in the feet of ancient Egyptians, 
and once in those of an aboriginal Australian. The inlerniembral 
relation of humerus and femur is important in physical anthro- 
pology, as are also the relative lengths of the femur and tibia. 

The varieties of cranial shape which are distinctive of tho diflerent 
races of mankind are due especially to the interaction of four 
factors — (1) brain Rue and shape ; (2) dental size and skuU 
degree of devolopmoiit of the muscle ut mastication ; (8) 
the sizes of the several sense organs ; and (4) the sizes and extents 
of certain muscular areas. Ine methods commonly in use for 
estimating these varieties are numerical indexes, which are the 
centesimal relations of certain iiieasiiremeuts. These are roti- 
▼enieut, although often fallacious. Thus, for exam]>le, brneby- 
cephaly or broad-headedness, indicated by the breadth being mora 
than *80 of the length, may be due to the survival of an infantile 
character, as in Negritos, or to a secondary increase in tbo width 
of tho hiiidor part of tho frontal cerebral lobes, as in tho Teutonio 
Europeans. Similarly dolichocepbaly (with the breadth *75, or 
under, of the length) may be duo to increased length of frontal and 

i iarietal ureas ol the bruin (indicated by increased preuiiricular 
on^h), or to diminution of the parietal width and imieased 
occipital length. Most other composite cranial measurements 
hitherto made arc equally faulty. 

The human skull is frequently the subject of deformation, duo 
to premature union of some of its sutures constraining its growth. 
Thus, if the two jiarietals unite in foetal life or infancy, tbo skull 
beeomes ftcaphocephoHCf as roprosontod in vol, i. p, 832, Fig. 14, 
Wlien tho union is of the coronal suture, tbo skull becomes short 
and high, or ihyraoeephuhe ; if tlie halves of the frontal unite 
before birth, it is wedge-shajied or irUjonoceplmlic, The vertebral 
theoiy of tbo skull has been discussed (vol. i p. 831), and is now 
definitely abandoned by all morphologists. On the other hand 
tho original segmentation of tbo cei>halic region lias been abund- 
antly demonstrated ; tho only dincreiico of opinion among 
observers has been in the estimation of tho number ot Hogmenta in 
the cephalic region of the primitive vertebrate. These segmonts, 
however, had lost their distinctness even before the cartilaginous 
cranium bad become developed, so that thore is no real segmental 
value in the elements of tins, still less in those of tlie bony skull. 
The only place in wliioh segmental elements can bo distinguished 
is in tlie occipital region, which is in structure transitional 
betw*ocn tho head and vertebral eoluiim. (For an excellent 
account of the human skull, in which the many new morpho- 
logical details due to recent investigation arc set forth, see Graf 
S|HM} in Bardeleben'a Jlanullnich dcr An at. i. 2.) 

To the account of tho joints and ligaments of tho liuman body 
in vol. i. p. 834, it need only bo added that ligaments are not 
all of the same morphological value. 3’ho capsules of jaintm 
most of tho joints are derived from the connective 
tissue which forms the circumference of the primary articular 
cleft in the embryo (vol. i. p. 838, Fig. 16) ; but the accessory or 
lateral ligaments are often of secondary formation, derived from 
displaced tendinous appendages to muscles or intermuscular septa, 
or they may even be the connective sheaths of muscles which 
have lost their fleshy substance. The function of ligaments is 
chiefly to supplement tho muscles in protecting joints. They aro 
generally weak where the muscles arc strong, and it is noteworthy 
that joints are more frequently dislocated at tho places where the 
muscles are feeblest, irrespective of the strength of tho ligaments. 
'I*lie menisci, whose formation lias been referred to and illustrated 
in vol. i. (p.J833, Fig. 17), are not always tlie simple survivals of an 
interjected layer of tho capsule ; in some cases, as in the triangular 
oartila^ between the ulna and carpus, the cartilage may contain 
a vestigial skeletal element, and tho same may be true of the 
stemo-clavicular cartilage. 
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IL Muicular Spstem (see vol. i. p. 834 sq.),—The volun- 
tary muscles of ihe body may be grouped in three series— 
those derived from the muscle plate of the protovertebras ; 
those originating in the somatopleure ; and those originat- 
ing in the nephromere or region of the segmental organs. 
The muscles arising in the splanchnopleure are the un- 
striped muscles of the viscera. 

From the muscle plates arise the axialmusclesof thedorsal 
series, including the deeper layers of the muscles of the back. 
The orbital muscles also originate from cephalic muscle 

! >]ates. In the trunk this series is trilaminar, including 
a) the longitudinal muscles of the spinal column, (6) the 
intermediate oblique series of somispinales and multifidi, 
and (c) the deep, short interspinal and rotator muscles, 
which stretch from vertebra to vertebra. All these are 
innervated by the dorsal branches of spinal nerves, and 
they are limited dorsally by the strong dorsal fascia, and 
ventrally by the lateral intermuscular septum. 

The somatopleural muscles originate in the body wall 
beyond the edge of the muscle plate. As it is from this 
structure that the limbs are outgrowths, these muscles 
may bo divided into two series — those of the trunk (ventro- 
axial), and those of the limb (appendicular). They arc 
all innervated from the ventral branches of the 8i)inal 
nerves and lie on the ventral side of the lateral septum. 
These muscles are divided into laminm. A suijerficial 
external oblique layer is continued in the thoracic region 
over the ribs, A second or internal oblique layer Ijecomes 
intercostal in the thorax. A third or transverse layer lies 
on the visceral side of the ribs. On either side of the 
medio-ventral lino these three layers are represented by a 
continuous mass, the rectus abdominis, from which, some- 
times, the pyramidalis is a superficial and partial dclamina- 
tion. Occasionally there is a superficial lamcdla attached 
to the skin — the panniculus, or skin muscle — which is only 
a delamination of the supriicial layer, as shown by its 
development and innervation. The limb muscles are con- 
tinuations of the supracostal stratum, modified by their 
connexions with the bony jmrts of the limb. They are 
throughout divisible into a dorsal and a ventral series, 
each of which is innervated by branches derived respe- 
tively from posterior and anterior divisions of the ventral 
trunks of the spinal nerves of the segments reiireseiited in 
the limbs. Those who hold the Gegenbaur or Graham 
Kerr hypothesis regard the multiple innervation of the 
limb as evidence of the secondary annexation of other 
nerves, in consequence of a gradual slipping backwards of 
the limb. These dorsal and ventral muscles of the limb 
are groupd into those attached to the limb girdle and 
those which extend to the first, second, or to the terminal 
elements of tlie limb ray. There is a certain general 
resemblance between the muscles of the two limbs as they 
arise from similar muscles-sheets ; but as in all land- 
animals the fore and hind limbs are of necessity different 
in their mechanical relations, the rdk of the fore and hind 
limbs being essentially different in quadrupdal progres- 
sion, these sheets from the first have undergone cleavage 
in differtmt ways. Therefore, it is not possible precisely 
to homologate the different muscles of one limb with 
their equivalents in the other. The innervation of these 
sheets of muscle, however, shows that around the shoulder 
or hip there are four groups, which may generally be called 
abductor, adductor, flexor, and extensor ; in those around 
the elbow as well as in those of the hand or foot there are 
three series, although two of these are confluent in the leg, 
where also the radial marginal group of muscles is absent. 
An imprtant difference is to be noted between the muscles 
of the hand and foot in the psition of the axis of move- 
ment of the digits. In the hand the short muscles are 
arranged ao as to adduct to, or to abduct from, an axis 
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passing down in the line of the middle finger, whereas in 
the foot the axis from and to which the muscles draw the 
toe passes down in the line of the second toe. 

The muscles which are derived from the nephromeric 
region, sometimes called hypaxial or hypskelctal musch's, 
are a few, small aberrant soraatoj)leural slijis which lie on 
the ventral face of the vertebral bodies and pedicles, such 
as the longus colli and others on the same horizon. They 
are innervated by branches from the ventral divisions of 
the segmental nerves. 

The muscjles of the human bcnly exhibit veiy many 
varieties, an exhaustive study of which is given in Le 
Doublets Variations du sysihne inuscidaire de Vhotmue^ 
1897. 

III. 7’Ac Nen)ous System, — Considerable advances in 
knowledge and some changes in intcqiretation have be<‘ii 
made since the writing of the remarks in vol. i. pp. 
858-884. The vertebrate body in its early embryonic 
stages is made up of a succession of segments, in each of 
which there is a segiutmtal nerv(‘ distributed to -the jiarts 
of the segment. In jirocoss of development irregularitic-s 
in the growth of tlie component elements oblitcuuh^ or 
obscure the definition of the primitive division ; but there 
is rciason to supposes that the nerve constituents are more 
I constant in arrangement, and furnish more accurate indi- 
cations of the original si'gmentations than do the other 
tissues or organs. In the luiad, where the tiaces of original 
segmentation arc practically oblitt'raled, (;wing to the 
rapidity with which change succeeds eliange in eai'ly 
embryogeny, almost our only guide to unravel the inoiiiho- 
logieal history is that furnished by the cranial niTves. 
The course of a typical segmental nerve is d(*scribed in 
voL i. p. 867. Such a nerve traced ciuitripetally resolves 
itself into two roots, a dorsal and a ventral, close to its 
place of connexion with the spinal cord. The fibrils 
making up the ventral root enter the spinal cord along 
its antero-lateral groove, are continued into tlie grey matter 
of the anterior liorn, and prove to be the axons of the 
largo branching cells of that horn. These neurones form the 
efferent or motor system whose terminal tufts art' enclo'^cd 
ill the fibres of the voluntary muscles and other struct iiics 
throughout the body. Some of the efferent axons of a 
spinal nerve end in tufts lieside the dendrites of uerv(*-cells 
clustered in small visceral ganglia, which are arraugccl in 
a chain on the ventral surfaces of the vertebral bodies. 
To these the name symjKitheik yanglia is given. The 
Bxoas of these cells are distributed to viscera and vessels. 
The fibres making up the dorsal root are in essence 
processes of exjlls wdiich form a series of ganglia close to 
the pstero-lateral groove of the cord. Each cell of these 
ganglia gives off a short process, which divides into two 
branches that diverge from each other nearly at right 
angles, like the component halves of the horizontal stroke 
of the letter T. One of these is the fibre wo have tiaced 
from the pripbery as the sensory element of the spinal 
nerve ; the other passes into the spinal cord, there to break 
up and to be connected synaptically with the neurones of 
other systems. The primordial aegmmitation of the verte- 
brate nervtius centres has become overlaid and masked by 
the development of groups of neurones, wlmdi conibine, 
co-ordinate, and otherwise infiueucci th(j redations of the 
segmental nerve-cells. This is true of the spinal cord, 
but much more so of tlie brain. 

As an account of the spinal cord has been given in vol. 
i. p. 865, it is only necessary hero to trace the courses of 
the compneut systems of neurones in terms of s ! i 
the prts of the cord there descrilicd (1) 

Around the dendrites of the large cells of the 
anterior horn are the end-tufts of axons, which can be 
traced up to the medulla oblongata. These collectively 
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form a thick white band, the crossed pyramidal tracts that 
lies on the lateral side of the dorsal horn. When it 
reaches the apex of tlie pyramid in the medulla oblongata 
tho com[)onent fibres cross to the opposite side, decussating 
with thosti of tho corresponding bundle of that side and 
ascending in the pyramid of the opposite side (vol. i. p, 870); 
then passing forwai’d through the pons, crus ('orebri, and 
through the middh* of the corpus striatum, they end in peri- 
karyons in the cerebral cortc'x. These cortical cellsare closely 
linked togethiT by numerous conmiissural and association 
neurones, to Vk 5 descril>ed hereafter, lly these fibres the 
cortex cerebri is brought into relation with the volunttiry 
muscles, th(jre Ixjing but two interruptions in the circuit. 
(2) Other axons, ending about the same group of anterior 
horn cells, pass across at once to the op])osite side of the 
spinal cord, and then ascend in the mesial part of the 
white tract bordering the ventral fissure. They run up in 
the ])yramid of their own side, and otherwise follow a 
course comjmrable with those of tho last set. These make 
the direct pyramidal tract (3) A wide curved band of 
white spinal cord substance stretches from the outside of 
tJie direct pyramidal tract outside, and in front of the 
ventral horn, as far as the edge f)f tlu' crossed pyramidal 
tract. This consists of the axons of shorter neurones, 
which begin in nerve-cells in the grey matter of the cord 
at different levels. Some of these axons cross in the 
anterior commissure to the opposite, side, while others pass 
down in this tract to end by syiia])sia with the dendrites 
of the cells of the ventral horn ; thus, although this ventro- 
lateral asHormfum tract is apparently a continuous mass, 
it is made up of shorter and more varied axons than the 
foregoing. These tlirce tracts agree in being descending 
tracts coming from ncrv(‘-ceJls on a higher level and in 
being connected with the ventral horn-cells by synapses, 
and thereby witli tho motor nerve roots arising from 
them. (4) Two groups of axons, mostly ascending, are 
closely related to these, and spring from tho cells of the 
lateral cell column of (Marke (vol. i. p. 866), whose den- 
drites arc contiguous with those of cells in the ventral 
part of the column. These axons form a thin layer on the 
lateral surface of the cord between the dorsal and \entral 
nt?rve roots, and they extend on thes same side into the 
restiform body of tlie medulla oblongata above, by which 
they ]mss into tluj cerebellum. By this cerebellar tract the 
neurones of the cerebellum are associated with the spinal 
nerve system ; and it has been inferred from experiment 
that these are eoiiiiected, in some way as yet unknown, 
with tho eo-ordiiiation of muscular actions. (5) From tho 
cells of the ganglia above descrilied, which form the seg- 
mental origins of tlie sensory fibres constituting the dorsal 
roots of the spinal nerves, we have already seen that 
T“sha})(;d proces.ses arise. The inner bmneh of each of 
these passes centripetally, and forms the link between the 
ganglion of tho root and the spinal cord. The continua- 
tions of these form almost all the white matter that lies 
internal to the dorsal roots. Most of these fibres run uji- 
wards, but some dc'seend to form synapses with dorsal 
horn-cells on a lower level. These send, as they jiass along, 
collateral branches into the grey matter of the dorsal horn 
to end around the nerve -cel Is there. Neurones of this 
grey matter in turn send axons, which terminate above in 
tufts about tlie cells of the posterior columns of the 
medulla oblongata, and these again send axons in the 
fillet of the crus cerebri, to end, after interruptions in the 
thalamus, in tufts about some of the smaller, deeper cells 
of the cerebral cortex. Thus tlie eflect of an efferent 
impulse, while for the most part propagated upwards, 
may be to some extent continued downwards, sometimes 
causing reflex action by affecting the region below it. By 
means of these bundles of fibres in tho cord, the segmental 


nerves are linked together and so controlled as to act as 
component parts of a functional whole (Fig. 7). 

spinal cord is essentially bilateral. In the embryo 
it is formed of the lateral thickenings of tho sides of the 
neural canal, and no ueuroblasts (embryonic nerve-cells) 
arise either in the ventral or dorsal median portion of the 
wall of tho canal Whatever fibres at a later stage cross 
from side to side are invasions from lateral structures. 

The medulla oblongata or bulb is developed from the 



Fia. 7 — BiaiJfram of the connexions of the motor and sensory nerves with the 
nerve cenlres 1, l)(*Hcendiiig axons from the perikHr>onB of tho motor 
centres in the cerebrum, decussating in the bulls and united synaptically 
to Uie motor neurones in the cord ; 2, axons which descend without de- 
cussating until they reach tho level of the motor neurones, then crossing on 
the anterior white coniiiusHure of tho cord ; 8, associallvo neurones ; 4, 
associative neurones connected with the corebellnm ; 5, ascending axons 
Ihiin sensory cel is, interrupted at the bulb ; b, ascending axons txicerobellutn, 
ondlug by synapsis with associative neuronos wliich connect cerebellum with 
corobnim (9); 7, optic fibres fVom neurones in retina to cxirnora quadri- 

g emina ; 8, optic fibres to Of'cipital region of cerebrum. OP, opni thalamus ; 
IR, crus cerebri ; 1)G, ganglion of dorsal root , MEN, sensory nerve. 

wall of that part of tho neural canal which formed the hinder 
cranial vesicle, and lies immediately within the Brmitt 
foramen magnum of the skull In it the dilated ^ 
neural canal forms tho fourth ventricle, which dorsally is for 
the most [mrt closed by a membrane, the superior medullaiy 
velum, as well as by the cerebellum. Through the medulla 
pass the ascending and descending axons of the various 
cerebro-spinal association systems. In it are also the seg- 
mental nuclei of the nerves of the series of nine hinder cranial 
segments, which have become secondarily grouped into the 
V.-XII. nerves of Human Anatomy. Tho cerebellmi (vol 
i. p. 871) lying on the dorsal side of the ventricle has 
originated % two lateral ingrowths derived from the 
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tissues on either side, which ultimately fuse in the medio- 
dorsal line. With the neurones of this body the cerebellar 
tracts of the cord and several other series of association 
fibres passing to the mid>brain and thalamus are connected. 
The mid'hraiuy lying in front of the bulb, is the thickened 
wall of the second cranial vesicle (Fig. 7, sylv.), which in 
man has contracted into a canal, the aqueduct of Sylvius, 
Its thickened floor is the pons Varolii, mostly made up of — 
(1) commissural cerebellar fibres crossing from side to side, 
traversed longitudinally by (2) bundles of the descending 
fibres of the pyramids passing between the cerebrum and 
the spinal cord. These longitudinal fibres pass forwards 
on each side from the hemisphere to the pons, forming a 
large part of the crura cerebri, (3) Between the bundles of 
fibres are many nerve-cells, with which some of these fibres 
are directly and synaptically connected. In the ventral floor 
of the canal in this region are tlie segmental nuclei of the 
third, fourth and part of the fifth nerve. The relations of 
the nerve roots to the cranial vesicles show that the latter 
are not primitive morphological features, but only secondary 
mouldings of the brain mass superinduced after the fusion 
of the original segments of the cephalic region. The guadru 
geminal bodies, which in the human brain form the dorsal 
wall of the second cranial vesicle, are condensations into 
one irregular mass of several organically distinct series of 
neurones and their processes connected directly or indirectly 
— (1) with ascending axons from the dorsal nx)ts of the 
spinal nerves, (2) with the wall of the anterior cranial 
vesicle, and (3) with the optic nerves. The original cavity 
of the fore-brain or anterior cranial vesicle becomes in the 
adult the third ventricle. Its side walls are thickened 
and form grey masses, the optic thalami Its roof is 
membranous and contains no neurones, forming the 
velum interpositum. Median pouches of this cavity 
project — (1) upwards and backwards, and (2) downwards 
and forwards. The former has at its end the pineal gland 
or epiphysis, the vestige of a median eye, which is 
functional in Sphentxlon and a tew other n'ptilea ; the 
latter, which is named the infundiliulum, projects towards 
the sella turcica or fossa above the body of the sjihenoid, 
and there thickens to form the posterior lobe of the hypo- 
physis OT pituitary body. This thalamic region is ajipar- 
ently related to the segment of the head which originally 
bore the eyes. The front of the fore-brain is a mcmbninous 
area, the lamina terminalis, 

Tlie imrt of the brain which lies above and in front of 
the thalamic region is the cerebrum (vol. i. p. H72), whose 
Cerebrum growth in the higher mammals has 

caused it to overlap and alter the relations of 
the neighbouring parts of the brain. Its structure presents 
many obscure and difficult points, especially in the higher 
mammalia. The cerebrum consists of two hemispheres, 
originally seiiarate from each other. These are at first 
hollow outgrowths from the upper, anterior, and lateral 
angle of the fore-brain, containing evagiuations of the third 
ventricle, which are called the lateral ventricles. These 
communicate with the parent ventricle by an aperture, 
the foramen of Mrmro, in front of which is the lamina 
terminalis. The composition of the wall of the cerebral 
hemisphere can only be understood by a careful compara- 
tive study of its ontology, traced from the lowest verte- 
brates to the highest mammals (Fig. 8). In the former 
this wall of the hemisphere on the medial aspect, in front of 
the lamina terminalis and above it, consists of — (1) a grey 
ar^a, the corpus paraternvhmlis. Above this a faint line of 
demarcation (sulcus limiians) maps out (2) a second area, 
the hippocampus, which in some lowly-organized mammals 
forms the entire of the remaining part of the medial wall 
of the hemisphere. On the outer wall above there is (3) 
a definite ai^ the pallium, very small in lower verte- 
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bratos, enormous in the higher mammals. This is limited 
below and laterally by a rhinal fissure, which marks off 
(4) the rhinancephalon, or smell area, that makiis up the rest 
of this wall. Above, the pallium extends U) the margin of 
the hemisphere, where it is conterminous with the hipjx). 
campus. The floor of the h€nuisj>here consists cf (5) a 
grey mass, the cofirpus striatum, in front of wdiich pnyi^ ts 
(6) a lobule, the olfactory hvXh and i)edic]c, the latter of 
which often extends backwards, s]»rcadiiig ar<iuri<l the 
corims striatum to touch the piratermiiiiil body and 
hippocampus on the inner side, and to form a pi/rform 
lobe on the outer side, 8ei:)arat.ed by the rhinal fissure Irom 
the pallium. All these j^arts in front of the rhinal fissuH‘ 
are included in the nam(» rhinencephalon. Between the 
two hemispheres, as they grow, commissural neurones arise 




Fio 8.— Scheme of the rnamiiiAlinn cerebral hnnilfiphern. A, Jjateral aspert. 
rh, rUlaal hflauro . ojf ir , oltacniry tract ; bvlb, ollactory bulb ; tvit. ol , 
olfacUnry tubercle It, Medial v h , vestigia hippocampi ,//t , hippo- 

campal flsHure ; /d., lascia tlciilata , / , fimbria ; l.p., pyriform lube ; parat,, 
paraterminal body , m., forauiun of Monro ; op., ollhctory peduuolu. 

and send their axons across in the substance of the lamina 
terminalis, linking together the hemispheres. These 
become grouj)od in two bundlcjs — one a dorsal commissure, 
the fornix or pmlterium, which joins together tlie two 
liippocampal areas, and which in higher forms consists of 
longitudinal as well as transverse fibres. The other is 
ventral, and its fibres cross the basal regiem and rhinen- 
cephalon, consisting among others of the commissural 
fibres of the pfillial area. In some animals a third eomuiis- 
suro, the commissu7'a aherrans, crosses the roof of the third 
ventricle behind the foramen of Monro (not to lie coii- 
fouiided with the commissura mollis of an adult human 
bruin). In such animals the roof of the third ventricle 
consists of the velum interpositum, a delicate epithelial 
layer attached on each side to the ventral lip of the 
paraterminal bodies. The lateral margins of this project 
into the foramen of Monro and constitute choroid xdexuses. 

S. 1. -- 51 
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ThcHe are, therefore, not parts of the wall of the hemisphere 
but of the fore-brain, and behind them is the aberrant 
commissure, which separates the choroid plexus from the 
membranous roof behind it (paraphysis)^ and lies at the 
caudal end of the |)aniterniinal body, l^hind the para- 
physifl is the commissure of the habenula in front of the 
pineal eye. 

The predominant characteristic of the brains of man 
and of the higlier mamnmls is the enormous overgrowth of 
Chmncter^ pallium, which consists of those neurones 
iBticMoi tliat govern the lower mechanisms and whose 
human functions are to initiate actions. Coincidentally 

hraia. growth, remarkable changes take place 

in the other areas of the cerebral surface. The hippo- 
camj)us becomes indented by the development of a 
longitudinal sulcus on its median asiH?ct, and is differen- 
tiated in structure from the surrounding jiarts by the 
forination within it of a compact layer of pyrnniidal ccdls. 
The bottom of this sulcus projects into the lateral ventricle, 
and there makes a swelling to which the name hippo- 
cam] lus is often limited, while the part containing the 
column ()f cells at the margin of the hippocampal area 
which still remains on the meilian surface of the hemi- 
syiliere close to the imratermiiial body is called fa&cm 
dentata, Thiise pyramidal cells are probably receptive 
cells connected with tlie olfactory nerve fibrils. The 
growth of the pallium towards the ymraterminal body 
pushes the hi])pi)camjm8 backwards and causes its anterior 
<‘nd to become rudimentary, a mere pre-commissural vestige 
of the part which in the reptile and amphibian made up 
almost the whole mesial and part of the lateral wall of the 
hemisphere. With this enormous growth of the governing 
mechanism of the pallium there is correlated a growing 
necessity for bilateral co-operation, and therefore an 
increased growth of commissural neurones. But the space 
through which the original pallial commissural axons (in 
the ventral commissure) jwiss is limited by the growth of 
the ganglionic masses of the corjius striatum and their 
ajiyiroximation to the thalamus (wall of the fore-brain). 
These new axons must therefore seek a new and more 
direct path, and they find this along the track occupied by 
the tibri‘8 of thi^ now much reduced dorsal commissure. 
This nowly - dcveloi)iTig pallial commissure or corpus 
callosum, which is peculiar to the eutherian brain, is quite 
distinct from the hiyipocampal dorsal commissure, whose 
place it to some extent takes, and which it exceeds in size 
in proportion to the jirodominanec of the pallium over 
the hipiiocampus. A portion of the paraterminal liody 
is intercepted between the corpus callosum and the 
fornix, bcicorning the seyitura lucidum (vol. i. p. 876), 
which is thus not pallial but paraterminal in its nature. 
A fissure wdiich mns from the margin of the olfactoiy bulb 
to the genu of the corpus callosum is the real boundary of 
the jiallium, and the band which borders this furrow above, 
the gyrus sul>(*allosus, is also a surviving i»art of the para- 
terminal body. The ventral commissure, which continues 
to carry the uniting axons of the pyriform tubercle and 
olfactory bulb, is separated in the human brain by the 
anterior commissure. From these the pallial fibres which 
accompanied them in the marsupials as the most dorsal 
band of the ventral commissure have in the eutheria 
followed in their increase a course of h^ast resistance and 
occupied the space vacaUul by the recession of the hippo- 
campi. This change is foreshadowed in the brains of 
diprotodont marsupials by the separation of this band of 
the anterior commissure from the rest and its passing to 
the pallium through the internal capsule, as if to relieve 
the tension of the area of the anterior commissure. 

The eon voliitioning of tho surface of the adult cerebral hemisphere 
has been described at length in vol. i. p. 873. These convolutions 


are folds produced by the enormous mrowth of tho my surface ot 
the pallium, and first appear about the fourth month of foetal life. 
Arnold and others have described a series of transitory fissures 
which they supposed to arise and to become obliterated before the 
growth of the permanent set, but these have been shown to be the 
result of accident and reagents by Hochstettor and Elliot Smith. 
(For further particulars conoeming the cerebrum see Cunningham, 
Tram, Hoyai Irish Acad, 1892, and the numerous papers m the 
Journal of Anatomy by Elliot Smith, 1898-1901. For the visceral 
nerves and their courses see Harman’s papers, Journal of Anal, 
1898, 1899, 1900. For views as to tho general constitution of a 
nerve see Gaskell, Joum, qf Physiol, 1886. For the distribution of 
sensory nerves see Head, Brain, 1893-94. The anatomy of the 
sense organa has been sufficiently treated in Ency, Bril, vol. i, p]). 
884-899. An excellent account of recent work on the subject is 
given by Schafer in Qvavi}^s Anal, iii. 1894.) 

IV. Organs of Assimilatum, — From appearances pre- 
sented in the early stages of the vertebrate embryo, it is 
probable that there were two preceding forms of alimentary 
canal which were functional at difierent periods in the 
archaic ancestry of the group before the evolution of the 
existing or hypoblastic digestive organs. Of the earlier 
a vestige remains in the central canal of the spinal cord ; 
of the second the notochord is possibly a trace. When the 
hypoblastic digestive canal becomes closed in, it has at 
first no communication with the outer surface, being closed 
both at the liead and tail ends ; but within the first few 
weeks of existence two suixjrlicial pits form, ono on 
the ventral side of the fore-brain region and one on the 
ventral side of tho tail. These, too, by the rupture of the 
membranes which separate them from the gut liccome 
respectively the mouth and the cloacal opening. The 
former of these pits is called the stomadoeum, and gives 
rise to the cheeks and lips, the alveolar arches, and the 
nasal passages. Jn it the palate arises as a horizontal 
partition, which grows from each side across its cavity, 
dividing the nasal from the oral cavity. Sometimes this 
partition fails to unite with its fellow in the middle line, 
giving rise to the malformation called cleft ])alate. The 
bottom part of the pouch of the stomodieum projects 
through the tissue which is forming the base of the skull, 
and fuses with the hyjiophysis to form tho pituitary body. 

The pharynx (see vol. vii. p. 222) is the part of the 
alimentary canal which li(\s in front of the continuous 
cceloniic cavity, having on each side of it the i^^uth 
remains of the primitive upper aortic arches, 
which in man have become the carotid arteries. It was 
in early embryonic life the region of visceral clefts like 
those which jicrsist in fishes, but these disappear in man, 
except the first, which remains as the outer ear passage 
and the Eustachian tube. The Ucih, doscril)ed in vol. vii. 
p. 232, are papilhe of the same order as those of the skin, 
only differentiated because they are more discrete, larger, 
and arise on the dermis covering the jaw arches. Investi- 
gators are not agreed as to tlui nature of heterodontism — 
some (Osborn and Co])e) teaching that the multituber- 
culate molar has originated from the development of 
secondary tubercles on an originally simple protocone. 
Others, like Eose, believe the compound teeth to arise 
from the fusion of several papillae. The balance of 
evidence is in favour of the latter view. Some mammals, 
such as the porpoise and other toothed whales, have but 
one dentition of homodont teeth ; these are all animals 
with long narrow jaws and simple dental papillae. In 
others, which are lieterodont, all the first set persist 
together with several premolars of a secondary set. In 
others tho milk set of teeth arc replaced; but the permanent 
molars, which are the latest part of the primary dentition, 
persist and are not replaced, as in man. Man is descended 
from mammals which had throe incisors on each side of 
each jaw, and three premolars. In all the primates, how- 
ever, the lateral incisor has aborted, leaving only two ; and 
likewise the hindmost of the premolars has generally 
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Tanished, although a rudimental tooth in this position has 
been described % Fraser as a not uncommon anomaly 
among black races (Proc. Comb, PhUos, Soc, 1900). In 
the lower races of mankind the teeth are large, and this 
can be measured by the comparison of the Icnj^h of the 
live molar teeth with that of the basicranial axis. The 
former is over 44 per cent, of the latter in the black race^ ; 
under 42 j)er cent, in the whites. The human soft palate 
has a mmla (vol. vii. p. 223), which is absent in most 
mammals. This pendant acts as a sentinel at the passage 
from the mouth to the pharynx, and is needed because of 
the upright position of man and because in him the 
glottis, or top of the air passage, is not prolonged up so as 
to project into the nasal region of the pharynx above the 
velum, as it is in the majority of animals. 

Ooncorning other parts of the digestive canal, further research 
on the a*8opnagus will be found in the papers of Birmingham, 
Joiimal of Anal, xxxiii. ]>, 10, and Strahl, Arch,/. Anal. u. Phya, 
1889. For the minute structure of the stoinacli, see Langley, 
Journal of Phyn. 1882, and Miiller, Verhandl, d. bio?. Fereint 
Stockholm, 1891-92 For a discussion on the position of the 
stomach, see Losshaft in Virchow's Archi% 1882. On the cieciini 
see Treves, llurUerian Lectures^ 1885. llecont descriptions of the 
structure of the villi of the small intestine will bo found in Panoth, 
Arch. f. mikrosp. AtuU. 1888 ; and on the study of the pancreas 
see Podrwyszotzky, Arch. f. mi1crost}t. Anai. 1882. The lobes of 
the liver and their embryonic relations have been described by 
Thomson, Joum. of Anal, xxxiii. p. 546 ; on the structure of the 
liver see Ketzius, Biol. Uhlcrsvch.f Stockholm, 1892, and Shore, 
Jonm. of Phymol. 1889. 

In the f(i*tal intestine the duct of the umbilical vesicle 
communicated with the region which becomes in the adult 
inteatiae pttrt of the small intestine. In 

* ‘ general it disappears completely, but occasionally 

the terminal jiart of the duct pt*rsists as a short blind tube 
which is called MeckeVs diverticulum. The diff(^^eutiatiou 
of the lower end of the alimentary canal as a large 
intestine b(‘gins in the lower vertebrates. That fiart 
which in the quadruped is lowest and uiost de] lending 
be(!ome8 distended by the accumulation of waste or fiecal 
materials, and when this differentiation is established, the 

beginning of the large gut 
is usually marked by the 
development of a blind 
])ouch or cfEciwi. In tla^ 
human embryo this is a 
tapering conical sac, but 
when, after the assumption 
of the ujiright jK)sition, the 
cajcum changes its jKisition 
and sinks down on the right 
side into the iliac fossa, the 
base of this becomes dis- 
tended and is called the 
ca3cum, while the originally 
fusiform extremity narrows 
and becomes the vermiform 
appendix (Fig. 9), often tbo 
seat of a painful and danger- 
ous inflammatory process — another of the penalties wc pay 
for the advantage of the upright position. 

A series of peculiar glandular masses in the body differ 
from the true secreting glands in having no separate 
ducts. It is generally believed tliat those i^ur 
their secretions directly into the blood, and it is 
certain that in most cases disease or ablation of 
these organs produces specific eflects on the composition of 
the blood and on local nutrition. These organs are (1) the 
tpleen (vol. i, p. 907), ivhoso essential structure (Fig. 10) 
consists of a mass of adenoid connective tissue, with a flbro- 
nmscular capsule, into whose meshes capillary and other 
blood-vessels open (a good description of its tissue is given 



Fio. 9 — Cjpcmn and vomiiform 
apiiciulix ol human intestine. 


by Klein, Quart. Joum. of Microa. Sr, 1875); (2) the 
thyroid body, which arises as a diverticulum from the 
fourth branchial cleft on each side and medially from 
the fundus of a pouch whose opening remains m vestige on 
the back of the 
tongue, as in the h -■ 
foramen ccBcum. It 
consists essentially 
of a number of 
closed follicles 
lined with epithe- 
lium, emliedded in 
a vascular connw;- 
tive- tissue matrix 
(see Baber, Phil. 

Trana. 1876 ; 

Biondi, Archiv. 

Ital. de Biol. 

1892). (3) Em- 

bedded in the thy- 
roid are the para- 
thyroid bodies, of 
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which there are two on each side, diffi'nng in the details of 
structure from the thyronl (-u^e Welsh, Jonm. tf Anat, 
xxxii. 292). (4) The thymus, tiansitory in man, i)iit per 

sisttmt ill other animals, is derived from a divej tuuluni of 
the third branchial cleft (see Watney, Phd. Tran^, 1882; 
and Symington, Jmivn. of Anat xxxii. 278). (5) The 

suprarenal bofly, placed above and on tin* inner side the 
kidney. (For its structure see Holiest on, and for the di‘veloi>- 
ment, Minot, JCm&ryology^ p. 485.) (6) The jnimfart/ body 
above the body of the sphenoid is formed pai t ly from tlie end 
of the infundibulum of the brain and partly liom thi‘ fundus 
of the stoniodaium. For its structure see Sciioueinanii in 
Virchow^s Archiv^ 1892. Other structures of the kind 
which are. rudimentary in man are (7) the carotid yl and ^ aud 
(8) the coccyyeal body. (Described by Lusclika, Virchow's 
Archiv^ 1860; Keichert's Archif\ 1862; and 8cha[KT, 
fckihultze's Archiv^ 1 892. S(*e also Arnold, Virchow’s Arch! v, 
1866.) The haemolymph yUimis which lie in tlie hilum of 
the kidni'y are also structures of this clas.s. (8ee 
Drummond, Joum. of Anat. 1900.) 

V. The vaecular system has been described in vol. i. 
]>. 899, and most additions to our knowledge have been 
in matters of detail. The develoimient of the heait Juis 
Inien revised by Born. The inori»hology of the venous 
system has Ixjcn carefully studied in detail by llochstcttcr 
{Anat. Am. 1887-88 ; Morpholoy. Jahrb. 1891). For the 
artt*rial system see KichhoJz in Jimrn. of Anat. 1895, 
and Mackay, Proc. Plulos. *SV)c. GlasyoH\ 1887. 

The histological elements of blood are described in vol. 
i. p. 845. It has since been shown that white corpuscles 
do not constitute a homogenc'ous category, but ^ 1 ^ 04 , 
under this name at least six diverse forms are 
present in healthy blood. The i»oint.s of difference are 
size, shaj)c, and disposition of nucleus; nature of cell 
reticulum; and comiiositiou of the oontaint*d granules 
as shown by their different reactions with staining media. 
The following are the chit;f varieties : — 


(1) About 70 per cent, of tho corpu.scles have polymorphic, many' 
lobed nuclfi wmeli often seem to break up into tlnee or lour 
distinct masses (hence these have been named jiolynv clear), 1 lie 
colls are moderately large and stain readily, the protoplasm 1 carting 
to acid stains while the granules are ncutrophile. (2) About 2 per 
ccn*^. of corpusi'lcs, similar to the last in most aspects, diHer by 
containing a peripheral stiatum of granules v\Inen stain deeply 
with eosin. (3) About 1 per ci-nt. are mononuclear, of much larger 
size, the single nucleus being large, oval, and excentric ; the proto- 
plasm 18 free from granules and weakly basophile. (4) About 4 pel 
cent, of the total are intermediate in characters between those of 
tho first and tim’d orders ; they arc smaller than the typicid mono- 
nuclear leucocytes, and have a bilobed nucleus which staius more 
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deeply than that of the last prroup. Noutrophile granules are 
sparingly present in the protoplasm. (5) A very small number 
(less than 0*«5 jmt rent.) are sharply marked off from the first order 
by poBseHsing intensely basophile granules unequal in size and 
irregular in distribution ; when acted on by certain stains they 
exhibit tints character] sti rally different fiom those which the same 
stains produce in other corpuscles. (6) Lyni])hocytes (about 23 
per cent ) are bodies quite distinct from any of the foregoing 
orders. They are small, about the size of red corpuscles, ana con- 
tain a largo round nucleus, marked as if made of ronoentric layers, 
and staining unifonnly. It is surrounded by a thin protoplasmic 
layer whoso rotirular slnicturo is easily brought out by basic stains. 
The disori til illation of tlicse various forms and their abnormal 
nindifieafioim is regarded as important in modern pathology (see 
Khrlieh-Tja/anis, jinmmie. Vienna, 1898, pt. 1.) 

VT. Mlimimitive Orgam, — The urinary and reproductive 
organs are inseparably united in man as in all vertebrates. 
Tiie former consist of the JddTieys and their ducts — the 
uretvrs^ tlic' nrimary bladder^ and the urethra. The latter, 
in the male, of the le^les^ vemmlm mminalef^y vam deformtia^ 
and tlie prostatic and anteprostatic glands. In the fenuile 
tlie organs are ovary ^ Fallopmn tuhe^ uterus^ and vagina^ 
and the several folds which Ixnind the vaginal ojiening. 
There is embryological evidence that tlie kidneys are 
specialized organs which have originated at a comparatively 
late period of vertebrate pbylogeny. In the elementary 
condition of urogenital organs found in segmented in- 
vertebrates the sex-gland is only a specialized area of the 
lining epithelium of the coelom (vol. xx. p. 408), and the 
sex-])ro(lucts, ova or spermatozoa, arising from the germinal 
epithelium are shed into the bo(ly cavity. A communica- 
tion between the body cavity and the surrounding medium 
exists in the form of a segmental tube or nephndium on 
each side of each segment. These are not only the channels 
of escape of the sex-products, but are also, in general, 
<‘Xcretory organs. In t)i(‘ earlier stages of the lower 
vertebrates the jirosenee of segmental nephridia can be 
demonstrated, one ])ortion, a head-kidney or pronephros, 
arising in some of the anterior segments, and a second, 
or mesonephros, in the segments at a level farther 
Imck. These segmental tubules open internally into the 
ccelom and outwardly into a lateral canal which runs 
longitudinally and ends ]>osteriorly by opening into the 
cloaca. The longitudimd tube connected with the 
jironcphros is known as the pronephric or Mullerian duct, 
that connected witli tlie mesoncjihros or Wolffian body is 
named the mesonephric or Wolffian duct. In man, as 
in all the amniota, there arises at an early jieriod of 
development a third group of nephndial tubules, the 
motanepliric, which by their aggregation make up the 
metanephros or kidney. That these are the result of a 
high degree of specialization is obvious from the fact that, 
while in the cases of the pronephros and mesonephros the 
ne]ihridia and the longitudinal ducts arise indeqiendently and 
unite after they have attained a considerable degree of 
development, in the metaiiephros the tubules are from 
the first offsets from the metanepliric duct or ureter, which 
itself arises as an offset from the mesonejihric duct. In 
man there is never any trace of a pronephros, but the 
])ronephnc duct is distinct. The mesonephric tubules 
rapidly lose all tmees of their secreting portions, and 
apjiear only as a vestigial structure, rudimentary in the 
female; but they become in the male 'sjiecialized as 
channels for the transniission of the sex-produets. The 
liidmys arc two bean-sliajied granular masses, firm in 
consistence and reddish-brown in colour, about inches 
long, and placed obliquely l^hind the other abdominal 
viscera — one on each side of the last thoracic and three 
upper lumbar vertebrte. Each is imjierfectly covered on 
its ventral surface by peritoneum, and is moulded to some 
extent by the viscera which press on it. Around them 
there is usually a considerable amount of fat and areolar 
tissue, by which as well as by the peritoneum and bv the 
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presence of the surrounding viscera, the kidneys are retained 
in their place. In rare cases the kidney may slip from its 
usual place in the loins to a lower position, and may even 
be movable in the abdominal cavity — ^a condition often pro* 
ductivc of serious consequences. The kidney in 
the foetus is lobulated, but the intervals between 
the lobes become smoothed out in later years of childhood. 
Each gland is invested by a firm, closely-adherent, fibrous 
capsule, under which is an imperfect lamina of unstriped 
muscle. The inner and ventral margin of each kidney is 
concave, and into this hilu/ni or concavity the renal artery 
from the aorta passes. Here also the renal vein escapes 
and joins the vena cava inferior. The ureter or meta- 
nephric duct, always behind and below the blood vessels, 
emerges here and passes backwards to the bladder. When 
the kidney is longitudinally divided from hilum to outer 
edge, the cut surface is seen to consist of two parts — an 
outer cortical layer, and an inner or medullary mass (Fig. 
11). The latter consists of a series of eight to sixteen 



Pio 11.— Vflrtinal soction through Uio kldnoy. A, branch of renal artery ; U, 
ureter. 1, cortical substance with cortical pyramids, and labyrinth sub- 
stance of tortuous tubes ; 2 and .3, modullary jjyramids of straight tubules ; 
4, tatty masses around blood* vesnelH (5) , 6, ])a])llla ; 7, pelvis. 

pyramids, whoso liases and sides arc invested with cortical 
matter and whose apices or {lapilhe project into the hilum, 
where they are severally surrounded by membranous tubes 
(calyces), which by their union make up the ureter. The 
part of the ureter situated in the hilum is dilated, and is 
named the pelvis of the kidney. 

In minute structure the kidney is the most complex 
gland in the body. Each of the papilhe consists of a large 
number of straight tubes which open by pores on its 
surface. When these are traced into the pyramid they 
are seen to divide several times, their fine end-branches 
projecting in little tufts into the cortical matter at tlie 
base of each pyramid. Here the branches coming from 
the tube change in structure and become convoluted in 
the cortex.- Next, each suddenly dips back again as a long 
straight loop into the pyramid, reaching nearly to the 
papillary region; then turning sharjily on itself, passes 
back straight to the cortex, where it again becomes con- 
voluted, ultimately ending by dilating into a flask-like 
bulb. The renal artery, after breaking up into branches 
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between the pyramids, ends in minute end-artcrics in the 
cortex. Each of these pierces into one of the Hasks just 
described, and there becomes branched, the blanches being { 
collected into a little ball or glomerulus which nearly fills 
the flask. From this an efterent vessel escapcis, which, 
joining with its neighbouring vessels of the same kind, 
nusikes a close network around the convoluted tubes, 
ultimately ending in the renal vein. It is supi^sod tliat 
the diflerent constituents of the urine an? eliminated in 
different parts of these tubes — some, especially the watery 
parts, in the flask, and some, es|>ecially the more solid 
constituents, in the convoluted tubular a]>panjitu8. A 
peculiar form of glandular epithelium lines the two 
convoluted areas of the tubes, and the lirnb o( the loop 
nearer the straight or collecting tubes. 

The ureter or du(jt of the kidney begins at the hilum 
and descends on the back wall of the alxlominal cavity to 
o]>en into the bladder. It is usually about 12 inches in 
length and as thic^k as a goose quill. At its termination 
it ^Misses obliquely through the coats ot the bladder, so 
that when the bladder is distended the lumen of its end is 
closed. The urmuuty bladder is a membranous bag lying 
in the pelvic cavity directly behind and abovcj the doiml 
surface of the pubes. In the fadus and infant, 
BMder however, the bladder lies in the abdomen, not in 
antbrm, pelvis. During life it is seldom distended so 

as to hold more than about 10 oz., but when the 
abdomen is ojioned it can be dilated to more than double 
tliat size. NMien distended it rises and is applied closely 



Pm 12 — Verti(*ul Mectiou ihrough polvis, Hhowinii; tirmary lilndder and rectum 
tn Situ. 1, peritoneum ; 2, jmbic HymphvKiM , 2, muacuiar coat ot 
bladder; 6, iiiucoua inenibmne U)ldc(l aiid wrinkled ; tj, u})enuiK of uielci ; 
8, proatate , 10, vona doraalis penis , 12, corpua sjioiigiosMiu ; 14, testm in 
iLm aac; bulboruivernosuH muacle ; IH, bulb, 17, sphimlna ot the 
aims , 22, anal oitening ; 80, coccyx , ", voaicula sciiimali.s 

against the back of the ventral abdominal wall. The 
bladder has a strong muscular investment of unstriped 
muscle in several layers, which are innervated by bmnehes 
from the sacral nerves. It has a peculiar epithelial lining 
of several strata, the suiiertic.ial cells of which are cubical 1 
when the sac is collapsed, but become flattened and scale- 
like when it is distended. The bladder is develojied from 
the ]>ortioii of tlie sac of the embryonic allantois, whicli is 
in contact with the cloaca The two ui'cters open by 
small oblique aportm*es into its base, closely behind the 
oixjning of the urethra. The urethra or excretory cliannel 
from the bladder is a narrow tube, 8| inches long in the 
male, whose walls are in apposition except when fluid is 


I passing along it. It begins at the lowest part of the 
bladder and for its first inch and quarter ])a.ssc ‘4 tlirongh 
the prostate gland and is directed vertically rlownwaids. 

1 The hinder wall of this portion is raised into a. ridge, the 
collkulm seminails, on wicli side of wljich tin sciuiiial 
ducts open. The second part is rnembianonr,, about 
^ inch in lengtli, and directed forwanls below the piiln's, 
where it is fixed by passing through the tiiangulai 
pubic ligament. The third y)art ls that whic*l) lies in Uk* 
penis, and it is sunounded below and laleiall> 1)\ an 
erectile envelopuig body, the an'inth spomnoyant untina 
This l)ody begins la*, hind in a thickening, tJje Imlb ot the 
urethi-a, and ends in the glaus pmis, which is iKn-loiatcil 
by the urtdhra. Above tlio uretliia in tins stage lie the 
two cor/jora catfemosa penis. The urethral orilicij is usually 
the narrowest part of the canal. The female uretlira is 
only li inch in length, and is conqiarable only with that 
part of the male urethra whicli cAtc*nds Ijom the bladder 
to the openings of tlu^ seiniiial ducts (I'lg. 12). 

YIl. Ilcproduciive ()n/(ni!t.~ In the human male tiiese 
are the testes and tlicir finds, the latter being thi^ uioditicd 
mesonephric or Woltiiau tulailcs and ducts fit the lietus 
In the female they consist of tlic o\aiics and tlie tubiilai 
system apjRtiidcd tf> them, wJncli aie formed from the 
modified Mullerian ducts. In (jach sex the tubular system 
W'hich is not functional is rejircscnted in ruilinici.t Doth 
ovary and testis are specializatifms of the aiea o\ geinnnal 
epithelium of the fcetal cti-loiii. In the onuy llic.se 
germinal cells become grouj>fHl in nuiiicious 
clusters, in the centre oi each ot which l-^ a 
cavity, the Oraafan vesicle^ containing a fcntral cell larger 
than the others, which is a prtmiitvt orum. i’!.ich of 
these is about ,-i(yth inch in diameter, atifl it lias Ih'cii 
conqiuted that there are aliout 30,000 in each o\ai} f)f 
a female child at biith. Thc-se Graafian vesicles are 
emliedded in a mass of connective tissue which is called 
the stroma of the ovary, the whole ovary kung a small oval 
body about inch long by about \ inch in thickness. 
The ovaries are placed one on each side in the jielvic cavik>, 
each within a told of peritoneum, called the bi oad liyainent. 
Close to each ovary lies the open and tiinged end of a 
duct, the FaVupian tube, wdnch is containefl in tlie upper 
edge of the broad ligaimnt and directed inw'aids tf> ojien 
into the uterus. This is a pyiiform organ lying in the 
middle of th€* ixjlvic cavity, liaving the bladtler on its 
ventral aspect, the rectum on its dorstil, and the two broad 
ligaments one on each side. Tlie uterus, w’lu‘n not f on- 
taming a feetus, is about 3 inches in lengtli, nearly 2 inches 
in breadth, and 1 inch in thickness It lia.s a very thick wall, 
mostly made up of unstriiied muscle, and a very small 
cavity which appears .soniewdiat triangular in vcrtu^l 
section. Its latenil Imsal angles are at the (qieriings 
whereby the Fallopian tubes coiiimunicatc witli it, and its 
apical inferior angle is at the neck or verruc uteri. This 
f'ervix projects into tlu' ujqier jxirt of the vagina, which 
is a membranous jmssiige that opens on the surface. 
Tile uterus and Fallopian tubes are modilications ot 
tlie Mullerian ducts and of the pait of the cloaca into 
which these ducts o}xin. The vagina and the folds w’liich 
surround its external opening are the mfiditications of llit 
urogenital sinus and it.^ marginal folds to be refened to 

1 U*low. 

The ova are during mature life j>eiiodically shed by 
rupture of the Clraafian follicles when these become ripe. 
Tiiese are received into the open mouths of the loill(»pian 
tubes, by wliich canals they are conducted into the uterus, 
where if fertilized they develop, but if not fertilized they 
are extruded. Before fertilization tiixch ovum uuilergoes a 
process of cell division by which it extrudes a portion of 
its nuclear substance and jiartii ularly a portion of its 
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cbromoBomes. Tlio act of fortilization consists in the 
reception by the ovum of certain nuclear masses, including 
chromoBomatic substance, which unites with the nuclear 
substance and chromosomes of the ovum to form a new 
complete nucleus. 

The teBtia or male sex gland is also developd from the 
germinal area of the ccelom. Nests of cells derived from 
the germinal epithelium become clustered and surrounded 
with a stroma of mesoblast into which the Wolffian tubules 
penetrate, ultimately becoming a tubular system, whose 
terminal roots enclose the cell nests as a lining 

* epithelium. When first formed the testes lie in 
the luml>ar region of the foetal abdomen above and 
internal to the kidneys, but from this site they begin to 
migmte about four months before birth. They reach the 
abdominal wall in the groin in two months, and there each 
passes through an oblique canal (the inguinal canal) in the 
muscular and fibrous wall of the abdomen and descends 
into the scrotum, which is a loose bag of skin formed by 
the lateral lips of the urogenital sinus (which long before 
tins period have united medially). This descent is gener- 
ally completed a month before birth. Along with the 
testis a tubular pouch of the serous lining of the abdomen 
is prolonged into the scrotum, which, when the descent is 
cornj)lete, becomes obliterated at the ])lace where it 
traverses tlio abdominal wall, though remaining below as 
an envelojxi of the testis. The region of the inguinal 
canal is always the weakest spot in the abdominal w'all, 
and it is along the triick of the descendcsd testis that those 
])rotrusions of the abdominal viscera, called are 

most liable to occur. As it is tlic assumption of the 
ujiright position which places tlie inguinal canal at the 
lowest part of the alidoinen, this tenrh-ncy to hernia is 
another of the penalties which man pays lor the advantages 
of a bipedal progrijssion. 

The t(*stis in the adult is machj up of a great mass of 
convoluted tubules arranged in alsmt 1300 lobules, and the 
whole iiiJiss is included in a tough fibrous tunic. The 
lining epithelium of these seminal tulies by a special 
method of cell division gives rise to the male elements or 
spermatf)Zoa, which arc minute thread-like bodies consisting 
of a small oval head, about ^ slender 

middle-piece nearly as long, and a hair-1 ike flagellum or 
tail tapering to a line point and measuring inch. 

The tubular system whcreliy these and the fluid in which 
tliey float are conveyed a>vay is derived from the Wolffian 
tubules, wliicli o|)en into the Wolffian duct, now called 
vas deferem. Owing to the new position assumed by the 
testis, this duct lias to ascend from the scrotum, to pass 
through the inguinal canal, and then to desc'cud into the 
])elvic cavity in order to gain the first part of the urethra, 
into wliich it opens. Close to the urethral extremity of 
each vas (h*fereus, and on its outer side is an irregularly 
pyriform poucli, the vmcvXa seniinalia^ to store the secretion 
from the testis. 

In early hetal life the terminal openings of all the 
excretory tubes — int(‘stinal, urinary, and genital — unite 
and reach the surface by a single slit-like orifice. This 
condition, which is persistent in the inonotremata and 
Dittennm lower verteVirates, is transitory in man and 
Hmtton of the liiglier mammals. W'hen first formed, the 
extemml hinder end of the gut, with its appended 
Mcx organs, allantois, has no external aperture, but at an 
early date in the embryonic history a i»it of the surface 
integument, which is named tlie prortodccurn, dips in on 
the ventral side of the vertebral column, and its bottom 
layer comes in contact with the gut close to its extreme 
blind end. Soon the membrane separating this pit from 
the gut ruptures, and the doom is formed. During the 
second month of foetal life a transverse ridge, formed by a 


downgrowth of the ventral wall of the lower end of the gut, 
shuts off the allantois from the intestine and divides the 
cloaca into a ventral or urogenital region^ and a dorsal or 
anal. By the third month this partition has thickened 
into a definite band of integument which is called the 
perinamn. The urogenital sinus is a slit-like space into 
which open the allantois, the Wolffian and Mullerian ducts 
and the ureters. At the ventral end of its aperture an 
eminence, the tuhercxdvni genitale, rises, deeply grooved on 
its dorsal surface ; and from the lower edge of each lip of 
the groove a marginal vestihulan ridge descends on each 
aide of the opening of the sinus to unite with its fellow 
at its dorsal extremity. On each side, external to this 
vestibular ridge, the skin at the margin of the urogenital 
sinus forms a prominent lip, making the opening api)ear 
as a longitudinal fissure. So far the process of develop- 
ment is identical in the two sexes, but at this point 
differentiation occurs. In the female the tuberculum 
genitale becomes the clitoris, and the vestibular and 
marginal folds respectively the labia majora and minora. 
In the male the vestibular folds unite in the median line, 
except at their ventral extremity, thus closing in the canal 
which forms the second and third parts of the urethra, and 
in the combined under-wall thus constituted erectile tissue 
develops, forming the corpus spongiosum urethra) above 
described. The terminal ventral opening becomes the 
meatus urinarius. The two cutaneous outer lips also fuse 
together medially, making the scrotum. The bilateral 
tuberculum genitale becomes by the development of 
erectile tissue the corpora cavernosa penis. In each sex 
the tubular system which does not become functional 
leaves vestiges which discharge no function. In the female 
the Wolffian tubules remain as a senes of linear streaks 
in the substance of the broad ligament, th(i ejwophoron. 
In the male the Mullerian ducts leave two vestiges, a 
minute saccule appended to the top of the testis, and a 
minute pouch, the sinus pocvlaris^ in the colliculus 
seminalis of the urethra. This latter corresponds to the 
cavity of the uterus in the female, a correspondence which 
is rendercid more striking as this pouch and the adjoin- 
ing portion of the urethra are surrounded by a mass of 
unstriped muscle, with some gland tubes included in it, to 
which the name is given. This organ is about 

the size and shape of a chestnut. 

Vamability of the Human Body, 

No two human bodies are alike in their organization, 
and there is no organ in the body which is not liable to 
vary, Some parts, however, are especially liable to 
abnormalities, more especially those which have the most 
complicated developmental history, those which derive 
their origin from more than one component, which })ass 
through several stages and are late in arriving at their full 
development. Of those organs which occur in series, the 
terminal members are more variable than the intermediate. 
Organs do not vary indifferently in every direction ; there 
are some conceivable forms of variety which never occur, 
others which are common. Nor can variations bo reduced 
to a continuous series. Some of them are sudden breaks, 
between which and the normal no intermediate links are 
known. 

Most varieties are individualistic, depending on condi- 
tions of nutrition or environing circumstances aftecting 
development. A few, such as the development of a third 
incisor or third premolar, seem to be atavistic, but atavism 
has been invoked in many cases to which it does not apply. 
The vascnilar system is the most, and the nervous the least, 
variable. The muscular and skeletal systems occupy inter- 
mediate positions. I'he literature of anomalies is very 
large. The general subject is dealt with in the Robert 
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BoyU Leet%vre^ Oxford, 1894; soe alao Monster {Ency. 
Brit vol. xvL p. 762) and Bateson, Materuds for ^ 
Study of VaruUwn, •1895. 

History of Awstomy ^ — ^To the detailed history given in vol. i. pp. 
799 et BeqoUt it is only necessary to add that recent rehearcbos on 
the early nistory of anatomy will bo found in the several articles 
entitled ** Arcbieologia Anatomica” in the Journal of Anatomy for 
1898, 1899, and 1900. (a. ma) 

Anatomy of Plants. 

The term “Anatomy,” ori^nally employed in biological 
science to denote a description of the facts of structure 
revealed on cutting up an organism, whether with or with- 
out the aid of lenses for the purpose of magnification, is re- 
stricted in the present article, in accordance with a common 
modem use, to those facts of internal structure not con- 
cerned with the constitution of the individual cell^ the struc- 
tural unit of which the plant is composed. For a description 
of the cell itself, the article Cytology must be consultod. 
In all but the very simplest forms the plant-body is built 
up of a number of these cells, associated in more or less 
definite ways. In the higher (more coni])Hcated) forms 
the cells differ very much among themselves, and the l)ody 
is composed of definite systems of these units, each system 
with its t>wn characteristic structure, depending partly on 
the characters of the component ccdls and partly on the 
method of association. Such a system is called a tissue- 
systeniy the word tissue being employed for any collection 
of cells with common structural, developmental, or func- 
tional characters to which it may be conv(mieutly applied, 
'fhe word is derived from the geileral ro.si‘mblance in the 
texture of plant substance to that of a textile fabric, and 
<late8 from a jHiriod when the fundamental constitution of 
this substance from individual cells was not yet discovered. 
The study of tissues is known as Histology^ and it is wnth 
this that the present article is necessarily mainly concerned. 
The method of treatment will be evolutional y ; that is to 
say, an endeavour will bo made to trace the', gradual steps 
through which the more complicated tissue-systems of the 
various groups of plants have been developed from sira]de 
cell-collections, during that descent of the more complicated 
from the simpler plants which constitutes the fundamental 
postulate of the comparative study of form in modern 
biology. The terms morjfiology and uiorp/iologicnl will be 
used throughout wherever such comparative consideration 
with this evolutionary iinj>lication is involved. It must bi 
understood, however, that the evolution of form is invariably 
governed by the vital needs of the organism, so that a con- 
sideration of the vital relations of the plant to its surround- 
ings, and of the actions and functional relations of its organs 
and tissues, is an indispensable condition of the construction 
of a real and intelligible morphology. In this way our 
outline of nuyrpliological anatomy will involve an outline 
of physiological anatomy. 

It will easily be realized that since the plant-body con- 
sists entirely of tissues, through which all its functions are 
performed, an account of the evolution of plant-tisvsues is 
nearly equivalent to an account of the evolution of plants. 
Our task will be simplified, how^ever, by the omiasion of 
direct reference to the tissues of the sj^cializod reproductive 
organs, for which the reader is referred to the artieJes on 
the different groups of plants. Even so it must be 
apparent that in the present article nothing but the barest 
sketch of the subject, in which much is left out and many 
topics are treated dogmatically, is at all ix)ssible. The 
articles Botany (Ency,Brit, vol. iv. pp. 85-93, and 99-108), 
and Histology, Vegetable (vol. xii.), give good general 
accounts of the nature of vegetable tissues, |»articular]y in 
the flowering plants, and in the former are many figures, 
for the most part admirable, illustrating histological 
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structure, which the reader may consult with advantage. 
Much of the terminology and some of the descriptions are, 
it is true, out of date, a result that must always soon occur 
in a very rapidly advancing branch of science, as plant 
anatomy was twenty years ago. The morphological point 
of view, as sketched above, has been fully applied to plimt- 
tissues only in very recent years, so that in an article of 
earlier date it is only natural that the provisional nat ure 
of descriptive termirndogy should Ixjcome vitv apjiavent 
after the lapse of a few yeai s. 

An account of the structure of plants natunilly lK‘gins 
with the cell^ which is the proximate unit of oigunic 
structure. The cell is essentially an individualized mass 
of protoplasm containing a dilfei cmtiated protoplasmic 
body, called a nucleus. But all cells w'hich are permanent 
tissue-elements of the plant-body possess, in Edition, a 
more or less rigid limiting membrane or cell-wall^ consist- 
ing primarily of cellulose or some allied substance. It is 
the cell-walls which connect the ilifferent cells of a tissue, 
and it is u;>on their characters (thickness, sculpture, and 
constitution) that the qualities of the tissue largely de^ituid. 
In many cases, indeed, after tlic completion of the cell wall 
(which is secriitcd by the living cdl-bfid)) the protojdasm 
dies, and a tissue in which this lias occiirn^d consists solely 
of the dead framew^ork of cell -walls, enclosing in the 
cavities or lundna originally occupu‘d ]»y the pioloplasm 
simply water or air. In such cases tlu' charaeteis of the 
adult tissue clearly depend solely upon the characters of 
the cell-walls, and it is usual in plant anatomy to speak 
of the wall wdth its enclosed cavity as “the cell,*’ and 
the contained protojilasm or other substances, if present, 
as cell-contents. This is in accordance with the original 
use of the term “cell,” which w'as applied in the 17tli 
century to the cavities of plant-tissues on the analogy of 
the cells of homiycomb. The use of the term to mean the 
individualized nucleated mass of living ])rotot>l{ism, which, 
whether with or without a limiting membrane, forms jirimi- 
tively the jnoximate histological element of the body of 
every organism, dates from the second quarter ot the 19th 
century. We proceed to a systematic account of the 
anatomy of the dittererit groups ot plants, beginning WMtIi 
the simplest, and passing to the more complicated foiiiis. 

ThAilinphyta, 

The sim}>]est members of both the Algte and the Fungi 
(f^v ), tJie two divisions of the Thillophyta^ the lowest of 
the four great grou]>s into which the plant- kingdom is 
divided, have their bodies eacli composed of a single cell. 
In the Algie such a cell consists essiuitially of — (1 ) a mass 
of protoplasm provided w ith (2) a nucleus ; and (3) an 
assimihiting a[)}>aratus consisting of a coloured [»roto[ilafeinic 
body, called a chroimfoyhort^ the pigment of which in the 
pure green forms is chlorophyll, and which may then bo 
called a chlorophtst. The whole is coveied by the cell- 
iiiembraue (Fig. 1 A). It is from such a living and assimi- 
lating cell, performing as it does all the vital functions of 
a green plant, that, according to current theory, all the 
different cell-forms of a higher plant have been diftcren- 
tiatcxl in the course of desciuit. 

Among the Grcrn Algie the cliHcrentiation of cells is conq>ara 
tively slight. Many forms, e\ eii when multicellular, have all their 
cells identical in structure and function, and are oiten 
spoken of as “ physiologically uiiicollular. ” The cells gggg^g ^gf^ 
are commonly joined end to end in simple or branched fgfgagggggoig 
iilaiu'.nts. Such ditierentiatiou as exists in t he higher gg j^gggg, 
typos mainly takes two directions. In the Hxed fonns, 
the roll or colls which attach the plant to the substratum 
have a jieculiar foim, containing less chlomphyll, ainl constituting 
a rudimentary fixing organ or rhisoid (Fig. I C). In certain types 
living on dam|!> soil, therhizoids penetrate tlu* substratum, and in 
addition to fixing tho plant absorb food substances (dissolved 
salts) from the substratum {(Kdocladium^ Fig. 1 I>). 
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I'lli. 1.~-£XAM1‘U£H 01< TUS DtKFKKKNUAriUM OF TlHSUK IK FlAKIB. 

A, Coll (fiKlJvidujil) of the unicclluliir Oroen Al^a Pleurocncnis. as an 
ovaniple of un iindifleront lalod aut^mtmioiis iwsiiniluUng coll i>r., Cell i»roto. 
plasm; nuolous, rhl , ohloio]ilast; <■ k , c«dl-wall 

IJ, Flunt of tin* primUIvu HiiiIioiiooiim (Jreon Alga ProMphnv hotniottfen, 
'llie liilniltive coll hoikIm ooloiiilesa tiibolets (rhi/oidn, rh.) into the tnml on 
which It grows The Htibaorial part 1h tubular oi cjvoid, and contaiim th« 
ohloroi»laKt (Wil ) Thero are soveml nuclei 
C, JJas« of the inultJcollulur fllaTnentous Green Alga Chtvtomorplw (rrca 
The ba'»al coll has less chlorophyll than the othoiH, and i« expanded and fixed 
firmly to the rock on whuh the plant giuua by the basal surface, rh., thus 
forming a rudimentary ihuoid. 

1), Fait ot branched lllumeutous thalluH of the mnltn’ulluhir Green Alga 
(Ftfodadium proton^tna. n or,. Green axis cioeping on the Hurfauool damp 
noil , rh,, colourless rhi/.«iidH ]M'no1 rating the soil ; a«o. (ix , as( ending axes of 
green ccIIm. 

K, \ ertical section of frond of the complicated SiphoneouH Green Alga 
JfiUimftia Tliu Bulistanee of the lioiul Is made up by a single mnehduanelied 
tube, with Interwoven branches vmd med., Ijongitudiiially running com* 
piraM\ely eoloiiiless eeiitral (medullary) hranehes, \ihlch conduct focal sub- 
Htanees and siippoit the car ) green assimilaling eoitical branches, which 
ai-e the pimIh of bianclieH from the medulla and lit tightly together, forming 
the continuous suiface ot the ])lunt 

F, HocUon through the surface tiSMUo of the Brown Alga Vvtlena mvltifida, 
ehowmg the Hurfaou layer of aBsiinilutIng cells densclv packed with phveo- 
pi iMls. The liiyers below have progressively fewer of Uiese, the central cells 
being quite colourless. 

(i, Hcction showing thick-walled cells of cortex in Brown Alga (sei- 
weed) Mimplo pits (;).) enable conduction to take place readily from one to 
uiiolhor 

1 1 , Two a(l)acent cells (lcptoids)of a food-coiiducting strand in Fueus(a Brown 
seaweed) The wall bet\\ orn themls perforated, giving passage to coarse strands 
ol pruioidtism 

1, Knil ol In droid of the thalloid Liverwort PdUavicinia, showing the thick 
ligniflod wall pomdruted by simple pits. 

.1, Und of hyiiroid of the Moss Mnium, showing particularly thin ohlicjue 
end-wall No pits 

K, Optical soot ion of two adjacent leptoids of the Moss Pvlutruhum juni’- 
Ttfnn um. Tlio lopiuids an* living and nucleated They bulge in the iimghfsmi- 
loKsl of the very tlun cioss-wall Note resemblance* to II and It 

li, Optical section ot cel] ot conducting parenchyma in the same moss. 
Em bedded in the piY>toplaHiM are a numbci of starch grains. 

M, Fart td elongiitt^l steimd of n Moss Note thick walls and oblique slit- 
like pits, with opposite iiicpiiation on the two sides of the cell. 

X, One side of end of hydioid (tracheal) of FteriduphyUs, with sealaiifurm 
pits. 

O, Optical section of two adjacent leptoids (sieve tube segincntil) of Fteri- 
dopliyto, with sio\e plates (s, y»/ ) on oblhiue end-wall and side-walls. 

F. Part of spiral liydroid (bracheul) ol I'lianerogain 
Q, Three segmonts of a “pitted ” ^essel of Fhanerogam. 

It, Optical section of loptoid (sieve-tube segment) of Fhanerogam, with tuo 
profcpid (companion) cells s. pi , sieve-iilate 
8, Optical section of port ot tliick-walh'd steroid of Fhanerogam, with 
almost obliterated cavity and narrow slit bkn oblique pits. 

1’, Fart of vortical section through blade of typical loaf of I’haneroi^tn. 
u f , Upiwr epidermal cells, with (<) culleir, (?> ) assimilating (palisade) cells 
8p , Assiimlaling (spongy) colls, with large Incunu* 1 1 ., Lower (^idnrmis, with 
$t .stoma. 

XT, Absoi bing cell, with process (root -liair) from pdlferous layer of root of 
Phanerogam. 

V Eiiduderrnnl cell of Fhanerogam, with subenzeil central band on ra«linl 
and truusierse walls. 


OF PLANTS 

The second t^ne of diiforentiation is that between supporting 
axis and assimilating ap^iendagos. The cells of the axis are 
commonly stouter and have much loss chlorophyll than those 
of the appendages. This difFerontiation is jiarallol with that 
between stem and loaf of the higher plant. In the group of 
the Siphoueoe both those types of differentiation may exist 
111 the single, long, branched, tube -like, and multinucleate 
coll which Here forms the plant-body. ProtosipJion (Fig. 1 li) 
is an oxamx)]o parallel with (Kdodadium ; Bryojpm, with Jlrapar- 
naldia» In Caulerpa the imitation of a higher plant by the 
differentiation of fixing, supporting, and assimilating organs 
(root, stem, and loaf) from aitforont branches of the single cell 
IS strikingly complete. In the Siphonoous family of Uudiaceos 
(Mg. 1 K) tne branches of the primitive coll become considerably 
intorwoven one w ith anothei , so that a dense tissue-like structure 
is often produced. In this we get a further differentiation be- 
tween the contra! tubes (branches of the nrimitivo cell), wduch run 
j in a longitudinal direction through the body, possess little or no 
' chlorophyll, and no doubt servo to conduct food substances from 
I one region to another, and the poriiihcral ones, which are directed 
I jierpendioularly to the surface of the body, ending blindly there, 

I contain abundant chlorophyll, and arc the assiniilatiug organs. 

None of the existing Red Seaweeds has a unicellular body. The 
thalluH in all cases consists of a branched filament of cells placed 
I end to end, as in many of tho (ireen Algaj. Each branch grows 
simply by tho transverse division of its apical cell. Tho branches 
I may bo quite free or they may bo united laterally to form a solid 
, body of more or less firm and compact consistency. This may 
I have a radial stom-liko organization, a central cell-thread giving otf 
* from every side a number of short somotimos unicellular biancTiOb, 

‘ which together form a cortex round the central thread, the whole 
structure having a cylindrical form which only hraiichns when 
one of tho shoit cell-branches from tho central tliiead grows on f 
beyond tho general surface and forms in its tuiu a now' central 
j thread, from whose cells arise now short branches. Or the 
I tliallus may have a Icaf-like form, the branches from the central 
threads which form the midrib growing out mainly in one plane 
and forming a lamina, extended right and loft of the midrib. 
Numerous variations and modifications of those forms exist. In 
any case, whilo the internal threads which boar tho cortical 
branches consist of elongated colls with few chroma to phoros, and 
no doubt serve mainly lor conduction of food substances, the 
siiiierficidl cells of tho blanches thenisolvos are packed with 
I chromatoidiores and form the chief assimilating tissue of the 
1 plant. In tho bulky forms colourless blanches frequently grow 
out from sumo of tnc cortical cells, and, pushing among the 
already-fonned thioails in a longitudinal direction, serve to 
sf lengthen the thallus by weaving its oiiginal threads together. 
The cells belonging to tiny given thiead may bo rocognizecl at an 
early stage of growth, because each cell is connected with its 
neighbours belonging to tho same thread by two depressions or 
pits, one at each end. The common wall separating tho pits of 
the two adjoining cells is pierced by strands of protoplasm. The 
whole structure, consisting of the two pits and tho W'all bctw’eeii, 
is known as a tjfnctic jut. Other pits, connecting colls not be- 
longing to tlio same branch, arc, however, formed at a later stage. 

Many ol the lower forms of Blown Scaw'oeds have a thallus 
consisting of simple or branched cell threads, as in the green and 
rod forms. The lateral union of tlio branches to form a solid 
thallus is not, hownvor, so (*0111111011, nor is it carried to so liigh a 
pitch of elaboiation as in the Rhodophycoie. In a few of tho low'cr 
forms (Sphucelariacoa*), and in the liiglior forms which jiossess a 
solid thallus often of very large size, the iilant-body is no longer 
formed entirely of branobod cell threads, but consists of what is 
called a tiue parencliymatous tissue, a solid mass of colls, that is 
to say, formeti by coll division in all directions of space. In tho 
Laminariacew this tissue is formed by cell division at wlut is 
called an mtrrcalary grotmvg pomt, i,c.^ a meristematic (cell- 
dividiug) region occupying the whole of a certain zone of tho 
thallus, and cutting on new cells to add to the pormanoat tissuo 
on both sides. In the Fuoaceie, on tho other hand, there is a 
single ]irismatic apical cell situated at the bottom of a groove at 
the glowing apex ol the thallus, which cuts off colls from its 
sides to add to the peripheral, and from its base to add to 
tho central permanent cmls. Tho whole of the tissue of tho 
plant is formed by the division of tliis ajiical coll. In what- 
ever way tho tissues are originally formed, however, tho mam 
featuies of tlioir diifcrentiation are tho same. According to a 
law' which applies also to tho green and red forms, the sujierficial 
cells are packed with (diromatoidiores and form the assimilating 
tissue, in those brmvn types with bodies of considerable thick- 
ness (Larnitiariacose and Fucacea*) there is, however, a further 
difierontiation of tho internal tissues. The cells immediate!} 
subjacent to’ the superficial assimilating layer form a colourless, 
or nearly colourless, parenchymatous cortex, which acts as a 
food storage tissue, and surrounds a central medulla of elongated 
conducting colls. The latter are often swollen at the oiids, so 
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that the croM-wall aenarating two suooewiye cells has a larger 
jiiir&ce than if the cells were of uniform width along their entire 
length. Cells of this t^pe are offcen called trumpet^hyphoe, and in 
.some genera of Laminariacess those at the periphery of the medulla 
simulate the sieve-iubea of the higher plants m a striking degree, 
•even developing the peculiar substance callose on or in the per- 
forated cross -walls or sieve -plates. A si^ecialized conducting 
tissue of this kind, used mainly for transmitting organic nitro- 
genous substances, is always developed in plants where the 
region of assimilative activity is local in the plant-brjdy. This 
is the case in the Fucaces, and in a very marked degree in the 
Laminariacess in question, where the assimilative frond is borne 
.at the end of a long supporting and conducting atipe. The tissue 
•developed to meet the demands for conduction in such cases 
always shows some of the characters described. It is known as 
each constituent cell being a leptoid. In addition to tlie 
•coll types described, it is a very common occurrence in these 
bulky forms for rhizoid-like branches of the colls to grow out 
mostly from the colls at the periphery of the medulla, and grow 
•clown between the cells, strengthening the whole tissue, as in the 
Khodophycetc. This process may result in a considerable thick- 
ening of the thallus. In many Laminariaceie the thallus also 
grows regularly in thickness by division of its surface layer, 
which thus forms a aecondary merUtem, 

The simpler Fungi, like the simpler Green Algflc, consist of 
.single cells or simple or branched cell threads, but among the 
_ higher kinds a massive body is often formed, |>articu- 

diSanMm connexion with the formation of spores, and 

ilMilMala exhibit considerable tissue -diircrontiatioii. 

A characteristic feature of the fungal vegetative plant- 
body (tnyeeliuin) is its formation ironi independent 
•ooeiiocytio tubes or coll threads. Tho«e branch, and may be 
packed or interwoven to form a very solid structure ; but each 
grows in length indeuendeutly of the others and retains its own 
individuality, thougii its growth in those typos with a detimte 
external form is of course correlated witli that of its neighbours, 
and 18 subject to the law*8 governing the general fonii of the body. 
Such ail independent comocytic branch or <'c11 thread is called a 
hypha. Similar modes of growth occur among the Siphoueous 
gieen and also among the rod seaweeds. A solid fungal body 
may usually be soon to consist of separate hyplue, but in some 
cases those are so bent and closely interwoven that an ap])oarattco 
like that of ordinary parenchymatous tissue is obtained in section, 
the structure being cal led pseudoparenehyma. By the formation of 
numerous cross-walls the resemblance to |)arenchyma is increased. 
The aur/aeedayer of the body mtho massive Fungi differs in char- 
•acter according to its function, which is not constant throughout 
the class, as in the Algae, because of the very various conditions 
•of life to which different Fungi are ox])OHed. In nianv forms its 
hyphte are particularly thick-w ailed, and may strikingly resemble 
the o])idennis of a vascular plant. This is esjiecially the case in 
the lichens (symbiotic organisms comjfiosod of a fungal mycelium 
111 association with ulgad cells), which are usually exjxised to 
very severe fluctuations in external conditions. l!he formation 
•of a massive body naturally involves the localization of the 
•absorptive region, and the function of absorption (which in the 
simpler forms is carried out by the whole of the vegetative part of 
the mycelium penetrating a solid or immersed in a liquid sub- 
stratum) is subserved by tiie outgrowth of the hyphn) of the sur- 
face-layer of that region into rhizouiSf w'hich, like those of the Algie 
living on soil, resemble the root-liairs of the higher plants. The 
internal tiaaue of the body of the solid higher i^’uiigi, iiarticularly 
the elongated stalks {atipea) of the fructifications of tlie Agarics, 
-consists of hypliae running in a longitudinal direction, winch no 
•doubt serve for the conduction of plastic food substances, just as 
•do the ** trum]iet-byphai,” similar in appearance, though not in 
origin, of the higher brown seaweeds. (In one genus {iMCtarxua) 
“luilk-tubes,” recalling the laticiferous tubes of many vascular 
plants, are found.) These elongated hyphie arc frequently thick- 
walled, and in some cases form a central strand, which serves to 
resist longitudinal pulling strains. Tliis is particularly marked 
in certain licliens of shrubby habit. The internal tissues, eitlicr 
consisting of obvious liyphflB or of pscii<loparenchyma, may also 
servo as a storehouse of plastic food substances. 

Looking back over the progress of form and tissue- 
differentiation in the Tballophyta, we find that, starting 
from the simplest unicellular forms with no external differ- 
entiation of the body, we can trace an increase in complexity 
of organization everywhere determined by the principles 
■of the division of physiological labour and of the adapta- 
tion of the organism to the needs of its enviromnent. In 
the first place there is a differentiation of fixing organs, 
which in forms living on a soft nutrient substratum 
jpenetrate it and become absorbing organs. Secondly, in 


the Algae, which build up their own food from inorganic 
materi^s, we have a differentiation of supporting axes from 
assimilating appendages, and as the body increases in size 
and becomes a solid mass of cells or intt'rwoveu threads, 
a corres}>onding differentiation of a superticial aasimilative 
system from the deep-lying jiarta. In both Algse and 
Fungi the latter are primarily supiKirting anil food-con- 
ducting, and in some bulky Brown Seawewls where assimi- 
lation is strongly localized some ot the deep cells are 
highly specializi^ for the latter function. In the higher 
forms a storage and a meclianically-strengtlK'iiuig syst(*m 
may also be developed, and in some aerial I uiigi an external 
protective tissue. The “ liyjdial ” mode of growth, *.e., the 
formation of the tliallus, whatever its external form, by 
branched, continuous or sepUite, coenocytic tulxis (Siphonem 
and Fungi), or by simple or branched cell threads, in both 
cases growing mainly or entirely at the ajjex of each 
brancl^ is almost universal in the group, the cxcejitions 
being mot with almost entirely among the higher brown 
seaweeds, in which is found jMirenchyma produced by the 
segmentation of an apical cell of the whole shoc>t, or by 
cell division in some other typo of meristem. 

Bryophyia, 

The Bryoph3rta, the first group of mainly terrestrial 
plants, exhibit considerably moie advanced tissue differ- 
entiation, in response to the greater complexity in the 
conditions of life on land. But the lowest Ilepaticse have 
an extremely simple vegetative stnicture, little more 
advanced than that found in some of tlie higher Green 
Algae and very much simpler than in the large red and 
brown seaweeds. The thallus, however, always consists of 
true imrenchyma, and is entirely formed by the cutting off 
of segments from an apical cell. 

A BUfliciont description of th« thallus of the Liver-worts, tf.gr., 
Fegatella, will be found in the article Muscikejc [Ency. Bnl. vol. 
xvu.). We may note the universal occurrence on the Uvar^ 
lower surface of tlie thallus of fixing and absorbing worta, 
rhizoids in accordance with the terrestrial life on 
soil (tf/. Oidocladium among the Green Algce). The Marchantiaceie 
(see article MuserKEiE) show cuiisiderable tissue-ditlercntiation, 
possessing a distinct assimilative system of cells, consisting of 
branrheri cell tlireads packed with chloroplasts and arising from 
the basal cells of large cavities in the upper part of the tnalluh. 
These cavities are completely roofed by a layer of ccll.s ; in the 
centre of the roof is a })uro surrounded by a ring of special cells. 
The whole arrangement has a strong re.scinblance to the lacuine, 
mesophyll and stomata, uhich torm the assunilativc and tran- 
spiring (wator-evajKirating) apparatus in the leaves of flowering 

J uants. Thu froudose (thalloid) Jungermanniacoie show no such 
lilferentiation of an assimilating tissue, though the iip[>er cells 
of the thallus usually have more chlurojdiyll than the rest. In 
three genera — PalUtmcima^ Eyviphyogyna^ and 
there are one or mure strands or bundles consisting of long thick- 
walled fibre-hkecoll8,pointedattheondsandruiiniiiLdongitudinally 
through the thick midrib. The walls of these cells are strongly 
lignitied (i.tf., consist of woody substance) and are irregularly but 
thickly studded with simple pits (sec CvTOLoriY), which are 
usually arranged lusjurals running round the cells, and arc often 
elongated in the direction of the spiral (Fig. 1 1). These cells 
are not living in the adult state though they sometimes contain 
the disorganized remains of proto])lasiTi. I'liere is little doubt 
that their function is to conduct water through the thallus, the 
assimilating jiarts of which are in these forms often raised above 
the soil and comparatively remote from the rhizoid-hearing (wati i - 
absorbing) region. Such differentiated w’ater-eonductiiig colls we 
I call hydroids^ the tissue they form hydrottu I'he sporogoniuin of 
the hverworts is in the simpler forms simply a sjwre-capsule 
with arrangements for the devolo]inieiit, protection, and distri- 
bution of the spores. As such it falls outside the scheme of this 
article, but in one small and jieculiar grouj> of those plants, the 
AnJthocaroiexRy a distinct assimilating and transpiring system is 
found in the wall of the very long cylindrical capsule, clearly 
enabling the sporogonium to he largely iiulepciidont of the supply 
of elaborated organic food from the thallus of the mother plant 
(thegaractophyte). A richly chlorophvllous tissue with numerous 
intercellular si>aces communicates with the exterior by stomata, 
strikingly similar to those of the vascular plants (see below). If 
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tlio axis of such a sporogonium were prolonged downwards into 
the soil to form a fixing and absorptive root, the whole structure 
would become a physiologically independent plant, exhibiting lu 
many though by no means all res})ects the leading features of 
the aporwhyte or ordinary vegetative and spore>boaring individual 
in Pteridopnytes and Phanerogams. These facts have led to the 
theory, plausible in many respects, of the origin of this sporophyle 
by descent from an Anthoeeros-like s(K)rogonium (see Ptew- 
ik)phyta). The facts, however, give us no w*arrant for asserting 
homology {i.e. identity by descent) between the tissues of an 
Anthoceroteaii spurogouium and those of the sporophyte in the 
higher plants. 

In the Mosses the ])lant-body (gametophyte) is always separable 
into a radially organized, supporting and conducting axis (stem) 
Moma, ^ assimilating, and transpiring apiiendages 

(leaves). [For the histology of tno comjiaratively 
simple but in many respects alierrant ilog-mosscs (Spliagnacete), 
see AIitscinkas, £lnnj. BriL vol. xvii,] Ine stems of the other 
mosses resemble one another in their mam histological features. 
In a few cases there is a s}>ocial surface or epidermal layer, but 
usually all the outer layers of the btem are corniiOHed of brown, 
(hick-w'allod, ligniiied, prosonchymatous, fibre-like cells forming a 
peripheral atncom (mechanical or supporting tissue) which forms 
the outer cortex. This passes gradually into the thinner-walled 
I larenchyma of the inucr cortex. The wfiolo of the cortex, stereom 
and parenchyma alike, is commonly living and its cells often 
(‘ontain stare li. The centre of the stem in the forms living on 
soil is occuj)ied by a .strand of narrow cdongated hydroids, which 
tlifler fiom tho.so of ilie liverworts in being thin-w^alied, iinligmfiod, 
and \ ery seldom ]utted. The liydrom strand has in most cases no 
(‘onnexioii with the leaves, but runs straight up the stem and 
Hjneads out below the sexual organs or the foot of tiio sjKtrogoniiim. 
It has been show’n that it conducts water W'ltli considerahlo 
rapidity. In the stalk of the s{U)rogomum there is a similar 
strand, whudi is of course not in direct connexion with, but 
continues the conduction of w'ater from, the strand of the gameto- 
]ihytic axis. In the aquatic, semiuquatic, and xeroidiilous type.s, 
whole the whole surface of the [ilant absorbs W’ator, perpetually 
in the first tw'o cases and during rain in the lust, the nydrom 
strand is either much reduced or altogether absent. In accord- 
ance with the general pnnci])]o already indicated, it is only wlicre 
ab.sorptum is rocalize(f(i.c., wdiere the plant lives on soil from 
winch it absorbs its main supply of water by moans of its basal 
rhizoids) that a wator-couductmg (hydrom) strand is deve]o|)ed. 
The leaves of most mosses are flat plates, each consisting of a 
single layer of square or oblong assimilating (chlorophyllous) 
cells. In many cases the ceils bordering the leaf are produceii 
into teeth, ana very frequently they are thick- w^allcd so as to 
form a 8U])poriing run. The centre of the loaf is often (Kjcujued 
by a vi'iUnb consisting of several layers of cells. These are 
elongated in the direction of the length of the leaf, are always 
I*uor ill chloroj»hyll and form a channel for conducting the 
products of assimilation away from the leaf into the stem. This 
IS the first indication of a conducting foliar strand or leaf bundle 
and forms an approach to leptoni, though it is nut so specialized 
as the leptoni of the higher Plneopliycoie. A.ssociatcd with the 
conducting paroiioliyma are frequently lound hydroids identical in 
character with those of the central strand ot the stem, and no 
doubt serving to conduct water to or from the leaf according as 
the latter is aiding as a transpiring or water-absorbing organ. 
In a few cases the nydrom strand is eontiniied into the cortex of 
the stem as a leaflrncc bundle (the anatomically demonstrahlo 
teaxe of the leaf in the stem). This in several cases runs vertically 
downwards for some distance in the outer cortex, and ends 
blindly — the low'or end ortho whole of the trace being band-shaped 
or star-shaped so as to present a large surface for the absorption of 
water from the adjacent cortical cells. In othorcases the trace passes 
inwanls and joins the central hydrom strand, so that a coiiiioctcd 
w^ater-condiicting system between stem and leaf is established. 

In the highest family of mosses, Polytricdiaceie, the dilTerentia- 
tion of conducting tissue roaches a decidedly higher level. In 
addition to the water-conducting tissue or hydrom there is a well- 
devolo}»ed tissue infoiTed to be aeonducting channel for nitrogenous 
substances or leptom^ not indeed so highly ditrerontiatod as in. the 
most advanced Lamiuariaceas but showing some of the characters 
of sieve -tubes with great distinctness. Each leptoid is an 
elongated living cell w'lth nucleus and a thin layer of protoplasm 
lining the wall. The whole cavity of the cell is sometimes stuffed 
with protcid contents. The end of the coll is slightly swollen, 
fitting on to the similar swollen end of the next Icptoid of the row 
exactly after the fashion of a trinn pet-hypha. The end-wall is 
usually very thin, and the protoplasm on artificial contraction 
commonly sticks to it just as in a sieve- tube, though no perforation 
of the wall has been found. Associated with the lupioids are 
similar cells without swollen ends and with thicker cross walls. 
Besides the hydrant and leptoni, and situated between them, there 
IS a tiisue which probably serves to conduct soluble carbohydrates, 
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and whose colls are ordinarily full of starch. This may be called 
amylom. The stem in this family falls into two divisions, an 
underground portion bearing rhizoids and scales, the rhizoine^ and 
a leafy aerial stem forming Its direct upward continuation. The 
leaf consists of a central midrib, several cells thick, and two W'ings, 
one cell thick. The midrib bears above a series of closely set, vorti- 
cal, longitudinally-running plates of green assimilative cells over 
which the wings close in dry air so as to protect the assimilativeaiid 
transpiring plates from excessive evaporation of water. The midrib 
has a strong band of stereom above and below. In its centre is a 
band-shapM bundle consisting of rows of leptom, hydrom, and amy- 
lom colls. This bundle is continued down into the cortex of the 
stem as a leaf trace, and j^assiug very slowly through the scleren- 
chymatous external cortex and the iiarcnchymatous, starchy 
internal cortex to join the central cylinder. The latter has a 
central strand consisting of files of large hydroids, seiiarated from 
one another by very thin w'alls, each mo being sejiaratod from ita 
neighbour by stout, dark-brown walls. This is probably homo- 
logous with the hydroid cylinder in the stems of othei mosses. 
It IS Burioundod by (1) a thm-walled, smaller -cel led hydrom 
mantle ; (2) a suborized amylom sheath ; a leptom mantle, 
interrupted here and there by starch cells. These three concentric 
tissue mantles are evidently formed by the conjoined bases of the 
leaf traces, each of which is conijioscd of the same three tissues. 
As tho aenal stem is traced down into the underground rhizome 
portion, tlicse throe mantles die out almost entirely — the central 
nydrom strand forming the bulk of the cylinder and its elements 
becoming mixed with thick-walled steroids ; at the same time 
this central hydroni-steroom strand becomes three-lobed, with 
deep furrows between the lobes in which the few remaining 
leptoids run, separated from tho central mass by a few starchy 
cells, the remains of tho amylom sheath. At the periphery of the 
lobes are some comparativoly thin-walled living colls mixed with 
a few' thin- walled hydroids, tho remains of the tbiii-walled hydrom 
mantle of tho aerial stem. Outside this arc three arcs of largo 
cells showing characters typical of tho endodormis in a vascular 
plant ; these are interrupted hy strands of narrow, elongated, 
thick- walled cells which send branches into the little brown scales 
borne by the rhizome. The surface layer of the rhizome hears 
rhizoids, and its whole structure strikingly resembles that of the 
typical root of a vascular plant. In Atrichum undulodum the 
central hydrom cylinder of the aerial stem is a loose tissue, its 
interstices being filled up with thm-walled, starchy parenchyma. 
In Dawamia auperha^ the fiiiost of all kiiow'n mosses, the hydroids 
of the central cylinder of the aerial stem are mixed with thick- 
walled steroids forming a hydrom -stereom strand somewhat like 
that of tho rhizome in other Polytrichacon. 

The central hydrom strand in the seta of the sporogonium of 
most mosses has already been alluded to. Besides this there is 
usually a living conducting tissue sonictinies differentiated as 
leptom forming a mantle round the hydrom, and bounded ex- 
ternally by a more or less well-difforontiatod eudodermis, abutting 
on an inogularly cylindrical lacuna ; the latter separates the 
central conducting cylinder from tho cortex of tho seta, which, like 
the cortex of tho gametophyte stem, is usually differentiated into 
an outer thick-wallod stereom and an inner starchy parenchyma. 
Frequently, also, a considerable differentiation of vegetative tissue 
occurs in the wall of the sporo-capsiile itself, and in some of the 
higher forms a special assimilating and transpiring organ situated 
just below tho capsule at the top of the seta, with a richly lacunar 
chlorophyllous parenchyma and stomata like those of the wall of 
tho capsule in tne Authooeroteaii liverworts. Thus the histolo- 
gical differentia tion of the sporogonium of tlie higher mosses ia 
one of considerable complexity ; but there is here even less reason 
to suppose that these tissues have any homology (jihylogenetic 
community of origin) with the similar ones met with in the nigher 
jilunts. 

The facts of histological structure in the Bryo- 
phytic series are all such as wc should expect to be 
doYoloped in response to the exigencies of increasing 
adaptation to terrestrial life on soil, and of increasing size 
of tho plant-body. In tho liverworts we find fixation of 
the thallus by water-absorbing rhizoids ; in certain forms 
with a localized region of water-absorption the development 
of a primitive hydrom or water-conducting system ; and in 
others with rather a massive type of thallus the differentia- 
tion of a special assimilative and transpiring system. In 
the more highly developed series, the mosses, this last 
division of labour takes the form of the differentiation of 
8|)ecial assimilative organs, the leaves, commonly with a 
midrib containing elongated cells for the ready removal of’ 
the products of assimilation ; and in the typical forms with 
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a localissed absorptive region, a well-developed hydrom in 
the axis of the plant, as well as similar hydroid strands in 
the leaf-midribs, are constantly met with. In higher forms 
the conducting strands of the leaves are continued down- 
wards into the stem, and eventually come into connexion 
with the centra] hydroid cylinder, forming a complete 
cylindrical investment apparently distinct from the latter, 
and exhibiting a differentiation into hydrom, leptom, and 
amylom which almost completely parallels that found 
among the true vascular plants. Similar differentiation, 
differing in some details, takes place independently in the 
other generation, the sporogonium. The stereom of the 
moss is found mainly in the outer cortex and in the mid- 
rib of the leaf. 

Vascular Plants, 

The body of the sporophyte in the great majority of 
the vascular plants (Pteridophytes and Plianerogams) shows 
a considerable increase in complexity over that found in 
the Bryophytes. The principal new feature in the 
external conformation of the body is the acquirement of 
“ true ” rooto, the nearest approach to which in the lower 
forms we saw in the “ rhizome ** of Polytrichaceac. The 
primary root is a downward prolongation of the primary 
axis of the plant. From this, as well as from various 
parts of the shoot system, other roots may originate. The 
root differs fr6m the shoot in the characters of its surface 
tissues, in the arrangement of its vascular system and in 
the mode of growth at the apex, all features which are 
in direct relation to its normally subterranean life and 
its fixative and absorptive functions. Within the limits 
of the sporophyte generation the Pteridophytes and 
Plianerogams also differ from the Bryophytes in possessing 
B]ieeial assimilative and trans])iring organs, the leaves, 
though these organs are also developed in the gameto- 
phyte of many liverworts and of all the mosses. The 
leaves, again, have special histological features adapted to 
the performance of their special functions. 

Alike in root, stem, and leaf, we can trace a thrcde-fold 
division of tissue-systems, a division of which there are 
indications among the lower plants, and which 
Hmit#- expression of the fundamental conditions 

9ma. evolution of a bulky differentiated plant- 

body, From the primitive uniform mass of undiffer- 
entiated assimilating cells, there is, on the one hand, a 
6|)ecialization of a surface layer regulating the immediate 
relations of the plant with its surroundings. In the typi- 
cally submerged algae and in submerged plants of every 
affinity this is the absorptive and the main assimilative 
layer, and may also by the production of mucilage be of 
use in the protection of the body in various ways. In 
the terrestrial plants it differs in the subterranean and 
subaerial parts, being in the former iire-emiuently absorp- 
tive, and in the latter protective — provision at the same 
time being made for the gaseous interchange of oxygen 
and carbon dioxide necessary for respiration and feeding. 
This surface layer in the typically subaerial “shoot” of 
the sporophyte in Pteridophytes and Phanerogams is 
known as the though the name is restricted 

by some writers, on account of developmental differences, 
to the surface layer of the shoot of Aiigiospemis, and by 
others extended to the surface layer of the whole plant in 
both these groups. On the other hand, we have an in- 
ternal differentiation of conducting tissue, the main 
features of which have already been fully described. The 
remaining tissue of the plant-body, a tissue that we must re- 
^d phylogeneticallyas the remnant of the undifferentiated 
tissue of the primitive thallus, but which often undergoes 
further differentiation of its own, the better to fulfil its 
characteristically vital functions for the whole plant, is 


known, from its peripheral position in relation to the 
primitively central conducting tissue, as the Tlie 

remaining important function for wliicli i)rovisioTi has to 
be made in any plant-body of considerable size, especially 
when raised into the air, is that of nvp^mri. uncial 
tissues may be developed for this puipose in the cortex, or 
in immediate connexion with the conducting system, 
according to the varying needs of tlie particular tyiKj ot 
plant-body. 

In rolation to its charactcristK’ function of piotection, iJn 
epidormiB, which, asaho^e detincd, consntH of a single layer ot 
colls, has typically tliickoned and cnticiilarized outer - 
walls. Tliese sene not only to ]»rotect the plant 
against slight ntccliamcal iiijuiy tiom without, but also and 
especially to prevent the evaporation of water from within, 
and to protect the internal tissues from tho soaking in of 
ram, Ac. At internals it is interrupted by pores leading from 
tho air outside to tho intcTcellular space system below. These 
stoviala are each surrounded by a jiair of jieculiarly modified 
epidermal cells called gunrd-alUy whioh open and close the pore 
according to tho need for transiuration Tlie structure of the 
stomata of the sjwrojdiyte of vascular plant*, is fundainontnllv 
the same as that ot the stomata on the sjMirogonmiu of the tiiiV 
mossos and of the jinthouruB, a sinking liict that lend.*, 

countenance to tho theory ulnch uould di-iive tne Pteridoph;yti' 
sporophyte from the sporogoimini of an ^»/Amvros.hke anccstoi. 
The stomata serve for all gaseous inteiihango l)Gtv\een the plant 
and the surrounding air. The guardM ells contain chlorophyll, 
which IS absent from typical epidermal i ells, tho lattci ccting as .i 
tissue for water storage. Sometimes the cpideimis is coiiHiderahl} 
more developed by tangential di\ ision ot its cells, fnintiiig a inanv 
layered water- tissue. Tho extremely vanous modifications of tfu* 
epidermis, especially in connexion with tho occurrence ol hans^ 
ot tho most various kinds, and the numberless ditlercnccs in tlic 
i distribution of the stomata, and their relation to the genet n I 
suriace of the oxudemns, aie concisely treated as to tho lead 
ing facts in Botany (Eticy, Bnt, \oi, iv. pj), 89-91), and in 
HisTonooY (vol. xii. p. 17). Mention may made boro of a 
class of epidonnal organ, tho liydofhodr^ tho wide distiihution and 
variety of which have been levealed by recent research. These 
are special organs usually situated on foliage 
loaves for the excretion of water in liquid form ^ 

W'hon transpiration is diminished so that the ]ircssure in the 
w'ater-channels of the plant has eomo to exceed a certain limit. 
They are widely distributed, but are particulaily almndaut in 
the tropics. In one typo they may take the foim of speeially- 
modiiied single epidermal cells or multiccllulai hairs without 
any direct connexion with the vascular system. The cells 
concerned, like all secreting organs, have abundant tirotoplasm 
with larger nuclei, and sometimes, m addition, part of the cell- 
w^all is modified as a filter. In a sccomi type they are situated 
at the ends of tracheal strands and consist of gioupsot nchl} 
protoplasmic cells belonging to the epidermis (leaves of many 
ierns), or to the subjacent tissue (the commonest ty|>e in fioweriiig 
plants) ; in this last case the cells in quchtioii are know imafpithema. 
The epithema is penetrated by a network of line intercellular 
spaces, which are normally filled vsith water and debouch on one 
or more intercellular cavities below the ejudcrniis. Above each 
cavity is situated a so-called iratcr-atvina, no doubt derived 
phylogenetically from an ordinary stoma, and enclosed by guard - 
cells which have nearly or entirely lost the jiower of movement 
The pores of tho vi’ater-sioniatii arc the outlets of the hydatliodc 
The epithema is frctniently surrounded by a slicath of uuticu- 
larizea cells ; in oUier cases tho epithema may be absent 
altogether, the tracheal strand debouching diiectly on the lacunte 
of the niesophyll. This last type of hydatnode is usually situated 
on the edge of tho leaf. Some hyuathodes are acli\o gUivdSy 
secreting the water they expel from the leaf. Many other types 
of glands also exist, either in connexion with the epidonnis or 
not, such as nectaries, digestive glands, oil, resin and mucilage* 
glands, Ac. 

Tho surface layer of the root, sometimes included under 
the term epidermis, i.. lundamentally ddforeut Irom the 
epidermis of the stem. lu correspondence vuih its w'atci- 
absorbing function it is not cuticulanzed, hut remains usually 
thin-walled ; the absorbing surface is increased by its cells being 
o^n produced into delicate tubes which curl round and adhere 
firmly to particles of soil, thus at once fixing tho root firmly in 
the soil, and enabling the hair to absorb readily tlie thin films 
of water ordinarily surrounding the particles. Tho rooUhair 
ends blindly and is simply an outgrowth from a surface cell, 
having no cross walls. It corresiKuids in function with tho 
rhizoid of a bryophyte. At the apex of a root, covering and 
protecting tho aelicato tissue of tho growing point, is a siiecial 
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Toot-eap consiiting of a number of layers of tissue whose cells 
break down into mucilage towards the outer surface, thus 
facilitating the passage of the a]M$x as it is pushed between the 
particles of soil. 

The cortex, as has been said, is in its origin the remains of the 
primitive assimilating tissue of the plant, after diiforontiation 
Corimx layer and the conducting system. It 

vone . consists primitively and mainly of typical living 
parenchyma ; but its dilferentiation may be extremely varied 
eince in the complex body of the higher plants its functions are 
very various. In all green plants, where there is a special protec- 
tive epidermis, the cortex of the shoot has to perform the 
primitive fundamental function of carbon assimilation. In the 
leafy shoot this is mainly localized in the cortical tissue of the 
leaves, known as meat^hyllf which is essentially a parenchy- 
matous tissue containing chloroplasts, and penetrated by a 
lacunar system so that the surfaces of the assimilating cells are 
brought into contact with air to as large an extent as possible 
in order to facilitate gaseous interchange between the assimiliiting 
cells and the atmosphere. At the same time the cells of the 
rneso])hyll are tran 8 [>iring colls — i.e., the evaporation of water 
from the loaf goes on from them into the intercellular spaces. 
The only pathways for the gases which thus pass between the 
cells of the iticsophyll and the outside air arc the stomata. A 
typical land ])lant has always to protect itself against over-tran- 
spiration, and for this reason the stomata are placed mainly or 
exclusively on the lower side of the leaf, w'horo the water-vapour 
that esca{>es from them, being lighter than air, cannot rise away 
from the surface of the leaf, but remains in contact with it and 
thus tends to check further transpiration. The stomata are in 
direct communication with the ricliost lacunar system, which is 
found in the loosely arranged mesophyll (apoitgy tiaaiLe) on that 
side. This is the main transpiring tissue, and is protected from 
direct illumination and consequent too great evaporation. The main 
assimilating tissue, on the other hand, is under tne upjier epidermis, 
where it is well illuminated, and consists of oblong colls densely 
packed with chloroplasts and with their long axes perpendicular 
to the surface {palisade tissue). The intercellular spaces are here 
fewer and narrower. The whole lacunar system thus forms a 
kind of funnel, with its narrow end in the palisade and its wide 
end under the stomata, so that the double necessity for the limi- 
tation of transpiration and the illumination of the palisade cells 
lessens the amount of carbon dioxi<lo which can reach the latter. 
Loaves whose blades are placed vertically possess palisade tissue 
and stomata on both siaes {isobilateral leaves), since there is no 
difference in the illumination, while those which are cylindrical 
or of similar shape {cetUnc leaves) have it all round. The leaves 
of shade plants have little or no diiforontiation of jialisade. In 
fleshy leaves which have little or no chloro])hyll, the central 
iiiesopliyll is abundant and acts as water-storage tissue. The 
cortex of a young stem is usually green, and plays a more or less 
important part in the assiiiiilativo function. It also always 
IKissesses a well-doveloiied lacunar system communicating with 
the external air through stomata (in the young stem) or lenttcels 
(see below). This lacunar system not only enables the cells of 
the cortex itself to respire, but also forms channels through 
which air can pass to the deeper-lying tissues. The cortex of the 
older stem and of the root frequently acts as a reserve store-house 
fur food, which generally takes the form of starch, and it also 
assists largely in providing the stereom of the plant. In the 
leaf- blade this often appears as a layer of thickened subopidennal 
colls, the hypoderm, often also as subepidemial bundles of 
Bclerenchyniatous fibres or of similar bundles extending ri^ht 
across tiie loaf from one epidermis to the other, and thus acting 
as struts. Isolated cells {idiohlasts), thickened in various ways, 
are not uncommonly found supporting the tissues of the leaf. In 
the larger veins of the leaf, es^cially the midrib, m the petiole 
and in the yuung stem, an extremely frequent type of mechanical 
tissue is eollenchyttm. This consists of elongated cells with cellu- 
lose walls, which are locally thickened along the original corners of 
the cells, reducing the lumen to a cylinder, so that a number of 
vertical pillars of cellulose connected by comparatively thin walls 
fonn the framework of the tissue. This tissue remains living and 
is usually formed quite early just below the epidermis, where it 
]irovido 8 the first peripheral sujqiort for a still growing stem or 
|»otiole. Sclerenchynia may be lormed later in various positions 
in the cortex, according to local needs. Scattered single stereids 
or bundles of fibres are not uncommon in the cortex of the root. 

The innermost layer of the cortex, abutting on the central I 
cylinder of the stem or on the bundles of the leaves, is called the 
phloeoierma, and is often difiereiitiatcd. In the leaf- 
PAIoso- blade it takes the form of special paroiicliymatous 

tenna* sheaths to the bumllos. The cells of tnose sheaths are 

often distinguished from tlie rest of the mesophyll by 
containing little or no chlorophyll. Occasionally, however, they 
are particularly rich in chloroplasts. These bundle sheaths are 
important in the conduction of carbohydrates away from the 
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assimilating cells to other parts of the plant. Rarely in the leaf, 
fairly fluently in the stem (particularly in Pteridophytes), and 
universally in tne root, the phloeoterma is developea as an endo^ 
dermis (see below). In other cases, it does not differ histologi- 
cally from the parenchyma of the rest of the cortex, though it is 
often distinguished by containing particularly abundant starch, 
in which case it is known as a starch shetUh, 

One of the most striking characters common to the two highest 
groups of plants, the Pteridophytes and Phanoi-oganis, is the 
possession of a double (hydrom-leptom) conducting 
system, such as we saw among the highest mosses, Vmaeaimr 
but with sharply characterized and peculiar features, eyetem, 
almost certainly indicating common descent throughout 
both these groups. It is confined to the sporophyte, which forms 
the leafy-pTant in these groups and is Known as the vascular 
system* Associated with it are other tissues, consisting primi- 
tively of parenchyma, mainly starchy, and in the Phanerogams 
particularly, of special stereom. The whole tissue system is 
Known as the Sietar sfysUvu It has no direct phylogenetic con- 
nexion with that of the mosses. The origin of the Pteridophyta 
( 9 . 0 .) is very obscure, but it may be regarded as certain tliat 
it is not to be sought among the mosses, which are an extremely 
specialized and peculiarly differentiated group. Furthermore, 
both the hydrom and leptom of Pteridophytes have marked 
peculiarities to which no parallel is to be found among the 
Bryophytes. Hence we must conclude that the conducting 
system of the Pteridophytes has had an entirely separate evolution. 
All the surviving forms, however, have a completely established 
double system with the specific characters alluded to, and sincq 
there is every reason to behove that the conditions of evolution 
of the primitive Pteridophyte must have been essentially similar 
to those of the Bryophytes, the various stages in the Yimmum 
evolution of the conducting system of the latter are 
very useful to compare with the arrangements mot 
with in the former. The hydroid of a Pteridophyte or of a 
Phanerogam is characteristically a dead, usually elongated, cell con- 
taining air and water, and either thin- walled with lignified spiral 
or annular thickenings, or with thick lignified walls, incompletely 
perforated by pits (usually bordered pits) of various snapes. 
When a number of such colls, called tracheids, placed eua to 
end, have open communication with one another, the resulting cell- 
fusion is called a vessel. Vessels are very rare among Ptcri- 
dophytes, though common among Phanerogams. The trachcids 
or vessels, indifferently called tracheal eleimnis, together with 
the immediately associated cells (usually amylom in Pteri- 
dophytes) constitute the xylem of the plant. This is a morpho- 
logical term given to the particular tyjio of hydrom found in both 
Pteridophytes and Phanerogams, together with the parenchyma 
or stereom, or both, included within the boundaries of the hydrom 
tissue strand. The leptoid of a Pteridophyte is also an elongated 
cell, with a thin lining of pToto})lasm, but destitute of a nucleus, 
and always in communication with the noxt cell of the loptoiii 
strand by relatively large perforations (in Pteridophytes often not 
easily demonstrable), through which pass strings of protoplasm. 
These are often converted into a peculiar substance called callose, 
which is also frequently formed over the surface of the perforated, 
often extremely obliauo, end-walls. The structure formed by a 
number of such celts placed end to end is called a sieve^tuhe 
(obviously comparable with a xylom-vessel), and the end-wall or 
area of end-wall occupied by a group of perforations, a sieve-plate 
(see Cytology). The sieve-tubes, with thoir accompanying jiaren- 
cbynia or stereom, constitute the tissue called phloem. This is 
likewise the term for a morphologically defined tissue system, t.e. 
the leptom found in Pteridophytes and Phanerogams with its asso- 
ciated cells, and is entirely parallel with the xylem. The sieve- 
tubes differ, however, from the trachcids in being immediately asso- 
ciated, apparently ooustantly, not with starchy parenchyma, but 
with parenchymatous cells containing particularly abundant 
protein contents which seem to have a function intimately con- 
nected with the conducting function of the sieve-tabes, and which 
we may call prvteid-cells. 

The xylom and phloem are nearly always found in close asso- 
ciation in strands of various shapes in all the three main organs 
of the sporophyte — ^root, stem, and leaf— and form a < _ i, __ 
connected tissue-system running through the whole 
body. In the primary axis of the plant among Pteri- 
dopnytes and many Phanerogams, at any rate in its ^ cmntrmt 
first foniied part, the xylem and phloem are associated 
in the form of a cylinder, with xylem occupying the ^ ® !r 

centi'e, and the phloem (in the upward growing part 
or primary stem) forming a mantle at the periphery (Fig. 8 ). In 
the downward growing part of the axis (primary root), nowever, 
the peripheral mantle of phloem is interrupted, the xylem coming 
to the surface of the cylinder along(u 8 ually) two or (sometimes) 
more vertical lines. Such an arrangement of vascular tissue is 
called radial, and is cliaracteristic of all roots (Figs. 2 and 9). 
The cylinder is surrounded by a mantle of one or more layers of 
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narenohymatous cells, the perwyehf and the xylem is separated 
m)m the phloem in the stem by a similar layer, the tnssoeyeh 
(corresponding with the hydrom sheath in mosses). The perl- 
cycle and mosocyole together form the conjunctive Heaue of the 
stele. In the root the mesocycle, like the phloem, is interrupted, 
and runs into the pericycle where the xylem touches the latter 
(Fk. 2). The whole cylinder is enclosed by the peculiarly 
differentiated innermost cell-layer of the cortex, known as the 
endodermis. This layer has its cells closely united and sealed to 
one another, so to speak, by the conversion of the radial and 
transverse walls (which separate each cell from the other cells of 
the layer), or a band running in the centre of these, into corky 
substance, so that the endo^rmal cells cannot be split apart to 
admit of the formation of intercellular spaces, and an air-tight 
sheath is formed round the cylinder. Such a vascular cylinder is 
called a, pratoatelCt and the axis containing it is said to ne proto* 
monostelie. In the stele of the root the strands of tracheids along 
the lines where the xvlem touches the pericycle are spiral or an- 
nular, and are the xylem elements first formed when the cylinder 
is developing. Each strand of spiral or annular first- formed 
tracheids is called a wotoxyUm strand, as distinct from the 
metitxylem or rest of tne xylem, which consists of thick-walled 
tracheids, the pits of which are usually scalariform. The stole 
is called ^mnairch^ diurch^ . . • polyarck according as it contains 
one, two, ... or many protoxylems. When the protoxylem 
strands are situated at the |)eriphery of the stele, abutting on the 
pericycle, as in all roots, and many of the more primitive i’terido- 
phyto stems, the stole is said to bo exarch, when there is a 
single protoxylem strand in the centre of the stele, or wlien, as is 
more commonly the case, there are several protoxylem strands 
situated at the internal limit of the xylem, the centre of the stem 
being occupied by parenchyma, the stele is endarch. This is the 
case in the stems of most Phanerogams and a few l^ridophytcs. 
When the protos^leins have an iiitonnediate position the stele is 
meaarch (many Fteridophytos and some of the more primitive 
Phanerogams). In many cases external protopkloem, usually con- 
sisting of narrow sieve-tubes often with swollen walls, can bo 
distinguished from metaphloem. As the primitive stole of an 
exarch Pteridophyte is traced upwards from the primary i-oot into 
the stem, the ^iloem and mesocycle become continuous round the 
xylem. At the same time the stele becomes more bulky, all its 
oroments increasing in number. Very frequently the number of 
protoxylem strands increases by branching of the original ones 
that have come up from the root. Soon a bundle goes olf to the 
first leaf. This consists of a protoxylem with a few metaxylem 
elements, a segment of mesocycle, phloem, pericycle, and usually 
an arc of ondoaermis, which closes round the bundle as it detaches 
itself from the stole. Thus such a leaf-bundle contains juirts of 
all the tissues of the stele, and is hence called a meriatelc. It is 
])rimitively bilaterally synimotrical like the leaf it supplies, 
though it may acquire a radial symmetry of its own, while tlie 
stole of the stem is primitively rauially symmetrical like the stem 
itself. As the stele is traced faithcr upwards it becomes bulkier, 
as do the successive leaf-bundles which leave it. In many Pteri- 
dophytes the solid protostele is maintained throughout the axis. 
In others a central parenchyma or prttniiivc pith — a new region 
of the primitive stelar conjunctive — appears in the centre of the 
xylem. In many ferns internal phloem appears associated with 
this primitive pith ; and at a higher level, after the stele has 
increased greatly in diameter, a large-celled true pith or medulla^ 
rescmbliiig the cortex in its characters and usually quite distinct 
from coi]Jiinctive, appears in the centre. This is often separated 
from the conjunctive by an internal endodermia. Where internal 
phloem is present this is separated from the internal endodermis 
oy an endocyele or ** internal jiericycle,'* as it is sometimes called, 
and from the xylem by an internal wcsocycfc —these two layers, 
together with the outer mesocycle and pericycle, constituting the 
coxyuuctivo tissue of the now hollow cylindrical stele. (The con- 
junctive frequently foniis a connected whole with bands of starchy 
xylem •parewhyma^ which, when the xylem is bulky, usually 
appear among the tracheids, the phloem also often being 
penetrated by similar bands oi phloem -parenchyma,) To this 
type of stele, whether with or without internal phoem, is 
given the name aiphonoatele to distin^ish it from the solid 
protoatele characteristic of the root, of the first -formed por- 
tion of the stem, and m the more primitive Fteridophytos 
of the w'holo of the axis. The siplionostele is, as it is found 
among many of the lower ferns, broken by the departure 
of a leaf-bundle, the outer and inner endodermis joining so that 
the stole becomes horseshoe - 8 ha 2 >ed and the cortex continuous 
with the pith (Fig. 4). Such a break is known as a leaf -gap, 
A little above the departure of the leaf bundle the stele again 
closes up, only to be again broken by the departure of the next 
•*Pobrm Whore the loaves are crowded and the 

Mtmiy** phyllotaxy is high, a given leaf-gap is not closed before 
the next ones ap}>oar, and the siplionostele thus 
becomes split up into a number of segments, sometimes band- 


shaped or semilunar, sometimes isodiamctric in cross-section 
(Fig. 5). Each segment of the siphonostele frequently resemblea 
a protostele, the secants of inner endodermis, pericycle, phloem, 
and mesocycle joining with the corresjionding outer segments to 
form a concentric structure. For this reason a stem in which the 
vasoular system has this type of struetuio is spoken of as voly- 
atelict the term ** stele*’ being transferred from iho piimary 
central cylinder of the axis and applied to the vascular .strands 
lust described. In this use the term loses, of course, its morphu- 
logical value. Where the “steles" are few and band-shaped on 
cross-section, the structure is sjiukcn of as “ gamostehc " ; w here 
they are namerous, and run independently for considorahlo dis- 
tances, it is “dialystelic." The splitting up of the vascular tube 
or siphonostele into separate strands docs nut depend wholly upon 
the oocurrenoe of leaf-i^ps. In the extremely dialystohc forms 
the leaf-gaps are very broad and long, and are filled by a network 
of slender strands, some of winch run out to the leaf, while othcr^ 
form cross connexions between these and with the strands 
separating the gaps, which, though stouter than the leaf-gap 
steles, are reduced to com|>aratively narrow bands. In some 
cases the strands separating the gaps are themselves split ujs 
further increasing the dialystely. Finally, the original dialystoJic 
cylinder may bo supplemented by additional internal or external 
strands or both, joining by frcipiont connexions the primary ones 
The leaf-traco consists of a single strand only in some ui tin* 
protostolic and more primitive siphonostehc forms, in the latter 
(where it is simply a aetached segment of the siphonostele) having 
the shai^e of a crescent or horse-shoe in cross-section with tin- 
convexity outwards, and m the petiole downwards. In the mou 
complex forms, as already indicated, the tuu-c is itself split up 
into a number of strands which leave the base and sides of tin* 
leaf-gap inde|>cndontly. In the petiole those may increase in 
number by branching and sometimos form a conqiiiratc-d system 
resembling that of the stem, hut usually reducible to the primi- 
tive bilateral horse-shoe typo. The protustohe, si)>honostelic, 
and “polystolic" conditions are mainly Ibiiml among the Fieri- 
dopbytos. There is ^ood reason to su ppose that the protostel ic con- 
dition is primitive in evolution. Essentially the same type was 
found in tne primitive conducting system of thogametophyteof the 
mosses. Ko doubt the siphonostele came next, sometimes ]>erhaps 
in relation to the necessity for the formation of a hard peripheral 
Bupiiortiug cylinder, but often owing to locators not yet understood, 
and by the crowding of the leaf-gai>s and other factors the “ ixil} - 
stelic^* state was lea* bed. Thus in tiiu-ing the stelar system of a 
“ polystelic ** fern, for instance, upwards from the primary root, 
the various stages w'^hich have led to the evolution of this type ^ 
are iiassod through. In a few Ftendophy tea and the great maiority 
of tne Phanerogams, the pit>tostele of the primary rr>ot dilates 
either iumiodiatcly utiou entering the stem, or at a higher level, 
acquires a tnie medulla, and the vascular cyhiifler breaks into a 
number of soiiarato collateral hundlea (i.c., with xylem tow^ards 
the centre and phloem towards the periphery of the stmi) whu h 
pass out of the cylineJer to supply tne leaves after Itaving givm 
off branches i^cmxtiivaatwn hwidlea) which continue then couisc in 
the cylinder of the stem. The lowest collater.il Imudles of the 
typical ]*hancroganiic stem are fref|ueiitly directly continuous 
with the (often separate) strands forniuig the stole of the primary 
root, so that no siphonostehc condition of the tyjie always found 
near the base of the stem of a higher Pteridojdiyte is passed 
through. Put the collateral bundles of the stem stele are usually 
united laterally by conjunctive tissue, so that a hollow cylinder 
of stelar tissue is mainUmed, and the pith is isolated from the 
cortex except at the leal -gaps. Tins niodiHed sinhoiiostele is 

very charaeleristic of the i'uancrogamic stem. In the great 
majority of cases there is a fairly wide pcneyclo outside the 
jihlocni, and this is partially or wholly converted into 8<*lcren- 
chyma, usually of the jiroseiichymatous (fibrous) type. In this 
way an efticient p(*npheral supporting cylinder is secured, and it 
is no doubt largely owing to the nct-d for this mechanical siiji- 
])ort that the modified sinhonostele is maintained in the Phaiieio- 
gamic stem. As it is, tne single collateral bundle often asserts 
its individuality while still within the stele, the ronjunctive 
being obviously arranged round them as centres- -the scleiizod 
pericycle, for instance, taking the form of a iiuniber of baiub 
ave-snaped in cross-soction, capping the phloems of the bundles, 
and the cortc.\ and medulla frequently intruding between two 
adjacent ones (Fig. 6). In some cases, indeed, the modified 
siphonostele breaks uj> altogethei, the cortex and medulla 
becoming continuous between tbo bundles, each of which is sur- 
rounded ny Its own investment of tissue corre.sjioiidiiig w ith eon 
j^’iictive, but now' called pertdesnif the i.solat«‘d segment of the 
mesocycle being know'n as mesodesm Tins is the condition of 
astely, entirely iiarallcl with polysttdj excel 4 that the 
separate strands are usually all or mostly leal-traco.s. 

Tlie difi’ercnoe between the concentric and the collateral structure 
of the strands, depending mainly on the presence or absence ol 
internal phloem, and the dltlerencc between the rounded “ stele ’ 
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of the polyKtello Pteridophyte ith its tondencv to radial organ- striking and characteristic enough, are of comparatively minor 
ization, and the uuixiglar wedge -Bha]jed bundle" of the imixnrtance. The characteristic ty^ie of arrangement of vascular 
Dicotyledon usually with its rap or sheath of peridesmic stereom, strands found in moiiocotylodonous stems dex^ends on a similar 
doxtending on the different eharacturs of the siphonostele from extreme assertion of the individuality of the single leaf-trace 
which the two types have been resxiectively evolved, though bundle, combined with an often enormous increase in the number 


s 



Fig. 4. 



Fig- 5- 


FIOB. 2o9.--DlAaRAMH or THK MaINTYPKH of AnitANOEMSNT Oh THL Htklar 
Tihhukh in l*Txiui>urBYrKB ANi> rHANEUouANB (us socu IQ traiiMverse 
seutluti). 

The xylem is cmsB-hatt'lied, the i>lilo«Tn shaded diagoually, protoxj lein and 
protoxdiloem shaded darkly, x>areiich>inalouH cuniuuctivu tissuo loll white, 
sulorenchyma dotted. 

Fio. 2.— Dinrchroot-stelo, with axial nietaxylem x>1ate joining the t^^o x>rot(>« 
xyleins ; the coiumonest tyjie of pi unary root-stele. 

Fki. 3.--Holid exarch prutOKtefe (runresenbed as peiitarcl^: base of iiiost 
rteildujdiytn stems, and throughout hWiii ot more pniiiitlvo forms. 

Fio. 4 —T> ideal siphonostvle (represented aHtneHttn‘h)withinteriinl phlo»'in, 
broken by dei>artiir« of n xnoiistuiic loat-trefl on the right. CharacterislK* of 
base of stem in most ferns, and of whole axis in many. 

Fio. A — Miiiiple dialystelic type ; niesureh siphonostele rexirc'-ionted as 
broken hy two opposite leaf-gax>s (light and left), eueh containing three ineri- 
Htellc leaf- traces, simulating iirotosteles and iisimlly known us steles. 
Characteristic of the steiiiB of most of the higher ferns. 

Fio, 0.—Modined siphonostele with collateral emlarch bundles separalKl 
laterally by conjunctive tissue. The regions of the hitter outside the litiloems 
are sclerized, as is usually tlie case. Cliaracteristic of the dicotyledonous 
stem. 

Fig. 7.— Separate collateral endarch bundle of an astello fomi sunounded by 
ita iieridesm which may be ixirtly or wholly sclori/ed. Xylem and phloem 
setNirated by iiiesodesm. Home dicotyledonous stems. 

Fio. 8 — -Meristelle arc of collateral bundles, united by couJunctive. Com- 
moil in petioles of Dicot yleilons. 

Fio. U.— Large polyan'h root- siphonostele, showing radial airangement of 
primary xylem and phloem In alternate strands, and also additiumil Intcnial 
iiietaxylein, mostly in the form of large vessels. Found in main Mouocoty- 
Imloiu). Most roots allow some form intermediate between this and that 
rept^iicuted m Fig. 2 


of bundles present at any given level. Tlie result is a dilation 
of the stele till it occuiiios tiic wliole or nearly the whole of the 
axH, the cortex being reduced to a nariuw cylinder or disa]JX>ear- 
ing altogether. The pencyule usually forms a sclerizcd band at 
or near the peri))hcry of the stem, and the leaf-trace bundles are 
scattered in a deiiiiite though not BU])erficiaIIy obvious order 
tlirough a general jiarenehymatouH ground tiHSue, each bundle 
being oonimonlv eapiied or surrounded by its own sheath of 
stcrcom. In a I'd w cases among the Phanerogams (e.g., Auricula) 


a polystolio condition originates secondarily in evolution by the 
association of su])]ilomeutary internal inversely oriented bundles 
witii detached arcs of the onginal stele. Tliis is another method 
of increasing the vascular supxily to tbe leaves when the needs 
of these exceed the capacity of the original dilated and broken 
central cylinder.* In other cases jiolystely may originate in a 
completely astelio type by the association of bundles round 
common centres (NymphaM). 

In the foregoing description of the evolution of the stelar 
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system in vascular plants, account has been taken only of is-hat 
seem the principal and more easily interpreted lines 
of descent. Among some of the Pteridophytes 
KB/ws. (Sel(igvMlla\ a type of })oly8tely is found which is not 
directly traceable to the breaking up of a i)rimitivo siphonostele 
by the crowding of leaf-gaps. Among the Cycadohlices also, a 

f reat group of extinct fonns occupying the borderland between 
erns and Gymnospenns, side by side with tnouostciic typos which 
furnish a most interesting sequence leading h'om the protostele 
so common amon^ modern Pteridophytes to the modified sinhono- 
stole characteristic of modern Cycaiis, Conifers, and Dicotyledons, 
* there are a number of siphouostelic and polystelm types (the 
Medullosem and allied forms) in W'hich the breaking of the 
siphonostele does not depend u|>on the departure of leaf-traces. 
The structures presented are often of considerable complexity, 
and their origin and relationship with the more easily intelligible 
types are frcmiently obscure. 

in the blade of a typical leaf of a vascular plant — essentially a 
thin plate of assimilating tissue — the vascular system takes the 
1 r ^ number of separate, usually branching and 

anastomosing strands. Those with thoir associated 
Btereom form a kind of framework which is of great 
Uc/ importance in supporting the raesopliyll ; but also, ami 
chiefly, they provide a number of cbatmels, penetrating 
every part of the leaf, along which water and dissolved salts are 
conveyed to, and elaborated food -substances from, the iiiesophyll 
cells. Each bundle is a branch of an original meristele that left 
the cylinder of the stem. It is always collateral (the phloem 
being turned downwards and the xylem upwards), even in Ferns, 
where the luenstole or meristolos of the petiole potiolar steles *’) 
are concentric, and it has the ordinary mesodosm and jioridcsmof the 
collateral bundle. The latter is often selerized, esjiecially opposite 
the phloem, and to a less extent opposite the xylem, as in the 
stem. As a bundle is traced iowaras its blind teriiiination in 
the mcsophyll the pcridosmic stereom first disappears, the sieve- 
tubes of the phloem are replaced by narrow elongated parenchyma 
cells, which soon die out, and the bundle ends with a strand of 
tracheids covered by the phloeotermic sheath. 

The structure of the stele of the primary root as it is found in 
must rtcridopby tea and many Phanerogams has been already 
described (Fig. 2). Tlie radial sfructuro is characteristic of all 
root-steles, w'hicli have in cssc'iitial points a remarkably uniform 
structure throughout the vascular plants, a fa(*t which is no 
doubt largely dependent on the very uniform conditions under 
which they live. The larger root-steles are usually iwlyarch, 
and seldom have the centre filled up with xylem, this being 
replaced by a large-celled pith so that the sipboiiustolic strmituro 
is acquired (Fig. 9). Soiiiotiines, bow ever, the centre of a bulky 
root stele has strands of motaxylem (to which may bo added 
.strands of meta]diloem) scattered through it, the interstices being 
filled with coujuiictivo. The conjunctive of a root-steie jiossess- 
iiig a pith is olteii selerized between the pith and the jiericyelc. 
Sometimes all the parenchyma within the stele undergoes this 
change. In the roots of some palms the sijdiouostelo breaks 
up into arcs, wliidi may each acquire a **stelar ” structure by 
the bending in and joining of the edges. 

For “ laticiferous tissue,” see CVioLisiV. 

The body of a vascular plant is doveloijed in the first 
place by repeated division of the fertilized egg and the 
Devs/op- g^'owth of tlie products of division. The body 
meat of thus formed is called the tnibryo^ and this 
primary develops into the adult plant, not by continued 
tieeue, growth of all its parts as in an animal, but by 
localization of the regions of cell-division and growth, such 
a localized region being called a growing -point. This 
localization takes j»lace first at the two free ends of the 
primary axis, the descending part of which is the primary 
root, and the ascending the primary shoot. Later, the 
axis branches by the formation of new growing-iioints, 
and ill this way the comi)lcx branch system of axes form- 
ing the body of the ordinary vascular plant is built up. 
In the flowering plants the enibiyo, after develojiing up 
to a certain point, stops growing and rests, enclosed within 
the teed. It is only on germination of the latter that the 
development of the embryo into the free plant is begun. 
In the Pteridophytes, on the other hand, development from 
the egg is continuous. 

Tho triple division of tissues is laid down in most cases at a 
very early period of development — in the flow'ering plants usually 
before the resting stage is reached. In many Pteridophytes the 


first leaf is formed very early, and the first vascular strand is 
developed at its base, usually becoming continuous with the 
cylinder of the root ; the strand of the setxmd loaf is formed in a 
similar way and runs down to join that of the first, so that the 
stem stele is formed by the joined bases of tho leaf-traces. In 
other cases, however, a continuous primitive stole is developed, 
extending hrom the primary stem to the primary root, tho Icat- 
traces arising later. This is correlated with tho comparatively 
late formation and small development of the first loaves. The 
evidence scarcely admits of a decision as to whiib of thof,e 
methods is to be regarded as primitive in descent. In the seed- 
forming plants (P/tanero^fams) one or more primary leaios 
{eotykdone) are alrearly formed in the resting embryo. Incases 
where the development of the embryo is ailvanced at the resting 
period, traces run from the cotyledons and doteriniue tlio 
symmetry of the stele of the primitive axis, the u)>]>or part ui 
which show's stom- structure, in some respects at least, and is 
called tho hyiiocotylodonary stem or hypoeotyl^ while the lower 
pa|:t is the primary root {radicle). On germination of the seed 
the radicle first grows out, increasing in size as a w'liole, and soon 
adding to its tissues by cell division at its a])ical growing- point. 
The hypocotyl usually elongates by its cells increasing \ery 
greatly LK>th in number and size, so that the cotyledons are raised 
into the air as the first foliage-leaves. Further grow th in lengtli 
of the stem is thenceforward confined to the apical growing point 
situated betw'een the cotyledons. In other cases this grow ing-poinl 
becomes active at once, there being little or no olongation of tlie 
hypocotyl and tho cotyledon or cotyledons remaining in the seed. 

The structure of the growing-points or ajiical nieiistems varn*s 
much in ditlerent cases. In most Pteridophytes there is u single 
large aptcal cell at the end of each stem and root avis. 

This usually has the form of a tetrahedron, with its 
base occupying the surfai'o of tho body of the axis ^ 
and its apex pointing towards the interior. In the stem, 
segments are suceessivcly cut oil* from the sides of tho tetrahedron, 
and by their subsequent division the body of the stem is piodnced. 
In the root exactly the same thing occurs, but sogmeiilh are cut 
oir also from the base of tho tetraliedron, and by the division of 
these tho root-cap is formed. In both stem and root early walls 
se]>arate tho cortex from the stele. The epidermis in the stem 
and the surface layer of tho root soon becomes dill eientiated Irom 
tho underlying tissue. In some Ptendophyto stems the ajiical cell 
is wodge-sliaped, in others prismatic ; in the latter case segments 
are cut otl from ibo end of the prism turned towards the body of 
the stem. In other eases, again, a ^oup of two or four piismatic 
cells takes tho place of tho apical cell. Scgnicnts arc then cut ot! 
from tho outer sides of these initial cells* in most of the Phaiur- 
ogams the apical {or prtnuiry) meristem^ instead of consisting ol 
a single apical cell or a group of initials, is stratihed— i.c., there is 
more than one layer of initials. Throughout tho Angiosnorms tin* 
epidermis of the shoot originates f^oiu separate initials, whiih 
never divide tangentially, so that the young shoot is <'o\ered b\ 
a single layer of duidiiig cells, i\\o dermatogen. Below' this aic 
tho initials of the cortex and central cylinder. 'Whctlier these 
are alw'ays in layers which'remain separate is not known, hut it 
is certain that in many cases they cannot be dist tuguishcd. Thus, 
liow’ever, may be duo to irnigulanty of division and displacement 
of the cells by irregular tensions (iostroying the ol»\ious laycicd 
aiTangement. In some cases there is a pcrlectl}’^ detinite lim* of 
separation between tho young cylinder (plcnnnc) and young corie.x 
{prribleoi), the latter having 0110 or more layers of initials at the 
actual apex. This clear 8e])aralion hotwecn j>eril)]cm and pleiome 
is mostly fouml m plants whose stem -apex lorms a naked cone, 
tho leaves being produced relatively late, so that tin* side of the 
\oung stum is obvious above the youngest leaf-traces, ^^llcro 
the leaves are developed early, they often quite ovtrslnwiow tin* 
actual apex of the stem, and the rapid fornialion of leaf tissue 
disturbs the obviousness of, and perhaps actually destrovb, the 
Htralified arrangement of the shoot initials. In tins case also, 
the ditTerentiation of leaf- bundles, which tyi>ically begins at the 
base of the leaf and extends unw arris into the leaf and downwards 
into the stem, is the first pnenomcnon in the development of 
xascular tissue, and is seen at a higher level than the tormatiou 
of a stole. The latter is produced (except in cases of comi»lctc 
astely w hero a cylinder is never formed) after a number of leaf- tract*', 
have apjrearcd on ditforent sides of the stem so as to form a ciiclc 
as scon in transverse section, the spaces inter\ cuing between 
adjacent bundles becoming bridged by small-celled tissue closing 
the cyhndcr. In this tissue fresh bundles may become dilh icn- 
tiatoa, and what remains of it becomes the rays ol the full}- 
ior.uod stele. Many cases exist which arc intermedia tc between 
llie two extreme types described. In these the stele bccounia 
obvious in transverse section at about the same level as that at 
which the first leaf- traces are developed. Where a large-ceBed 
pith is developed this often becomes obvious very early, and m 
some cases it appears to have separate initials situated below 
those of the hollow vascular cyhndcr or modified siphonostele. 
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In some omoi where there ia apparently a well-marked nlerorae 
at the apex, thia ia really the young pith, the diatinction oetween 
the atelar and cortical initiala, if it exiata, beii^, aa ia ao often 
the caae, imijoaaible to make out. The ^oung tiasue of the atelar 
cylinder, in the case of the modified aiphonoatele characteriatic 
of the dicotyledonoUH stem, differa from the adjoining pith and 
cortex in Its narrow elongated cells, produced by the stopping of 
transverse and the increased frequency of longitudinal divisions. 
This is especially the case in the young vascular bundles them- 
selves (deBmoycn airanda). The protoxylem and protophloem are 
developed a few cells from the inner and outer margins of the 
desmogen strand, dosmogonic tissue left over giving rise to the 
segments of cmdocyclo and poricycle capping the Imndlo. Diflercn- 
tiation of the xylem progresses outwards, of the phloem inwards, 
but the two tissues never meet in the centre. Sometimes develop- 
ment stops altogether, and a layer of undifferentiated parenchyma, 
the wemit'sm, is left between them ; or it may continue indefinitely, 
the central colls keeping pace by their tangential division with 
the differontiation of tissue on each side. In this ease the 
formation of tlio primary bundle passes straight over into the 
formation of secondary tiasuo by a cambium, and no line can be 
drawn between the two processes. The diiibrontiation of the 
stelar stereom, which usually takes the fonns of a sclerized peri- 
cycle, and may extend to the endocyclo and parts of the rays, takes 
place in most cases later than the formation of the primary 
vascular strand. In the very froauont cases where the nundles 
have considerable individuality, tiie fibrous pericyclio cap very 
clearly has a common origin from the same strand of tissue as the 
vascular elements themselves. 

The separation of layers in the apical meristem of the root 
is usually very much more obvious than in that of the stem. 
The outermost is the calyptroyen, which gives rise to the root 
ca]), and in Dh'otyledons to the piliferous layer as well. The 
periblem, one cell thick at the apox, jiroduecs the cortex, to which 
the piliferous layer belongs in Monocotyledons ; and the plcrome, 
which is nearly always sharply separated from the penhiom, gives 
rise to the vascular cylinder. In a few cases the boundaries of 
the diiferent layers are not traceable. The protoxyleins and the 
thloom strands are developed alternately, just within the outer 
imit of the young cylinder. The differentiation of metaxylom 
follows according to the typo of root-stele, and, finally, any 
stereom there may be is developed. Differentiation is very muen 
more rapid- i <j., the tissues are coniiihstoly formed much nearer 
to the afsix than is the case in the stem. This is owing to the 
elongating region (in which protoxylem and pi'otophloem alone 
are differentiated) being very much shorter than in the stem. 
The root hairs grow out from the cells of the piliferous layer 
immediately behind the elongating region. 

The branches of the stem arise by multiplication of the cells of 
the ejiidormis and cortex at a given spot, giving rise to a pro- 
tuberance, at the end of W'hich an apieal mciistem is established. 
The vascular system is connected in various ways with that of the 
parent a\is by the diHbrcntiation of bundle-connexions across the 
cortex of th(? latter. Thia is known as cjroyenoua branch-forma- 
tion. In the root, on the other hand, the origin of branches is 
endogentma. The colls of the poricycle, usually opposite a proto- 
xylem strand, divide tangentially and give rise to a new grow'- 
ing-])oint. The new root thus laid down burrows through the 
cortev of the motlier-root and finally emerges into the soil. The 
connexions of its stole wuth that of the parent axis are made 
across the perieyelo of the latter. Its cortex is never in con- 
nexion with the cortex of the parent, but w'lth its jierieyclo. 
AdvBiUiiimiB roots, arismg from tne stems, usually take origin in 
the poricycle, but sometimes from otlier parts of the conjunctive. 

In most of tlie (existing Pteridopliytes, in the Mono- 
cotyledons, and in annual plants among the IJicotyledons, 
there is no further growth of much stnictural 
importance in the tissues after differentiation 
from the jirimary moristems. But in nearly all 
})cronnial Dicotyledons, in all dicotyledonous and gymno- 
spermous trees and shrubs, and in fossil Pteridophytes 
l^longing to all the great groups, certain layers of cells 
i*einain merlstematic among the |)ermaneut tissues, or 
after jiassing through a resting stage reacquire meri- 
st?matic proiKjrtios, and give rise to secondary tismes. 
Such meristematic layers are called secondary meristems. 
TJiere are two chief secondary meristems, the cambium and 
the pJiellotjen, The formation of secondary tissues is charac- 
teristic of most woody jilanta, to whatever class they belong. 
Every great group or phylum of vascular jjlants, when it 
has become dominant in the vegetation of the world, has 
l)roduced members with the tree habit arising by the forma- 
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tion of a thick woody trunk, inmost cases by the activity* 
of a cambium. 

The cambium in the typical case, which is by far the most 
frequent, continues the primary differentiation of xylem and 
phloem in the desmogen strand (see above), or arises in the 
resting mesodesm or mesocycle ana adds new (secondary) xylem 
and phloem to the primary tissues. New tangential walls arise 
in the oelle which are the seat of cambial activity, and an initial 
layer of colls is established wliich cuts off tissue mother-cells on 
the inside uid outside, alternately contributing to the xylem and 
the phloem. A tissue-mothor-cell of the xylem may, in the 
most advanced ^pes of Dicotyledons, give rise to — (1 ) a tracheid ; 
(2) a segment of a vessel ; (3) a xylem-flbre ; or (4) a vortical file 
of xylem-parenchjrma cells. In the last case the mother cell 
divides by a number of horizontal walls. A tissne-mother-cell 
of the phloem may give rise to— (1) a segment of a sieve-tube* 
with its companion cell or colls ; (2) a phloem fibre ; (3) a single 
phloem-parenchyma (combiform) coll, or a vertical file of short 
parenchyma colls. At certain points the cambium does not give 
rise to xylem and phloem olomonts, but cuts off cells on both 
sides which elongate radially and divide by horizontal walls. 
When a given initial coll of the cambium has once begun to- 
produce cells of this sort it continues the process, so that a 
radial plate of parenchyma cells is fonned stretching in one 
straight lino through tne xylem and phloem. Such a cell- 
plate is called a medullary ray. It is essentially a living tissue, 
and servos to place all the living colls of the secondary vascular 
tissues in communication. It conducts plastic substances inwards 
from the cortex, and its colls are frequently full of starch, which 
they store in winter. They are accompanied by intercellular 
channels serving for the conduction of oxygen to, and carbon 
dioxide from, the living cells in the interior of the wood, which 
would otherwise bo cut off from the moans of respiration. The 
xylem and phloem parenchyma consist of living cells, funda- 
mentally similar in most respects to the medullary ray cells, 
%\hicb soniotimos replace them altogether. The parenchyma is 
often arranged in tangential bands oetween the layers of sieve - 
tubes and tracheal olomonts. The xylem parench yma is often found 
ill strands associated with the trac,hcal elements. These strands 
are not isolated, but form a connected network through the 
wood. The xylem parenchyma cells are connected, as are the 
medullary ray cells, with the tracheal elements by onc-sideri 
Imrdercd )>its — i.c,, pits with a border on the tracheal clement 
side, and simple on the parenchyma cell side. The fibres are 
frequently found in tangential bauds between similar bands of 
tracheie or siove-tiibos. The fibrous bands are generally formed 
tow'ards the end of the year’s grow'th in thickness. The fibrc.s 
belong to the same morphological category as the parenchyma, 
various transitions being found betw'een them ; thus there may 
bo thm-w'alled cells of the shape of fibres, or ordinary fibres may 
be divided into a number of su|>erpoBed cells. Those intermediate 
cells, like the ordinary )>arenchyma, frequently store starch, and 
the fibres themselves, though usually dead, sometimes retain their 
protoplasm, and may also be used for starch accumulations. The 
yessols and tracheids are very various m size, shape, and structure 
in different plants. They are nearly always aggregated in strands, 
which, like those of the parenchyma, are not isolated, but con- 
nected with one another. In a few cases some of the tracheids have 
very thick walls and reduced cavities, functioning as mechanical 
ratnor than water-conducting elements. All transitions are found 
between such forms and typical tracheids. Those Jibre-traeheids 
are easily confused on suneriicial view w ith the true wood-fibres 
belonging to the parenenymatous system ; but their pits are 
always bordered, though in the extreme type they are reduced to 
mere slits in the wall. The 8iovo-tube.s of the secondary phloem 
usually have very oblique end- walls bearing a low' of sieve-plates , 
plates also occur on the radial side- walls. 

The tissue-elements just described are found only in the more 
complicated secondary vascular tissues of certain Dicotyledons. 
A considerable evolution in complexity can be traced in passing 
from the siiiinlest forms of xylem and phloem found in the 
primary vascular tissues both among Pteridophytu.s and Phan- 
erogams to those highly differentiated types. In the simplest 
condition w^e have merely trachcas and sieve-tubes, respectively 
associated with parenchyma, which in the former case is usually 
amylom, and in the latter consists of protcid colls. This type is 
found in nearly all Pteridophytes and, so far as is known, in 
Cycadofllicos, both in primary and secondary tissue. The stereom 
I is furnished either by cortical colls or by the tracheal elements, in 
a few cases by fibres which are probably homologous with sieve- 
j tubes. Among Gymnosperms tne secondary xylem is similarly 
I simple, consisting of tracheids which act as stereom as well as 
hydrom, and. a little amylom ; W'hile the phloom-parciiohyma 
sometimes undergoes a differontiation, part being developea as 
amylom, jiart as jiroteid colls immediately associated with the 
sieve -tube. In other oases the protcid cells of the secondary 
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phloem do not form part of the phloem-mrenohyma, bnt occupy 
the top and bottom coll-rowe of the medullary rays, the middle 
rows oonsiating of ordinary starchy cells. The top ami bottom 
rows of the xvlem rays are often developed as in*egalarly- 
thickened radially-elonmted tracheids which serve fur the radial 
conduction of water, and communicate with the ordinary tracheids 
of the secondary xylem by large bordered pits. The primary 
vascular tissues of Angiosperms are likewise nearly always simple, 
uonsisting merely of trachoee and sieve-tubes often associated with 
aniylom. A characteristic peculiarity, both in the primary and 
secondary tissue, is that the proteid cells of the phloem are here 
* always sister-cells of the leptoids and arc known as com^mon^ 
cells. In the secondary tissues of Dicotyledons we may nave, as 
already described, considerably more ditforentiation of the colls, 
all the varieties being referable, however, on the one hand to tlie 
tracheal or sieve-tube type, on the other to the iiarenchynia tyi>e. 
The main feature is the development of special vascular stereom 
and storage tissue. In some eases special secreting tissues, rosin 
ducts, oil glands, laticiforous tissue, crystal sacs, Ac., may be 
developed among the ordinary secondary vascular elements. 

The limit of each year's increment of secondary wood, in those 
plants whose yearly activity is interrupted by a regular winter 
or dry season, is marked by a more or less distinct 
Annumi lino, which is produced by the sharp contrast between 
singM* the wood formed in the late summer of one year 
(characterized by the s^iarsenoss or small diameter of 
the tracheal elements, or by the preponderance of fibres, or by 
a combination of these characters, giving a denseness to the woocT) 
and the loose spring wood of the next year, with its absence of 
fibres, or its numerous largo tracheso. The abundance of water- 
conducting channels is in relation to the need for a large and 
rapid supply of water to the uniolding leaves in the spnng and 
early summer. In Qyiiinospeniis, where vessels and fibres are 
absent, the late suuimor wood is composed of radially iiariow 
tiuck-wallod trac'hcids, the wood of the succeedmg sprmg being 
wide-celled and thm-walled, so that the limit of the year's giowth 
is very well marked. The older woo<l of a large tree formmg a 
cylmdcr in the centre of the trunk frequently undergoes marked 
changes in character. The livmg elements die, and the walls of 
all the cells often become hardened, owing to the deposit in them 
of special substances. Wood thus aiteied is known as heart-wood, 
or duramen^ as distinguished from the young sap-wood, or aWur^ 
nuin, which, forming a cylinder ne.\t the cambium, remains alive 
and carries on the active functions of the xylom, |>articularly the 
conduction of water. The hcai’t-wood ceases to be of any use to 
the tree except as a support, hut owmg to its dryness and hard- 
ness it alone la of niucli use for industrial purposes. The great 
hardness of teak is due to the silica deposited in the heart- wood, 
and the special colouring matters oi various woods, such as 
yellow wood, ebony, &e., are confined to the heart- wood In 

some cases the lioart-wood, instead of becoming specially hard, 
remains soft and easily rots, so that the trunk of the tree fro- 
ciueutly hocomos hollow, as is commonly the case in the wdllow. 
Heart-wood is first formed ft very ditl'erent epochs in the life of a 
tree, according to the species — e.g., after fifteen to twenty years in 
the oak, forty years in the asli, etc. 

In many annual plants no cambium is formed at all, and the 
same is true of most pcreniiial Ptoridophytes and Mouocotyicdous. 

When the vascular tissue of such plants is arranged 
Cambium in separate bundles these are said to be closed. The 
luMtema. bundles of plants which form cambium arc, on the 
contrary, called open. In stems w'ltli open bundles 
the formation of cambiura and secondary tissue may be confined 
to tliese, when it is said to he entirely /oscicu/ar. In that cose 
cither very little secondary tissue is formed, as m the gourds, 
some KanunculaceK), Ac., or a considerable amount may be pro- 
duced (clematis, barberry, ivy). In the latter event the colls of 
the primary rays arc either merely stretclied radially, or they 
divme to keep jiaco with the growth of the bundles. If this 
division occurs by means of a localized secondary monstem con- 
necting the cambial layers of adjacent bundles, an itUc^ascieular 
is formed in addition to the fascicular cambium. The inter- 
fascicular cambium may form nothing but parenchymatous tissue, 
producing merely continuations of the primary rays. Such rays 
are usually broader and more conspicucuis than the secondary rays 
formed within the wedges of wood opposite the jirimary bundles, 
and are distinguished as princijjml rays from these narrower suh- 
ordinate or fascicular rays, This is the typical case in most 
trees where the primary bundles are close together. Whore the 
primary bundles are fartlior apart, so that the primary rays are 
wider, ^ the interfascicular cambium may form several fairly brood 
(principal) secondary rays m continuation of certain radial bands 
of the primary ray, and between these, wedges of secondary xylom 
and phloem : or, finally, secondary xylem and pliloem may bo 
fonued by the whole cironmference of the cambium, fascicular and 
interfascicular alike, interrupted only by narrow secondary rays, 
which have no relation to the primary ones. 


In a good many cases, sornetimes in isolated genera or species, 
sometimes characteristic of whole families, so-called anomalous 
cambial layers are tormed in the stern, either as an extension of, 
or in odaitiou to, the original cambial cyhuder. They are 
frequently associated w'ith irregularities in tiie activity of the 
ori^ual cambium. Irregularity of cambium occiiis in various 
families of woody dicotyledonous plants, mostly among the woody 
climbers, known as liancs^ characteristic of tropical and huli- 
tropical forests. In the simplest cases the cambium t>rixluceH 
xylem more freely along certain tracts of the circumfeienco than 
along others, so that the stem loses its original cylindrical form 
andhecomes elliptical or lohed in section In otheis tlie second- 
ary phloem is productnl more abundantly in those places w here 
the xylem is deficient, so that the stem remains cylindri<‘al in 
section, the phloem occupying the bays left in the xylom mass, 
Soiuetimes in such eases the cambium ceases to be active round 
these bays and joins across the outside of the bay, where it 
resumr^s its normal activity, thus isolating a phloem lake, or, as 
it is usually called, a phloem island, in the midst of the xylom. 
Tlie significance of these phenomena, which present many mmui 
modifications in different cases, is not fully understood ; but one 
purpose of the formation of phloem pinnionlorios and islands 
seems to be the protection of the sieve-tubes fiom crushing by the 
often consirlerable peripheral pressure that is exercised on the 
stems of these lianos. Some t lines the original cambial ring is 
broken into several arcs, each of w'hicli is complclod intt) an inde- 
pendent circle, so that several independent st'tondary vascular 
cylindcis arc formed. The formation of addiiional cambial 
cylinders or bands occurs m the nu).st \aiitius families of Dicoty- 
ledons ami in some (Tymnosperms. Tiny may arise iti the 
])ericyolc or eiidoeycle of the stele, in the cortex of' the stem, or in 
tlio parenehyma of the secondary xylem or ]»hi4>em. Tin* activity 
of the new cambium is often associated with tlie stopj»agc of the 
original one. Sometimes the activity of the sulci asivc cambiums 
simply results in the formation of coni'cntnc iiiigs or arcs of 
secondary xylem and phloem In oLhci cases a most intricate 
arrangement of secondary tissue masses is i)Toduced, (piite impos- 
sible to interpret unless all stages of their development have 
been follow ed. Sometimes in lianes the whole stern bn aks up into 
separate woody stiands, often twisted like the strands of a rope, 
and running into one another at intervals. An ordinal y cam- 
bium is scarcely ever found in the Monocotyledons, but m certain 
woody forms a secondary luerisLem is formed outside the primary 
bundle.*}, and gives rise externally to a little secondary coriov, ami 
internally to a secondary parenchyma in wdiich are developed 
numerous zones of additional bundles, usually of concentric strue- 
lure, with phloem surrounded by xylem. 

The camluum in the root, wfiieh is found generally ai those 
])lantB which possuss a cambium m the stem, always begins in 
ill© conjunctive tissue internal to the pi unary _ . 

phloems, and forms new (secondary) phloem in 
contact with the primary, and sccomlary xylem ‘‘ 

internally. In roots which thicken but slightly, whose 
cambium usually a}»peat8 late, it is contincd to those regions. 
If the development of secondary tissues is to proceed furthei, 
arcs of cambium arc formed m the peneyclo external to the 
primary xylems, and the two sets of cambial arcs loin, forming 
a continuous, w'avy lino on transvei’so section, with bays oppo- 
site the primary phloems and promontories opposite the {irimaiy 
xylems. Owing to the resistance ollored by tnc hard first-formed 
secondary xylem, the hays are pushed outwards as growth ])ro- 
ceeds, and the w^avy line becomes a circle. Opposite the pnmaiy 
xylems, tlie cambium either (a) forms parenchyma on botli sides, 
making a broad, secondary (principal) ray, wnich mteirupts the 
\a8cular ring and is divided at its inner extremity by the islet of 
jinmary xylem ; or (6) iurnis secondary xylem and juiloem in the 
ordinary way, completing tlie vascular ring. In either case, 
narrow, secondary rays are foniied at intervals, just as iu the 
stem, 'ihus the structure of an old thickened root a]ipro.\iinates 
to tliat of an old thickened stem, and so far as the vascular tissue 
is concerned can often only ho distinguished fiom the latter by 
the position and orientation of the primary xylems. The cambium 
of the primary root, together with the tissues which it foniis, is 
always directly continuous with that of the primary .stem, just id 
the same way as the tissues of the primary stele. The .so-called 
anomalous cambiums iu roots follow the same lines as those o( 
the stem. 

In nearly all plants which jiroduee sceoiidaiy vascular tissues 
by moans of a cambium there is another layer of secondary 
moristem arising externally to, but m quite the 
samo fashion as, the cambium, and producing ^ 

like the latter an external and an internal second- patiderm. 
ary tissue. This is the phtllogen, and the whole of 
the tissue it gives rise to is known us periderm. The phellogen 
derives its name from the fact that its external product is the 
characteristio tissue known as cork. Tins consists typically of 
closely • fitting layers of cells with completely siiberized walls, 
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intended to replace the epidermis as the external protective layer 
of the p!ant wnen the latter, incapable as it is of further growth 
after its original formation, is broKon and cast off by the increase 
in thickness of the stem through the activity of the cambium. 
Cork is also formed similarly in tne root after tue latter has passed 
through its primary stage as an absorptive organ, and has its struc- 
ture aHsimilated to that of tlie stem. Tile internal tissue formed 
by the phollogen is kno\%n as phelloderm^ anrl consists usually of 
ordinary parenchyma. The phollogen may arise, in the first place, 
in any tissue of the a\is external to the actual vascular tissues — 
t.c., in the e])idoniiis itself (rarely), in any layer of the cortex, 
or in the poricycle. Its most usual seat of origin in the stem is 
the o\'t<Tiial layer of the cortex immediately below the epidermis ; 
in the root, the ))ericyclo. All the tissues external to the cork 
are cast off by the plant. The extent of development of the 
]>hollodcrm is uejiendent upon whether the phellogen has a super- 
ficial or a deep-seated origin. In the former case the formation of 
]ih(5llorlerm is trivial in amount ; in the latter, considerable, since 
this tissue has to repla(>e the cast-off cortex, as a metabolic and 
particularly a strfrage tissue. Provision is mode for guaeous 
interchange between the internal tissues and the external air 
after the formation of cork, by the dovolopment of Uniiuls, 
'I'hoHO are special organs which interrupt the continuity of the 
impermeable layer of ordinary cork-cells. A lenticel is formed by 
the jfhellogcn at a given spot dividing very actively and giving 
use to a loose tissue of rounded colls which soon lose their con- 
t< 3 nts, and between which air can puss to the tissues below. A 
loiiticel a]jpear 8 to the naked eye as a rounded (»r elongated sear, 
often forming a distinct promiiionco on the surface of the organ. 
The lenticols of the stem aro usually formed beneath stomata, 
w hose function they take up after the stomata have been rupturefl 
and east off with the rest of the epulermis. Both cork and 
phellnderm may be differentiated in various ways. The former 
oiteii has its eeus lignified, niid may consist of alternate layers of 
hard and soft cells. The latter may develop storooin, and may 
also bo tlie seat of origin of new formations of various kinds-— c. < 7 ., 
supplementary vascular bundles, anomalous cambial zones, etc. 
It is often cuonuously developed and forms a very important 
tissue ill roots. In the stem of a tree the original ]»ho] logon is 
replaced by successive new phollogoiiiG layers of deejier and deeper 
origin, each forming its own layer of cork. Kvcntually the new 
phellogetis reacli the level of the secondary ))hb»em, and aro formed 
III the ))areiicliyma of the latter, kee]iiug ]iaco in their inw^ard 
marcli with the formation of fVesh secondary phloem by the cam- 
liiiiriu Thu (‘oiiiplcx system of dead and dying tissues cut off by 
these successive periderms, together with tlie latter themselves - 
ill fact, everytliiiig outside ino innermost phellogon, constitutes 
what is often known botanically as tlie harl of the tree. 
tulonie is, however, a preferable term, as the word bark has long 
been establislied 111 ]»opular usage to mean all the tissue that can 
easily bo peeled off— /.r , everything down to the wood of the tree. 
Tlie roiigli surface of the bark of many trees is duo to the succes- 
sive phellogens not arising in regular conoontnc zones, Imt forming 
ill arcs w'hmh join with the earlier-formed ares, and thus causing 
the hark to come off m flakes or thick chunks. A layer of cork 
is regularly formed in most Phaiierngams across the base of the 
petiole before leaf fall, so as to cover the wound caused by the 
separation of tlie leaf from the stem. Special “wound cork” is 
also often formed round accidental iniunes so us to prevent the 
rotting of the tissues by the soaking 111 of rtiiii and tiie entrance 
of fungal spores ami bacteria. A ju'ciiliar luodiiicatiou of peri- 
derm is formed by the ])hellogen iii the submerged organs (roots 
or stems) of many aipiatic or marsh -loving plants. This may 
lake various forms and may cover the wdiole of the organ or be 
loeali/ed in special regions ; but its cells are ahva^ living and 
aro H ‘parated by very largo intercellular spaces This tissue is 
called aervtii'kymt and no doubt its function is to taeiiitato the 
rospiiation of the organs on which it is formed and to wdiich the 
access of oxygen is diflicult. In other cases, a similar formation 
of spongy but dead periderm cells may occur for the same juirposo 
111 special patches, called yncinnatvdrHt on the roots of certain 
trees living in marshy places, which nso alwve the soil m order 
to obtain air. 

History and Ribliography, — The study of plant anatomy was 
begun m the middle of the soventoeiith century as a direct result 
of the coiisiructiou of nueroseopos, w ith which a clear view of the 
structure of plant tissues eoiild bo obtamed. The KngUshman 
(Irow and the Italian Maljughi almost simultaneously published 
illustrated works on the subject, in which they doscribea, for the 
most part very accurately, wdiat they saw with the new instru- 
ments. The subject was practically (lormant for nearly a century 
and a half, largely owing to the dominaneo of classificatory botany 
under the influenoe of Linmeus. It was revived by several German 
workers, nromiiicnt among whom were Treviranus and Link, and | 
later Moldonhawor, as well as by the Frenchman Mirbel, at the | 
beginning of the nineteenth century. The new work largely 
centred round a discussion of the nature and origin of vessels. 
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conspicuous features in plant tissues which a^uired an import- 
ance quite out of proportion to their real place in the construction 
of the vascular plant. The whole of the writings of this time 
aro dominated by a preoccupation with the functions of the dif- 
ferent tissues, in itsmf an excellent stand {loint for investigation, 
but frequently leading in the case of these early investigators 
to one-sided and distorted views of the facts of structure. The 
pioneer of modem plant anatomy was Hugo von Mohl (fl. 1840), 
who carefully investigated and described the facts of anatomical 
structure without attempting to fit them into preconceived views 
of their meaning. He prooiiced a solid body of accurately de- 
scribed facts which has formed the secure groundwork of sub- 
sequent advance. From Mohl down to the eighth decade of 
the century the study of anatomy was entirely in the hands 
of a group of German investigators, prominent in which are 
the names of several of the most eminent founders of modern 
scientific botany — such, for instance, as Kagoli, Sanio, and Do 
Bary. To the first we owe the secure foundation of our knowledge 
of tne structure and course of the vascular strands of the higher 

S lants (“ Ueber den Bau uud die Auordnung der Gefasabiiudel boi 
en Stamm und Wurzel der Phanerogamen,” Reitrage zur Wissen^ 
schaftliclien Bolanik, Heft i., Leipzig, 1859) ; to the second the 
establishment of the sound morphological doctrine of the central 
cylinder of the axis as the starting-point for the consideration of 
the general arrangement of the tissues, aod the first clear distinc- 
tion between primary and secondary tissues {BotaimcJu Beitung, 
1861 and 1863) ; to tlio last the putting together of the facts of 
plant anatomy known up to the middle of the eighth decade of 
the century in that colossal encyclopoBdia of plant anatomy, the 
yergleiefiende Anatomic der Vegetationsorgane hei den Fliancro- 
gamen und Fame^i, Stuttgart, 1876. (English translation : Com'- 
parative Anatomy of tits Vegetaiive Organs of the Bhunerogams and 
Ferns, Oxford, 1882.) In 1870-71, Van Tieghem published his 
great work, “Sur la Racine,” Ann, Sci, Nat, Bot, Paris. This 
was not only in itself an important contribution to plant anatomy, 
but served as the starting-point of a series of research os by Van 
Tieghem and his pujuls, which have considerably advanced our 
knowledge of the details of histology, and also culminated in the 
foundation of the doctrine of the stele (Van Tieghem and Douliot, 
“Sur la Polystclio,” Ann, Bci, Nat, Bot, 1887 ; Von Tieghem, 
Traxii de Botanique, 2nd od. Paris, 1889-91), which has liad a 
most important ottbot on the development in recent years of 
morphological anatomy. In the progress of the last quarter 
of a century, since the publication of I)e Bary’s great work, 
four main lines of advance can be distinguished. First, the 
knowledge of the details of histology has of course advanced 
greatly in every direction Ihioiigh the ceaseless activity of 
very numerous, but mainly German, workers, though no fiiiida- 
montally new types of tissue have bet*n discovered. Secondly, 
the histology oi fossil plants, particulaily woody plants of the 
carboniferous jicriod, has been ^ placed on a sound basis, as- 
similated with general histological doctrine, and has consider- 
ably enlarged our conceptions of plant anatomy as a uholo, 
though again without revealing any entirely new types of struc- 
ture. This branch of the subject, founded by Coraa, Gbppert, 
Steuzel and others m (ionnany, was enormously advancca by 
Williamson’s work on tlio Coal Measures plants, recorded in the 
maguifieent series of monioirs, “Researches on the Organization 
of Fossil Plants of the Coal Measures,” Phil, Trans, Roy. Boc. 
1 . -xix., 1871-93. The work of Sol ms Laubach in Germany, Renault 
and Bertrand in France, and 111 quite recent years, of Zeiller 
in Franco, and Scott and Seward m England, has advanced our 
knowledge of the analuiuy of fossil plants m an important degree. 
While convincing us that the plants of past ages in the earth's 
history wore ox[)osod to very similar conditions of life, and made 
very much the same adajitivo responses as their modern repro- 
Huntativus, one of the mam results of this line of work has boon 
to reveal imjxirtant data enabling us to fill various gaps in our 
morphological knowledge and to obtam a more complete picture 
of the evolution of tissues in the vascular tilanls. One of the 
most striking incidents in the progress has boon the recognition 
within the last few years of the existence of an extinct group of 
plants lying on the borderland between Ferns and Gymnosperms, 
and knowm as the Cycadofiliccs, a group in whicli, curiously 
enough, the reproductive organs liavo not yet been discovered, but 
the anatomy of whose menibeis affords sufllcient evidence of their 
true affinities. Thirdly, wo have to record very considerable 
progress in our knowledge of that distinctively morphological 
anatomy to w'hioh reference was made in the introduction to this 
article. The Russian plant-anatomist, Russow, may be said to 
have founded the consiaeration of plant tissues from the point of 
view of descent ( Vergleichende Untersuchungen Uher die LeitbilndeU 
kryptogamen, St Petersburg, 1872; and Betraehtungen Uber 
LcithUndel und Grundgewehe, Dorpat, 1875). He has been ably 
followed by Strasburger (Ueher den Bau und die Verriehtungen 
der J^eitungehaJinen xn den Pflawun, Jena, 1891), Haborlandt 
and others. The explicit adoption of this ])oint of view has hod 



ANAZARBA — ANCHOR 419 


the effect of oleerinff up and rendering definite the older morpho- 
logical doctrines, which for the most part had no fixed criterion 
by which they could be tested. This has been couKpicnoiisly the 
case with regard to Van Tieghem's famous doctrine of the 
wtiich has quite lately been severely criticized from this point of 
view in England and America, where morphological anatomy is 
at the present time being actively pursued by Scott, Gwynne- 
Vaughan, Jeffrey, and others. Fourthly, we have to recom the 


foundation of the modern study of idiysiological anatomy by 
Schwond«mer {Dan incchamselie Frineip tm JJau der Muiiocottflen, 
1874, and other W'orks), followed by numerous pupils and others, 
I among whom Haborlandt (Physiologtsche Pflanzm-Anatomu, 
zig, 1st od. 1884, 2ud ed. 1896, and other works) is iirC'Cmineiit. 
The pursuit of this study has not only thrown valuable light on 
the economy of the plant as a whole, but forms an indispensable 
condition of the advance of morphological anatomy. 

(a. G. T.) 


Anazarba, AnmarhuBy or Ccbaarea ad Anazarlmm^ 
the metropolis of Cilicia Secunda, situated N.E. of Adana 
in the rich Cilician plain at the foot of an isolated ridgt» 
of rock upon which stood its acroixilis. In the 12tli 
century it was for a time the capital of Lesser Armenia, 
and its ruins are striking and interesting. 



AnCAChSf a coast department of central Peru, with 
an area of 16,562 square miles, and a population officially 
estimated at 428,703. It embraces seven provinces, Santa, 
with the town of Santa (population, 3000) ; 1‘allasca, with 
the town of Samauco (2000) ; Pomabamba, with the town 
of Huaniiey (1500) ; Iluaraz, with the town of Huaraz 
(8000) ; Huaylas, with the town of Huaylas (6000) ; Iluari, 
and Cajartambo. In the sierra are the important towns of 
Caraz (6000) and Carhuaz (5000). 

Anchor^ the instrument which, secured to a ship by 
a cable, enables her to ride in safety, and therefore forms 
one of the most important articles in the vessel’s equip- 
ment. Until the beginning of the 19th century anchors 

were of imiiorfect 
manufacture, the 
means of effecting 
good and efficient 
welding being ab- 
sent and the iron 
poor, whilst the 
arms, being straight, 
generally parted at 
the crown, when 
weighing from good 
holding ground. 
Mr Penng in the 
early pirt of the 
century introduced 
curved arms ; and 
twenty - live years 
later, the Admiralty anchor, under the direction of the 
Board, was supplied to H.M. ships, followed by Lieutenant 
{afterwards Cap- 
tain) Rodger’s 
anchor, with well- 
formed arms, 
shank, and crown, 
the points or pees 
to the palm being 
blunt. This anchor 
had an excellent 
reputation amongst 
nautical men of 
that period. The 
Committee on An- 
chors, appointed by 
the Admiralty in 
1852, placed at the 2. -improved Martm-Adelphl Anchor, 

head of the list Trotman and Rodger’s anchors. In the 
former a great departure from previous anchors was made, 
the arms in one piece pivoted on a bolt through a fork- 
shaped shank ; later came the self-canting and close-stowing 



Fig. l.->-linpruved Martin Anchor. 



Martin anchor, which, passing through successive; improve- 
ments in design and manufacture, is largely used in the 
Royal Navy and mercantile marine. 

The improved Martin anchor (Nig, 1) is made of forged 
iron ; a projectiem in the centre of the ams w'orks in a 
recess at the heel of the shank ; the arms when in position 
are secured by side plates close to tlic heel of the shank ; 
the vacancies outside the 
shank are filled by blocks 
bolted through on each side 
and are fiush with the side 
plates, the latter keeping 
the flukes in position. Th(5 
introduction of cast-st(‘el in 
1894 led to the improved Fio 3 —Uaiu sto(kU»K Anchor. 
Martin - Adelphi jiattern 

(Fig. 2). The crowm and arms are cast in one, and, 
with the stock, are made of cast-steel, the shank remain- 
ing of forged iron; a projection in the crown works 
in a recess (low^er Fig, 2), secured bi its place by a forged 




Ftn. 8a.-> Hall's Stork1p<«H Anchor stowed. 


steel pin jiassing through crown and heel of shank ; a nut 
with washer is fitted to the jiin. Stockless anchors are ex- 
tensively used in the British mercantile marine and in some 

foreign na\ ies ; their 
advantages are — 
handiness, absence of 
davits, and a clear fore- 
castle for right ahead 
gun fire or for working 
ship. Should ex]>eri- 
ence prove that a 
stockless anchor pos- 
sesses the same hold- 
ing power as a stocked 
one, it will supersede 

Pig. 4.-Rlley’8St>t>ckleM Anchor. 

stockless anchor is shown in Figs. 3 and 3a, and 
Riley’s in Fig. 4. The latter is made in throe pieces 
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— a shank, a fast fluke, and a loose one ; the fast 
fluke has a square end cast on the neck, and is 
passed through the shank, and the loose one is riveted 
and pinned on to the S(juaro end ; a deep vertical rib or 
flange is cast at the back of the flukes, and, together with 
the sto 2 )s on the simnk, serves to tilt the flukes at an angle 
for biking the ground. To stow an anchor in a modern 



1*'io. Anchor Htowed 


man-of-war it ih Jiove up close to the forefoot, and the 
inner end of a ground chain which is stopy)ed and 
secured to the cable will Ixi inside tlie Jiawse 2 )ii)e, whilst 
its outer end is secuied to a balancing (gravity) band, con- 
sisting of an iron stra^) and sha(*kle on the shank of the 
anchor. Jlcfore weighing, the outer end <if the catting 
chain is rove througli an iron leading block on the cat 
davit, iind the iron swivel block (Fig o, AA) at the cat- 



Fiu. ti.— 'Anclioi Htuwiul ill Cock Bill. 

hcNid, and taken in through the hawse j)ii>e ; when the 
inner end of the ground chain is sufficiently inboard, the 
ground and chitting chains are joined and the latter brought 
to the capstan, and the anchor hoisted up horizontally and 
jilaccd by the cat davit, which jiivots at its base (Fig. 5, 
IJ) on the bill-board, and secured by chains ; an end of 
each chain passing over a rod with lever for letting go ; 


additional chains are employed for securing at sea. For 
right ahead Are and for sea, the cat davit hinged 
(Fig. 5, B) is stowed in ^losition indicated by the dotted 
lino (Fig. 5, C). Ground and catting chains are being 
superseded in some sliips by a wire ^lendant and cat hook, 
the anchor being hove close up to the hawse jiipe. To 
avoid cutting away a portion of the forecastle, anchors are 
stowed k Cock Bill (Fig. 6), the crowns i*esting on iron 
shoes secured to the sh4>'8 side, the flukes being fore and 
aft; the cat -heads are short. To let go, the securing 
chains are cleared away, except the shank iiainters, which are 
freed by the rod A, actuated by the lever B ; additional 
securing chains and bolts (EK and EE) are used for sea. 
A difliculty is ex|)enenced in stowing the anchor when 
pitching or rolling heavily. Fig. 7 illustrates an anchor 



7. Anclior (.'mao, 

with cat davit or anchor crane used in the P. tir G. S. N. 
Company steamers (“ India class 8000 tons ”) ; for sea the 
anchor is stowed inboard by the anchor crane. The equi[)- 
meiit of anchors for this class is : bowsers — two llodger^s 
box stocked 58 cwt. and two Hall’s stockless 66 cwt. ; stream 
— one Hall’s 28 cwt. ; kedges — one Martin, 13 J cwt., two 
Martin, 8 cwt., and one Martin, 6 cwt. Stem, stream, and 
kedge anchors are usually stowed by sjjecial davits. A 
portable anchor suitable for small yachts is the invention of 
Mr jA)uis Moore ; thcj shank |nts8es through the crown of the 
anchor like the handle of a jiickaxe, and the stock over the 
head of the shank ; at the end of tlie stock are loose jjawls ; 
there are no keys or bolts, and the only fastening is for 
the cable ; the anchor takes to iiieces readily and stows 
snugly. Ill 1890 Colonel Bucknill 
also invented a ])ortable anchor for 
small yachts. Iron buoy sinkers 
(Fig. 8) used by the Trinity House 
Cor|)oration are from 8 to 40 cwt. ; 

the BIHScified weight is cast on them S. - l, on Huoy sinker. 
HI large raised figures ; the cast and 
wrought iron used is of special quality ; 8ainj)le8 arc pro 
viously submitted to the enginecr-in-chief. 

The tests for anchors supplied to H.M. shii^s are in tons 
pro|K)rtionate to their weights in cwts. ; new ancliors are 
8ui>plied by oontractors, but rLqiairs afterwards are made 
in H.M. dockyards, and by stamping a record is kejit on 
the anchor of its repairs. In “Anchors and Cables Act, 
1899,” a list is given of authorized testing establishments, 
with their distinctive marks and charges, and testing houses 
for foreign-owned vessels are in table 22 of Lloyd’s 
Reguiter of British and Foreign Shipping, Cast-steel 
anchors, in addition to the statutory tests, arc subjected to- 
percussive, hammering, and bending tests, and are stamped 
“annealed steel.” (j. w. D.) 

Anchovy {Engraulis cricrasicholus)^ a fish of the 
herring fatuily, easily distinguished by its deeply cleft 
mouth, the angle of the gajje ^ing behind the eyes. The 
pointed snout extends beyond the lower jaw. The fish 
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resembles a sprat in having a forked tail and a single 
dorsal fin, but the body is round and slender. The maxi- 
mum length is 8^ inches. Anchovies are abundant in the 
Mediterranean, and are regularly caught on the coasts of 
Sicily, Italy, France, and Sjiain. The range of the si^ecios 
also extends along the Atlantic coast of Europe to the south 
of N orway. In winter it is common oif Devon and Cornwall, 
but has not hitherto been caught in such numbers as to 
• be of commercial importance. Off the coast of Holland 
in summer it is more })lontiful, entering the Zuyder Zee in 
such numbers as to give rise to a regular and valuable 
fishery. It is also taken in the estuary of the Scheldt. 
There is reason to believe that the anchovies fountl at 
the western end of the English Channel in November and 
December are those which annually migrate from the 
Zuyder Zoo and Scheldt in autumn, returning thither in 
the following spring; they must be held to form an 
isolated stock, for none come up from the south in 
summer to occupy the English Channel, though the species 
is resident on the coast of Portugal. The explanation 
appeals to be that the shallow and land-locked waters of 
the Zuyder Zee, as well as the sea on the J3utch coast, be- 
come raised to a higher temperature in summer than any 
])art of the sea about the British coasts, and that therefore 
anchovies are able to spawn and maintain their numbers 
in these waters. Their reproduction and development were 
first described by a Dutch naturalist from observations 
made on the shores of the Zuyder Zee. Spawning takt‘8 
phice in June and July, and the eggs, like those of the 
majority of marine fishes, are buoyant and trarisiiarcnt, 
but they are peculiar in having an elongated, stiusage-like 
shii[)e, instead of being globular. They resemble those of 
the sprat and pilchard in having a segmented yolk, and 
there is no oil globule. The larva is hatched two or three 
days after the fertilization of the egg, and is very minute 
and transparent; its further develoiiment has not been 
traced. In August young siiecimcus 1 ^ to 3 J inches in 
length have been taken in the Zuyder Zee, and these must 
be held to have been derived from the spawning of the 
Iirovious summer. There is no evidence to decide the 
question whether all the young anchovies as well as the 
adults leave the Zuyder Zcmj in autumn, but, consider- 
ing the winter temj^erature there, it is probable that 
they do. The eggs have also been obtained from the 
Bay of Naples, and near Marseilles, also off the coast 
of Holland, and once at least off the coast of Lancashire. 
Tlio occurrence of anchovies in the English Chiinnel has 
been carefully studied at the laboratory of the Marine 
Biological Association at Plymouth, They were most 
abundant in 1889 and 1890. In the former year con- 
siderable numbers were taken off Dover in drift nets of 
small mesh, used for the capture of sprats. In the follow- 
ing December large numbers were taken together with 
sprats at Tonjiiay. In November 1890 a thousand of the 
fish were obtained in two days from the pilchard lioats 
fishing near Plymouth ; these were caught near the Eddy- 
stone. When taken in British waters anchovies arc either 
thrown away, or sent to the market fresh with the sprats. 
If salted in the proper way, they would doubtless be in all 
respects equal to Dutch anchovies, if not to those im])orted 
from Italy. The sup]ily, however, is small and inconstant, 
and for this reason English fish-curers have not learnt the 
proper way of preparing them. The so-called “ Norwegian 
anchovies imported into England in little wooden kegs 
are nothing but sjirats pickled in brine with bay-leaves 
and whole pepper. (j. t. c.) 

Ancon one of the sixty -nine provinces of the 
kingdom of Italy, bounded on the N. by the Province 
of Pesaro-Urbino ; on the W. by Pesaro-Urbino and 
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Umbria; on the S. by the Province of Macerata; and 
on the E. by the Adriatic Sea. It has an area of 78H 
square miles and a population of (1901) 302,460. Owing 
largely to the mezzadria or metayer system, under wliicli 
piquets are equally divided between the owners and the 
cultivators of the land, the soil is highly cultivated ; and 
through the abundant harvests the people enjoy grt'ater 
pros^jerity than in most of the other jirovinces. Fo>\l.s 
are largely exported to England. The silk cultivation pro.- 
vides occiqiation for the urban pojmlation, and several 
small cities, like Opino, Jesi, and (^hiaravalle, dcpeml 
almost entirely upon this industry. Another imjmrtaiit 
branch of activity is the paper industry. Chiaravalle 
possesses one of the largest toWco factories of tlio Italian 
Regie. Limestone quarries and sulphur mines supply 
building stone and snljihur to the regions of Central 
Italy. The Adriatic shore and the adjacent districts 
provide the wealthy with favourite summer resorts. As 
regards maritime trade the province possesses facilities in 
the port of Ancona, the canal port of Sinigaglia, and other 
smaller harbours chiefly used by fishing boats. Fishing is 
carried on by the entire coast population, which furnislies 
a large contingent of sailors to the Italian navy. The 
character of the country population is quiet and |K‘aceable. 
All are fervent Homan Catholics. 

AnCOn&f an Italian city, cajatul of the ]tinvincc 
of the same name, jileasaiitly situated upon the Adriatic 
about 124 miles from Bologna and more than 186 miles 
from Home. The extensive works undertaken ]>y tlu‘ 
Italian Government in order to enlarge tlie fortifications 
and to purify some quarters of the city have considerably 
changed its asjiect, which is now rendered more pl(*asing 
by wide streets and esplanades. The Gothic facade of 
the cathedral is among the most beautiful in Italy. 
There is a lazzaretto begun by Pope Clement XII. and 
finished by Pius VL, to whom is also due the finest stit*et 
of the city and an arch (Porta Pia), by Vanvitelli. Ilie 
chief monuments are those to (/lenient X 11. and to (favour. 
The municipal palace dates from 1270, and contains a 
valuable picture gallery and library. The Mt-rchants’ 
Guild and the Theatre of the Muses dis])lay exquisite 
workmanship. Several large bathing establishments, thor- 
oughly modernized, are thronged by visitors in the siimnuT 
months. The smaller triumjihal arch erected near tf) that 
in honour of Trajan is dedicated to Pof>e Clement XIV., 
who reconstructed and enlarged the harbour anti declared 
Ancona a free port (it is so no longer) in the 18th century. 
Its two moles and dredging works confer ujion the j»ort 
(which is furnished with a powerful lighthouse) great 
security and a considerable anchorage. There is an arsenal 
and a dotikyard. Numbers of mercantile steamships are 
constnicted, and important commissions are executed for 
the Italian navy every ye-ar. Trade has now regained its 
former volume, and tlm receipts of the Customs Ilouae art‘ 
but little inferior to those of Venice. In 1898 commerce* 
comprised 235,000 tons of seaborne and 32,000 tons of 
land imports ; 48,000 tons of exports by sea and 23,000 
tons by land ; steamers visiting the port, 599 (of wdiicli 
60 were British) ; sailing vessels, 468. Aiiccma is in 
direct steamshi)) communication with the chief European 
countries, as well as with Asia Minor, Tunis, India, and 
South America. The chief manufactures art* metallurgy 
(the arsenal alone employs 2000 workmen), sugar refining 
(1000 workmen), compressed coal, soajimakiiig, tanning, 
and silk-spinning. Though the great majority of the 
jKJople belong to the monarchical jjarty, Ancona is con- 
sidered the headquarters of anarchism. According to Pliny, 
Ancona was founded by the Dorians about 1500 b.c. 
Population (1901), 56,825. 
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Andaman Islands.— Those islands He in the 
Bay of Bengal, 160 miles from Cape Negrais in British 
Burma. The southernmost, Little Andaman (26 miles by 
16), is separated by a passage 31 miles wide from Butland 
Island (11 miles long), which in turn is the southernmost 
of a group of live main islands together forming the Great 
Andaman. North of Rutland Island is South Andaman 
(49 miles), and for 17 miles from the north end, and 
l>ara11el to the east shore of this, runs an island called 
Baratang. Beyond theses again stretch Middle Andaman 
(39 miles), and North Andaman (51 miles). Between the 
North and Middle Andamans lies Austen Strait ; between 
Middle Andaman and the north extremities of South 
Andaman and Baratang, Horafray’s Strait ; Ixjtween South 
Andaman and Baratang, Middle (or Andaman) Strait ; 
and between South Andaman and Rutland Island, 
Macplnsrson’s Strait, the only one of the four navigable by 
o(*ean going vessels. The sea all arouml is most difiicult 
of navigation, but there are a number of safe liarlKiurs 
and anchorages around Great Andaman, and the charts 
generally were much improved by a survey in 1888-89, 
the chart resulting from which is in turn lieing continually 
amended. The whole group was completely surveyed 
topograpliically in 1883-80, when acimrate maps on the 
H(!ale of 2 miles to the inch were ]iroduced. The neigh- 
bfiurhood of Tort Blair was mapped on a scale eight times 
as large. 

(ilealoyif. — Proliminarj’ cxaniinatioiis undertaken by official 
experts have alforded all that is yet known of the geology. Tlio 
sulniiariiio ridgos forming these i8lan<i8 contain niuoli that is 
charactoristio of the Arakau Yonnas and formations common to the 
Nicobars, Sumatra, and the islands off Sumatra. The older rocks 
are probably early Tertiary or late Creta(n‘OUs, but there are no 
fossils to indicate age*. The newer roeks are m the Archipelago 
chiefly and cuiitain radiolarians and foramimicra. A theory of the 
subsideuco of the islands seems establislied ; it ap{H3ars to bo of 
recent origin and signs of its continuance aie to ho found at several 
places. Though lying along a rocogniz«^d subtcrraiieau hue of 
weakness, the islands hav<‘, since the Biitish occupation (1858) at 
least, been entirely free from oartlupiakes of great violence, hut 
sliucks arc felt at moio or less frowuent intervals. Nareondam 
(extinct) and llarrcu Island are volcanoes of the general Suuda 
group. Tlio soa-sholls are not specially distinctive, but the laud- 
shells are more noteworthy. 

Meteoru/nffff. — Rarely affected by a eycloue, though within the 
iiilliieiice of practically every one that blows in the Bay of Bengal, 
the Andamans are of the gimtest iin])ortaiu'e because of the 
accurate information relating to the direction and intensity of 
storms which can hcconimuiiieated fiom them, better than from any 
otlitu* point in the Bay, to the vast amount of sliippiug in this 
part of the Indian Ocean. Trustworthy information, ndso, 
regarding the weather winch may he expected in the north and 
east of India is obtained at the islands, and this proves of the 
ntniost value to the controllers of the great trades dojw-ndeut U|X)ii 
the ram full. A woll-anpoiiited meteorological station lias been 
established at I'ort Blair since 1888. Speaking generally, the 
climate of the Aud.imans themselves may be described as normal 
for tropical islands of similar latitude. Not only does the rainfall 
at one place vary from year to year, hut there is an extraordinary 
ilillereiiee ni the returns for places quite close to one another. The 
ollicial figures in inelms for the station at Port Blair, which is 
siiuiited ill by fai the diiest y>art of tlie settlement, wore ; 
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The moan highest temperature in the shade in 1895 (April) was 
90-r F. ; 111 1897 (April), 94" F. ; in 1899 (March), 91*8“ F. The 
mean lowest toinperatiire m the shade in 1895 (February) was 
>0 9® F ; ill 1897 (January), 72 '.O" F ; in 1899 (February), 
71 2® F. A tidal ubservatoiy has also l»een maintained at Port 
Blair since 1880. 

Furests . — In the forests wliich cover the Groat Andaman the 
timber available for economic purposes is both plentiful and 
varied and the supply is only limited by the difficulty of obtaining 
labour. A section of the general forest department of India has 
been established in the islands, and 156 square miles have been 
formally sot apii t for regular forest o]>erations in the neighbour- 
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hood of Port Blair. There ie, however, no indigenous labour 
whatever, and the working of this area ie entirely carried out by 
the convicts in the jpenal settlement. There is an export trade 
in timber both to Calcutta and to Europe, and the Andaman 
Padouk is so highly valued in European markets ae a substitute 
for mahogany that a spurious imitation known as African Padouk 
has been exploited. Tea is mwn m considerable quantities, and 
the cultivation is under a department of the penal settlement. 
The output in 1895 was 145,208 lb ; in 1897, 121,056 lb ; in 1809, 
164,004 lb. 

Animals , — Of imyiorted animals, cattle, goats, asses, and dogs , 
thrive well ; ponies and horses, indifferently ; sheep, badly, 
though some success has been achieved in breeding them. 

Alwrigmes , — ^The policy of conciliation unremittingly 
pursued for the last forty years has now secured a friendly 
reception for shipwrecked crews at any port of the islands 
except the south and west of Little Andaman and North 
Sentinel Island. The poynilation is not susceptible of 
census, but probably it has always been small. Local 
cxfiert guesses do not now place it higher than from 2500 
to 3500, and though it is commonly asserted that the 
natives are going down before superior civilization, it is 
doubtful whether, except in the immediate neighbourhood 
of the penal settlement, there is as yet any permanent 
cliange in their numbers. Though all descended from one 
stock, there are ten distinct tril)e8 of the Andamanese, 
each with its own clearly defined locality, its own distinct 
variety of the one fundamental language, and to a certain 
extent its own 8e])arate habits. Every trilie is divided 
into septs fairly well defined. The tribal feeling may be 
expressed as friendly within the tribe, courteous to other 
Andamanese if known, hostile to every stranger, 
Andamanese or other. Another division of the natives 
is into Aryauto or long-shore-men, and the Ererrvtaga or 
jungle-dwellers. The habits and ca|>acities of these two 
diflfer, owing to surroundings, irrespectively of tribe. Yet 
again the Andamanese can bo grouped according to certain 
salient characteristics : the forms of the bows and arrows, 
of the canoes, of ornaments and utensils, of tattooing, and 
of language. The average height of males is 4 ft. 10 J in. ; 
of females, 4 ft. 6 in. Being accustomed to gratify every 
sensation as it arises, they endure thirst, hunger, want of 
sleep, and lx)di1y discomfort badly. The skin varies in 
colour from an intense' sheeny black to a reddish-brown on 
the collar-lxines, cheeks, and other {>arts of the body. 
The hair varies from a sooty black to dark and light brown 
and red. It grows in small rings, which give it the 
appeaiauce of growing in tufts, though it is really closely 
and evenly distributed over the whole scalp. The figures 
of the men are muscular and well-formed, and generally 
pleasing ; a straight, well-formed nose and jaw are by ne> 
means rare, and the young men are often distinctly good- 
looking. The only artificial deformity is a dexiressiou of 
the skull, chiefiy among one of the southern tribes, caused 
by the pressure of a strap used for carrying loads. The 
pleasing appearance natural to the men is not a char- 
acteristic of the women, who early have a tendency to 
stoutness and ungain liness of figure, and sometimes to 
pronounced prognathism. They are, however, always 
bright and merry, are under no siiecial social re- 
strictions, and have considerable influence. The women’s 
heads are shaved entirely, and the men’s into fantastic 
patterns. Yellow and reel ochre mixed with grease are 
coarsely smeared over the bodies, grey in coarse patterns, 
and white in fine |)atterns resembling tattoo marks. 
Tattooing is of two distinct varieties. In the south the 
l)ody is. slightly cut by women with small flakes of glass 
or quartz in zigzag or lineal patterns downwards. In 
the north.it is deeply cut by men with pig-arrows in 
lines across the body. The male matures when about 
I fifteen years of age, marries when about twenty-six, begins 
' to age when about forty, and lives on to sixty or sixty-five 
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if he reaches old age. Except as to the marrying age, 
these figures fairly apply to women. Before marriage free 
intercourse between the sexes is the rule, though certain 
conventional precautions are taken to prevent it. Marriages 
rarely produce more than three children, and often none 
at all. Divorce is rare, unfaithfulness aher marriage not 
common, and incest unknown. By preference the 
Andamanese are exogamous as regards sept and endoga- 
• nious as regards tribe. The children are i) 088 eMsed of a 
bright intelligence, which, however, soon reaches its 
climax, and the adult may be compared in this respect 
with the civilized child of ten or twelve. The Andamaneses 
are, indeed, bright and merry companions, busy in tlicir 
own pursuits, keen sportsmen, naturally independent, an<l 
not lustful, but when angered, cruel, jealous, treachc^rous, 
and vindictive, and always unstable — in fact, a people to 
like but not to trust. There is no idea of government, 
but in each sept there is a head, who has attained that 
position by degiees on account of some tacitly admitted 
superiority and commands a limited respect and some 
obedience. The young are deferential to their ciders. 
Offences are punished by the aggrieved party. Pro|)erty 
is communal, and theft is only recognized as to things of 
absolute necessity, such as arrows, pig’s ffesh, and fire. 
Fire is the one thing they are really careful about, not 
knowing how to renew it. A very rude barter exists 
between tribes of the same group in regard to articles not 
locally obtainable. The religion consists of fear of the 
spirits of the wood, the se^, disease, and ancestors, and 
of avoidance of acts traditionally displeasing to them. 
There is neither woi-ship nor propitiation. An anthropo- 
morphic deity, Riluga, is the cimse of all things, but it is 
not necessary to pro])itiate him. There is a vague idea 
that the “ soul ” will go somewhere after death, but there 
is no heaven nor hell, nor idea of a corporeal resurrection. 
There is much faith in dreams, and in the utterances of 
certain “ wise men,” who practisii an embryonic magic and 
witchcraft. The great amusement of the Andamanese is a 
formal night dance, but they are also fond of simple games. 
The bows differ altogether with each group, but the same 
two kinds of arrows are in general use: (1) long and 
ordinary for fishing and other pur]K)ses ; (2) short with a 
detachable head fastened to the shaft by a thimg, which 
quickly brings pigs up sliort when shot in the thick jungle. 
Bark provides material for string, while baskets and mats 
are neatly and stoutly made from canes, and buckets out of 
Ixwnboo and wood. None of the tribes ever ventures out 
of sight of land, and they have no idea of steering by sun 
or stars. Their canoes are simply hollowed out of trunks 
with the adze and in no other way, and it is the smaller 
ones which are outrigged ; they do not last long and are 
not good sea boats, and the story of raids on Car Nicobar, 
out of sight across a stormy and sea-rippled channel, must 
l)e discredited. Honour is shown to an adult when he 
dies, by wrapping him in a cloth and placing him on a 
platform in a tree instead of burying him. At such a 
time the encampment is deserted for three months. The 
Andaman languages are extremely interesting from the 
philological standpoint. They are agglutinative in nature, 
show hardly any signs of syntactical growth, though every 
indication of long etymological growth, give expression to 
only the most direct and the simplest thought, and are 
purely colloquial and wanting in the modifications always 
necessary for communication by writing. The sense is 
largely eked out by manner and action. Mirt^opie is the 
first word in Colebrooke’s vocabulary for ** Andaman 
Island, or native country,” and the term has thus become 
a persistent book -name for the people. It, or some- 
thing like it, was probably one of the tribal names when 
Colebrooko wrote 1 20 years ago, and may be U8t»d now, 
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but this cannot be ascertained. Attempts to civilize the 
Andamanese have met with little success either among 
adults or children. The home established near Tort Blair 
is used as a sort of free asylum which thi* native visits ac- 
cording to his pleasure. The policy of the government 
is to leave the Andamanese alone, while doing wlmt is 
possible to ameliorate their condition. 

Penal SeUlemeni , — ^The point of enduring interest as regaids the 
Andamans is the penal system, the object of which is to turn the 
life-sentence and few long^bentcnce convicts, who alone air smt to 
the settlement, into honest, 8clf-rc8))Octing luon mid wonirn, by 
leading ihcm along a continuous couise of prartire in self lielp and 
Hclf-rostraint, and by oHeriug tbcin every iiiducenient to take 
advantage of that practice. After ten years* graduated labour the 
convict 18 given a ticket-oMcave and heconies sclf-suppuiLing. He 
can farm, keep cattle, and marry or send for his family, but be 
cannot l(‘ave the scttlenieiit or Vie idle. With approved conduct, 
liowever, he iiiny bo aVisulutely released after twenty to twenty-five 
years in the settlement, and tliioughont that time, though 
])ossessiug no civil rights, a qiiasi-judicial ju'occdure controls all 
imnishiueuts inflicted upon him, and he is as secure of obtaining 
justice as if free. There is an unliniiled variety of w'ork Ibr the 
labouring convicts, and some of the establishmeiitK are on a largo 
scale. The general and iiiMrme steam and hand workshoiis 
employ ri74 mmi ; 72,000 burnt bricks are tmned out daily 
during the season ) in building the Cellular Jail some S0,()o0,000 
brieks were used. Very few exports are employed in supei- 
vwion , practically everything is «liicoted by the oniciaU, who 
themselves have first to learn each ti-ade. Umb'i the Chief 
Commissioner, who is the su]»ri‘nie head of the settlement, are a 
deputy and a staff of assistant superintendents and overseers, 
almost all Kuropoans, and sub - overseers, who aie natives of 
India. All the |>etty suporvising establishments art' coin posed 
of convicts. The garrison consists of 140 British and 300 
Indian troops, witli a few local £nrop(>un volunteers. The police 
arc organized as a military battalion 043 strong. The number 
of convicts has somewhat diminished of late years, and in 1900 
stood at something over 11,000. The total population of the 
settlement, consisting of convicts, their guards, the supervising, 
clerical, and departmental staff, with the families of the latter, 
also a certain number of cx-convicts and trading settlors and their 
families, uumbors about 13,000 males and 2u00 iVmales. The 
labouring convicts are distributed among four jails and nineteen 
stations ; the self- supporters in thirty -eight villages. The 
elementary education of the convicts* children is com]mlsory. 
There are four hospitals, each under a resident medical officer, 
under the general supervision of a senior officer of the Indian 
Medical Service, and medical aid is given free to the whole 
}K>pulatioii. The harbour of Port Blair is w'oll supplied with huoy'H 
and harbour lights, and is crossed by ferries at fixed intcivals, 
while there are several launches for hauling local traffic. On Ross 
Island there is a lighthouse visible for iiinoteeii miles. A complete 
system of signalling by night and day on lli(> JMoiso system is 
worked by the police. Local posts ate frequent, but there is no 
telegraph, and the mails are irregular A system of wireless 
telegraphic communication with India is in cuiitemplatinn. In 
1898 there were among the coiivn ts 36 Christians, 2752 
Mahommedans, 6585 Hindus, 1758 Buddhists, and 70 otliers. 
Tlie convict donth-rate w’as 26 per 1000, and 173 wore set free after 
twenty to twenty-five years’ average transportation. 265 children 
attended the school. Of 88 applications lor permission to marry, 
47 were granted. The total receipts (actual cash from timber, ic , 
apart from the value of the convict labour as such) in 1898 
amounted to £36,359, as commred with only £27,826 in 1894, 
but with £50,421 in 1897. Expenditure, on the other liand, in 
1898 amounted to £103,861, as compared witli only £93,963 in 
1894, but with £112,170 in 1897. Thus the net cost to (lovcm- 
meiitin 1898 W'as £67,602; and the net annual cost per coiivie*. 
£6*1. The variation in the amounts for different years is laigcly 
duo to tho fact that tlie forest year docs not -coincide with tl c 
levonue year, and to the great distance from London, wheiii‘«‘ 
{layments are made. 

AlTTH()i 5 lTlK 8 .--Since 1875 there has been extensive rcsearcli 
into the Andamanese and their country. The following books will 
be found to contain most of tho necessary refiTeiiccs. — MAh. 
Aboriginal JnhabitanU of Oie Andawan Jshnids. London. 1883.- 
PoR'»'MAN. History of our JicleUions vnfh the Andamanrsv. Cal 
cutta, Government, 1899 ; Notrs on the of the South 

Andaman Group of Tribes. Calcutta, Government, 1 898 , and Jtecord 
of the Andamanese, xi. v«)Is. MS. India Office, Lomion, and Honn* 
Department, Calcutta. — 1)e Folin. MoUusques dea lies Avdamaw 
Bordeaux, 1879. — Temple. Commercial Valve of Wireless lele^ 
grttphie Communitotion with the Andamaii and Nicolmr Islands. 
Calcutta, 1899. (R. C. T.) 
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AndorlMh^ a town of Belgium, in the province 
of Brabant, 3 miles W. of Brussels, with numerous 
manufactures. It was formerly a part of Brussels, but 
was erected into a separate commune in 1895. Population 
(communal) (1897), 41,862. 

Andenien, Hans Christian (1ho5>1875), 

Danish ]>oet and fabulist, bom at Odense, in Funen, 
on the 2nd of April 1 805. He was the son of a sickly 
young shoemaker f)f twenty- two, and his still younger 
wife : tlie wlnde family lived and slej)t in one little room. 
Andersen very early showed signs of imaginative temjiera- 
nieiit, which was fostered by the indulgence and super- 
stition of his parents. In 1816 the shoemaker died, ami 
the child was left entirely to his own devices. Ho ceased 
to go to school ; he built himself a little toy-theatre, and 
sat at home making clothes for his pu[>j>ets, and reading 
all the plays that ho could borrow ; among them %vere those 
of Hoi berg and Shakespeare. At Easter 1819 he was 
confirmed at the church of St. Kund, Odense, and liegan 
to turn his thoughts to the future. It was thought that 
he was best fitted to be a tailor; but as nothing "was 
^cttlod, and as Andersen wished to be an opera-singer, he 
took matters into his own hand, and started for Copenhagen 
in September 1819. There he was taken for a lunatic, 
snubbed at the theatres, and nearly reduced to starvation, 
but ho was befriended by the musicians Weyso and 
Siboni, and afterwards by the poet Guldberg. His voice 
failed, but he was admitted as a dan(‘ing ])upil at the Iloyal 
'fheatre. He grew idle, and lost the favour of Guldl>erg, 
but a new jiatron appeared in the person of Jonas Collin, 
the director of the Koyal Theatre, who became Andersen’s 
life-luiig friend. King Frederick Yl. was interested in the 
strange boy, and sent him for some years, free of charge, 
to the great grammar-school at Slag(*]se. Before he started 
for schfiol he jmblished his first volume. The Glioat at 
Paltuitoke^s Grave, 1822. Andersim, a very backward and 
unwilling ]m])il, actually remained at Slagelse and at 
another school in Elsinore until 1827 ; these years, he 
says, were the darkest and bitterest in his life. Collin at 
length consented to consulor him educated, and Andersen 
t?amo to Copenhagen. In 1829 lie made a considerable 
success with a fantastic v(»lunie entitled A Jmirmy on Foot 
from Holman* s Cam! to the Faaf Point of d 7aa(f/cr, and he 
publi.sliod in the same season a farce and a book of jjooms. 
Ho thus suddenly came into rc<|U(\st at the moment when 
his friends had dccidcnl that no good thing would overcome 
out of his early oc<*entricity and vivacity. lie made little 
further progress, h(»wever, until 1833, when ho received a 
small travelling stijiend from the king, and made the fiist 
of his long European journeys. At Le Lode, in the .fura, 
he wrote Aynate and the Merman ; and in October 1834 
he arrived in Home. Early in 1835 Andersen’s novel. The 
Improvimtore, apj>eared, and achieved a real success ; the 
poet’s troubles were at an end at last. J n the same year, 1 835, 
the earliest instalment of Andersen’s immortal Fairy Tales 
(Eventyr) was published in (Copenhagen. Other parts, 
completing the. first volume, appeared in 1836 and 1837. 
'riie value of these stoi-ies was not at first perceived, and 
they sold slowly, Andersen was more successful for the 
time being with a novel, 0. T., and a volume of sketches, 
In Sweden ; in 1837 he jiroduced the liest of his romances, 
Only a Fiddler. He now tumed his attention, with but 
(Ephemeral success, to the theatre, but was recalled to his 
true genius in the charming miscellanies of 1840 and 
1842, the Picture-Hook without Pictures, and A Poet*s 
liazaar, Meanw’hile the fame of his Fairy Tales had been 
steadily rising; a second series began in 1838, a third in 
1845. Andersen was now celebrated throughout Eurojie, 
although in Denmark itself there was still some resistance 


to his pretensions. In June 1847 he paid his first visit to 
England, and enjoyed a triumphal social success ; when he 
left, Charles Dickens saw him off from Ramsgate Pier. 
After this Anderson continued to publish much ; he still 
desired to excel as a novelist and a dramatist, which he 
cohld not do, and he still disdained the enchanting Fairy 
Tales, in the composition of which his unique genius lay. 
Nevertheless ho continued to write them, and in 1847 and 
1848 two fresh volumes appeared. After a long silence 
Andersen published in 1857 another romance. To he or not 
to he. In 1863, after a very interesting journey, he issued 
one of the best of his travel-books. In Spain. His Fairy 
Tales continued to apjiear, in instalments, until 1872, 
when, at Christmas, the last stories were published. In 
the spring of that year Andersen had an awkward accident, 
falling out of bod and severely hurting himself. Ho was 
never again quite well, but he lived till the 4th of August 
1875, when he died very peacefully in the house called 
Bolighed, near Copenhagen. (£. G.) 

Anddraonp the capital of Madison county, Indiana, 
U.S. A., situated on the west fork of White river ; a manu- 
facturing city, at the intersection of three railways. 
Population (1900), 20,178. 

AndorSOny the capital of Anderson county. South 
Carolina, TJ.S.A., situated in the western part of the state, 
and surrounded by a fertile region, largely devoted to the 
production of cotton, of which this is a shipping point. 
It has three railways. Population (1900), 5498. 

AndersonyElIxabeth Garrett (1836 ), 

English medical practitioner, daughter of Newson Garrett, 
of Aldeburgh, Suffolk, was born in 1836, and educated at 
home and at a private school. In 1860 she resolved to 
study medicine, an unheard-of thing for a woman in those 
days, and one which was regarded by old-fashioned jieopie 
as almost indecent. Miss Garrett managed to obtain some 
more or less irregular instruction at the Middlesex 
Hospital, Loudon, but was refused admission as a full 
student both there and at many other schools to which she 
applied. Finally she studied anatomy privately at the* 
London Hospital, and with some of the professors at St 
Andrews University, and at the Edinburgh Extra-Mural 
School. She had no less difficulty in gaining a qualifying 
diploma to practise medicine. London University, the 
Royal Colleges of Physicians and Surgeons, and many 
other examiuiiig bodies, refused to admit her to their ex- 
aminations ; but in the end the Society of Apothecariiis, 
London, allowed her to enter for the License of Apothe- 
caries’ Hall, which she obtained in 1865. In 1866 she was 
appointed general medical attendant to St Mary’s Dispens- 
ary, a London institution started to enable poor women to 
obtain medical help from qualified practitioners of their 
own sex. The disjxsnsary soon developed into the New 
Ho8])ital for W<jnien, and there she worked for over 
twenty years. In 1870 she obtained the Paris degree of 
M.T). The same year she was elected to the first London 
School Board, at the head of the poll for Marylebone, and 
was also made one of the visiting physicians of the East 
Loudon Hospital for Children ; but the duties ctf these two 
positions slie found to be incompatible with her principal 
work, and she soon resigned them. In 1871 she married 
Mr J. G. S. Anderson, a shipowner, but did not give up 
practice. She worked steadily at the development of the 
New Hospital, and (from 1874) at the creation of a com- 
plete School of Medicine in London for women. Both in- 
stitutions have since been handsomely and suitably housed 
and equipped, the New Hospital (in the Euston Road) 
being worked entirely by medical women, and the School 
(in Hunter Street, W.C.) having over 200 students, most of 
them prcfiaring for the medical degree of London University, 
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which wa8 oixjned to women in 1877. In 1897 Mra 
Qariett Anderson wa« elected president of the East Anglian 
branch of the British Medical Association. The movement 
for the admi&sion of women to the medical profession, of 
which she was the indefatigable pioneer in England, has 
extended not only to every part of the United Kingdom 
and the British colonies, but to every European country 
except Simin and Turkey. 

Andersonvlllei a village of Sumter couiit>, 
Georgia, U.S.A., on the Central of Georgia railway. 
During the Civil War it was the sites of a Confederate 
prison for Federal soldiers. It is now the site of a 
national cemetery. 

Andes • — The Andes form a continuous cliain of 
mountainous highland along the w'cstern coast of South 
America, which, roughly s|Kjakiug, may be regarded as 
4400 miles long, 100 miles wide in some parts, and of an 
average height of 13,000 feet. The connexion of this 
system with that of the llocky Mountains, which has been 
jiointed out by many writers, has received much support 
from the discovery of the extensive eruptions of granite 
during Tertiary times, extending from the southern 
extremity of South America to Alaska. The Andean 
range is comimsed of two great principal chains with a 
dee]) intermediate depression, in which, and at the sides ot 
the great chains, arise other chains of minor importance, 
the chief of wdiich is that called the Cordillera de la Costa 
of Chile. This starts from the southern extremity of the 
continent, and runs in a northerly direction, iJarallel with 
the coast, being broken up at its commencement into a 
number of islands, and afterwards forming the western 
boundary of the great central valley of CUiiIe. To the 
north this coastal chain continues in small ridges or 
isolated liills along the l^acific as far as Colombia, always 
leaving the same valley more or less visible to the west of 
the western gi’eat ciiaiii. These mountains were the 
objects of important investigations during the last quarter 
of the 19th century. 

Of tlic two principal chains, llic eastern is generally called J^os 
Andes, and the \>cstcni La Cordillera, in Colombia, Peru, and 
llolivia, >vhore it i.s likewise known as Cordillera lUial de Los 
Andes, wliilst to tlic south of parallel S. lat. in Chile and 
Argentina, the western is ealled Cordillera de los Andes. The 
eastern dieijipears in the centre of Argentina, and it is therefore 
only the Cordilh'ra de los Andes that is prolonged as far as the 
south-eastern exti entity of the continent. The Cordillera de la 
Costa begins near Cane llorii, which is composed principally of 
crystalliue rocks, and its heights arc inconsiderable when com 
pared with those of the true Cordillera of the Andes. The latter, 
as regards its main chain, is on the northern coast ot Beagle 
Channel, in Tiorra del Fuego, bounded on the north by the deep 
depression of l^ake Fagiiauu and of Admiralty Sound. Staten 
Island appears to he the trrimuaiiou to the east. The Cordillera 
of the Andes in Tinrra del Fuego is formed of crystalline schists, 
and culminates in tlio snow-capped xioaks ot Mount Darwin and 
Mount Sarnuonto (7200 feet), winch contains glaciers of greater 
extent than those of Mont Blanc. Sir Martin Conway recently 
ascended tlio latter. Tlio extent of the glaciers is considerable 
in tins region, wiiieh, geographically, is more complex than has 
hitherto been supposed. Although, in the e\])lored portion of the 
Fuegian chain, the volcanoes wiiick have been mentioned from 
time to time have not been mot with, there seems to have existed 
to the south, on tlie islands, many neo-voleaiiic rocks, some of 
which appear to be contemporaneous with the basaltic sheet that 
c, overs a part of Kasteru Patagonia. The insular region between 
Mount Sarmiento and the Cordillera de los Andes, properly so 
called, i.e,f that which extends from Magellan Strait norrhuards, 
has not boon explored, and all that is known of it is that it is 
principally coinxiOHed of the same rocks as the Fuegian section, 
and that the greater part of its upper valleys is occupied by glacieis 
that roach down to tne sea amid dense forest. 

As Admiralty Sound and Tjake Fagtiano, the extent of which 
is still unknown, bound the Cordillora to the north in Tierra del 
Fuego, so at the eastern side of the Cordillera in Patagonia there 
is a longitudinal depression which separates the Andes from some 
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independent ridges pertaining to a secondary parallel broken 
chain called pre- Cordillera. This depression is occupied in a 
great part by a series of lakes, some of these hlhiig transversal 
ureaohes in the range, wliilst others are remains of glacial re- 
servoirs, bordered by morainic dams, extending as far as tlu' 
eastern tableland and corresiioiiding in these cases with trails 
versal depressions which reach the Atlantic Ocean. BeUeen Lin* 
larger lakes, fed by the Andiiie glaciers of tin eastern slope of 
the Southern Andes, are Lakes Maravilla, 100 square miles, aiul 
Sarmiento, 26 square miles, 5r S. lat., which overflow into Last 
Hoi>e Inlet ; Argentine, 570 square miles, 50“ S. lat. ; ami 
ViiMlma, 450 square miles, 49“ 30' S. lat., uhicli empty into tin 
river Santa Cruz ; the hordiau Ijake San Martin, 49^8. lat. ; am) 
Lakes Nansen, 18 souare iiiile^ ; Azura, 8 square miles ; ami Be) 
grano, 18 square miles, ultteh are dependants of Lake San Martin 
(380 square miles), and Lakes PucNiiedon (98 square miles) ami 
Buenos Aires (700 square miles), and which now o\prflow 
into the Pacihc, through one of the rcmarkalde inlets that 
are found throughout the Cordilleia, the Cab'ii Inlet, which 
is the largest western fiord of Patagonia. To *the north ot 
Lake Buenos Aires thr*re is Lake Elizalde, which, while .situated 
on the eastern slojie sends its waicis to the Pacific Ocean, ami 
Lakes Fontana (30 square miles) and La Plata (34 square miles), 

•15“ S. lat., which fee«l the river Senguerr, whicli flows to tin* 
Atlantic*. Lake General I’az (66 square* miles) on the eastern 
slope of the Andes, at *14“ S lat., is the princiical source of tin 
Palena river, w*hich cuts all the Coidillera, while Lakes FetalaU' 
uen (20 square miles), Meneiidez (28 sqiiaie miles^ Kivadavia 
10 square miles), and other smaller lakes, also situated bi tween 
43“ 30', and 42“ -fO' S. lat. on the eastern ‘'lope, send their water** 
to the Pacific by the river Fetalenfu, winch cuts tlirough tin* 
Andes by a narrow gorge. The waters of Lake* Pnelo (18 sqiiaie 
miles) likewiso How into the same ocean thiough the iiver of that 
name, which also cuts the C'ordilleia, and ot which the X)riue]X>&l 
afiluont likewise drains the waters of a .system of small lakes, tin* 
largest of which, Lake Maseardi, measures 17 seiuare miles, which 
in comparatively recent times femned pari of the hasm of Lake 
Nahiicf-Huapi (207 B({uare miles), 41“ 8. lat. An extiiiisive area 
of glacial deposits shows tleat a sheet of lee formerly covered the 
whole eastern slope to a great distance from the mounfaius To 
the west another sheet reached at the same time the Pacitu* 
Ocean. 

From the Strait of Magillan to 52“ S. lat., the wt stern 
slope of the Cordillera does not, jaojieily sx»eaking, exist. Ahrujit 
w^atls overlook the Pacilic, and great longitudinal and tiansvcrsal 
channels and fiords run nght through the heart of the range, 
cutting it generally in a diiection more or ]es.s oblique to its axis, 
the result of movements of the caith’s crust. 

The mountains forming the Cordillera between Magellan Stiait 
and 41“ S. lat. are higher than those xircviously mentioned in 
Tierra del Fuego. Gcn(*rally eom|M)sed ot granite, gneiss, and 
Palseozoic rocks, covered in many x>arts by rugged inassis ot 
volcanic origin, their general heiglit is not less than 6500 feel, 
w'hile Mount Geikio is 7500 feet and Mount 8tokes 7100 feet high. 

To the north are Mounts Mayo, 7600 te(*t ; Agassiz, 10,600 ft*et , 
and Fitz Hoy, in 49“ 8. lat., 11,120 feet high Tlic section from 
52“ to 48“ 8. lat. is a continuous lee-cappcd mountain range, 
and some of the glaciers extend from the eastern lakes to the 
western channels, where they leaeli the sea-level The level of 
the lakes commences at 130 feet at Lake Maravilla and gradu- 
ally ascends to near 700 feet at Lake San Martin. Passing the 
breach through whitli l«ake San Martin empties itself into Calen 
Inlet, in 48“ 8. lat., is found a wide oblique ojaniug in the lange, 
through wliich flows the nvei Las Heras, led by Lake Fueyi- 
redon, wdiieh is only 410 ieei above the sea-level to the cast of 
the Andes, while I^ke Buenos Aires, immediately to the north, 

18 710 feet. The Andes continue to he to the west an enoinious 
rugg(*d mass of ice and snow of an average height of 9000 feet, 
sending glaciers to all the eastern fiords. 

Mount San J^oreiiZD, detached from the main ehain in the pre 
Cordillera, is 11,800 feet high. Mount San Valentin, 12,700 feel, 
is the culminating point of the Andes in the region extending 
Iroin 49“ to 46“ 8. lat., wlicro another hi each occurs, that of the 
river Iluomules, wliich is siipxiosed to he the outlet of Lakf 
Elizalde to the east, and is followed by that ol tlie rner Ayseii 
Those two hreaelies have emptied a large system of lakes, which, 
in jire-Olai ml times, oecu})ied the eastern zone, thus forming a 
region suitahh* for colonization in the broad valley.s and liollows, 
where the iivers, as is the case with tlio.se in the uortii, cut 
througli the Aiidc.s by narrow gaps, forniiiig cataracts and rapnls 
lu*+.\ceii the snowy peaks. Vohanic aetion is still going on in 
these latitudes, as the glaciers arc at limes covered by ashes, hut 
the xirt'dominant rocks to the east aic the Tertiary granite, while 
to the v\est gneiss, older granite, and Paheo/oiL* locks pieyail. 
The higlic&t jieaks, however, seem to he of volcanic origin. 
Farther north, up to 41“ S. lat., the water gaps are situated 
at a lesser distance one from tin* other, owing mainly to 

I. ■ - S4 

% 



426 


ANDES 


more rontiiiuoiui erosion, this section of the continent being 
the region of the maximum rainfall on the western coast to the 
south of the equator. Between the gaps of the river Ayseii and 
liver Cisnes or Frias, which also pierces the chain, is found a 
huge mountain mass, in which is situated Mount la Torre, 7150 
feet. These form the coiitiiioiital watershed, but in this region 
tTosion is taking place so rapidly that the day is not far distant 
when Lakes La Vlata and Fontana, situated to the east at a 
height of 3000 feet, and now tributaries of the Atlantic, may 
iiecume trihutarics of the Pacific. Already filtrations from the 
former go to feed western alHuents through the granitic masses. 
To the north of Mount La Torre flows in the river Cisnes, 44” 48' 
8. lat., across another water gap, continuing the range to the 
north with high peaks, as Alto Nevado, 7350 feet, and Cacique, 
7000 feet. The glaciers rea 'h almost the western channels, as is 
llio case at river Quelal. The ncirthorn glaciers, deBc.euding nearly 
to sea-lcvcl, are situated at 43” 40' S. lat. To 
the north of 4ri“ S. lat. a wolbdefined western 
iongitudinal valley, at some recent time oecu- 
pied by lakes and rivers, divides the Cordillera 
into two chains, the eastern being th« main 
chain, to which belong Mounts Alto Nevado, 

C'aoique, Uentista, Maldonado, Serrano, each 
over 7000 feet high ; Torrecillas, 7400 feet ; 

Ventisquero, 7500 feet; and Tronador, 11,180 
f et; while the w'cslern chain, broken into iiii- 
po.sing blocks, contains several high volcanic 
peaks such as Mounts Tantoles, Corcovado, 

Miiichimaliuida, lloriiojiiren, and Yates, 'riie 
livers Paleiia, with its tw'o branches, Pico and 
Carrenleufu, Fetaleufu, Puelo, and Maiiso, cut 
file two chains, wiiile the rivers Refiihuc, Bodn^ 

<laliiio, and Coehamo have their sour'cs in tlie 
main eastern ridge. Mention has been made of 
active volcanoes in 51*', 49”, and 47” S. lat., but 
these have not been pro])erly l(icated. The acti\ e 
volcanoes south of 41”, concerning which no 
doubt c.xists, are the Huequen, in 43” lat., and 
the Calbuco, both of winch have been in erup- 
tion during recent years. 

Tlie hurroundiiigs of Mount Tronador, consist- 
ing of Tertiary granite and basalt, form one of 
the most iiitercsiing regions in tiie Patagonian 
Andes for tlie iiiouiitaiueeis of tlie future. To 
the east oxtinds the laige aud jueturesque lake 
of Nahuol-Huapi, to the w cht is Lake Todos Los 
Santos (50 square nii1es\ to whudi the access is 
nisy and of which the scenery is of surpassing 
lieauty. Between 41" and 38” S. bit., among otluT 
'•mailer lakes, are Lakes Trafiil (45 square miles;, 

Lacar (32 square miles), which, properly belong- 
ing to the system ot Atlanlic lakes, empties 
itself by the only water g.i[) that occurs in this 
rone of the Cordillera into the river Valdivia, a 
tiibutary of the I’acific, Lake Lolog (15 square 
miles), Huechii-lafquon (45 square’ miles), and 
Lake Aliiniine (21 square miles). TJie volcanues 
fit Jjaiiin, 1{2,140 feet; Quetro]iillan, 9180 feet; 

Villanca, 10,400 feet ; Yaimas and Tolhuaca arc 
all more or less active ; the first is in the main 
( haiii, while the otlicrs are on the western slope. 

The stonery in the neighbourhood is iiiagnifieciit, 
the snowy cones rising from amidst woods of 
araucaria, and being surrounded by blue lakes. 

While the si'onery of the western slope of the 
Andos IS oxcoodiiigly grand, with its deep fiords, 
glaciers, and woods, yet the severity of its 
eliniato detracts considerably from its charm. 

The climate of the cdstein slojio, however, is milder, the land- 
scapes are magnificent, with wooded valleys and beautiful lakes. 
TJio valleys are already jsirtly settled by colonists. Between 52” 
and 40” S. lat. the erosion (fractures of the earth's crust) has 
carried the watershed of the continent from the summit of the 
('ordillera to the eastern plums of Patagonia. 

Bctw'con 38” and 33” S. lat. the Andes have been somewhat 
extensively oxploreii during the last ten years by the Argentine 
and Chilian Boundary Commissions The highest peaks are vol- 
canic, and their eruptions have seu.sib1y modi lied the character 
of the primitive ridges. Outflow's of lava and tufa cover the 
mountain sides and ml up the valleys. Tin* Jurassic and Creta- 
ceous formations, which, in the Southern Cordillera are situated 
outside of the range to the east, ibmi to a considerable extent 
the mass of the groat range, together with porjihyric quartz, the 
Tertiary, mnite, and other erujitivo rocks, which nave been 
oliserved along all the chain in South America up to Alaska in the 
ujrth. Gneiss is seldom met with, but there are crystalline 
rocks, belonging chiefly to the pre-Cordillera of the eastern, and 



to the Cordillera de la Costa on the western side. Silurian, 
Devonian, and Carboniferous rocks contribute to the formation of 
the pro-Cordillera, between 30” and 33” S. lat. 

whilst the axis of the Cordillera de los Andes from the south 
as far as 88” S. lat. is crystalline, to the north of this latitude 
the geological features change. At this point the range takes a 
vast transversal development, dividing itself into three separate 
groups, the easternmost being composed of Jurassic-Cretaceous 
beds, the central of Mesozoic layers and old eruptive 1‘ocks, the 
western of Tertiary granitic formation, with neo- volcanic lavas 
and active volcanoes on its western border. From the volcano of 
Copahue (height 9787 feet) the Andes take a great transversal 
extension ; there are no wide intermediate valmys botw'cen the 
different rldgt's, but the main ridge is perfectly defined. Vob 
canic cones continue to predominate, the old crystalline rocks 
almost disappear, wdiilo the Mesozoic rocks are most common. 

The higher peaks are in the main chain, whilst 
the Doriiuyo (15,317 feet) belongs to a lateral 
eastern ridge. The principal peaks between tliia 
and Mount Tupungato at 33” S. lat. are : Mount 
Cochico, 8255 feet ; Cannianario, 13,140 feet ; 
Peterua, 18,297 feet ; Tinguiririca, Castillo, 
16,535 feet ; Volcano Maipu, 17,576 feet ; Alva- 
rado, 14,600 feet ; Amarillo, 15,321 feet ; Volcano 
San Jose, 10,849 feet ; Piuquenes, 17,815 feet ; and 
Volcano Bravard, 19,619 feet. 

North of Maipu volcano, ascended by Dr Guss- 
fcldt in 1883, the Conlillera is comx) 08 ed of two 
very huge priuci|ial ridges which unite and ter- 
minate in the neighbourhood of Mount Tupun- 
gato. The valley between them is 9000 lei't 
high ; and in iliat part of the Cordillera are situ- 
ated the highest passes south of 33” S. lat., ono 
of which, tlie Piuquenes Pass, reaches 13,333 
feet, whilst the easiest of transit and almost the 
lowest is that of Pieliaelieii, C.^iOS feet, which is 
the most frequented during winter. 'Phrough- 
oiit these regions the {lasses arc numerous and 
of e&sy access in ^ummer, but in winter they are 
generally dangerous. 

To judge by certain features of this section of 
the Andes, it W'ould seem that down to modern 
times, there existed across these mountains very 
low x>asses, through which some representatives 
of the Pampean fauna, such as the Mastodon aud 
Kqiius, reached Chile, the remains of which have 
been discovered in the central valley of that 
coiiiitry. The Andean glaeicrs at that time 
8])read themselves dow'n to the x>lain at the foot 
of the two sJojics which then contained vast 
Jakes, and whore now exist extensive moraines 
and large erratic boulders. Mount Tupungato 
reaches 22,329 feet, aceonlin^ to Ai>;entine 
measurement. To the north of this mountain, 
situated at the watershed of the Andes, extends 
a lofty region com]>nKing x^aks sucli as Chimbote, 
18,645 feet, and Mount Polloras, 20,266 feet. 
The Pireus Pass is situated at a height of 16,962 
feet. The gans of Bermejo and Iglcsia, in the 
Usxmllata roaa, the best know n of all the pabses 
betw'oen Argentina and Chile, arc at 13,025 feet 
and 13,412 feet altitude respectively, while the 
nearest peaks, those of Jiincal and Tolorsa, aro 
19,358 and 20,140 feet high. Mounts Tuxmn- 

S ato, Aconcagua, 23,393 feet, ascended lately by 
Ir Fitzgerald, Mr Vines, and Sir Martin Conw'ay, 
and Men'edario, 21,982 feel, are the highest peaks 
of the centi*al Argcutiiie-Chilian Andes. These 
three peaks are formed of erux^tivo rocks, surrounded by Jurassic 
beds which have undergone a thorough metamoi'xihosis. While 
in the w'est of the Andes, from the latitude of Aconcagua, the 
central valley of Chile runs without any notable iuten'uption to 
the south end of the continent, a valley wiiich almost disappears 
to the north, leaving only some rare inflexions which aro con- 
sidered by the Chilian geopaxihers aud geologists to be a con- 
tinuation of the same valley ; to tin* east in Argentine there 
commenced a longitudinal \ alley perfectly characterized, which 
runs along the eastern foot of the Cordillera sexiarating this from 
the pre-CJordillera, which is parallel to the Comillera de la Costa 
of Chile. Between Aconcagua and Mercedario are the passes of 
Espinacito, 14,803 feet, ana Los Patos or Valle Hermuso, 11,736 
feet, chosen by the Argentine General San Martin, when he made 
his memorable jiassage across the chain during the War of Inde- 
pendence. Nprth of Valle Hermoso the Andean ridges, while 
very high, are not abrupt, and the passes aro more numerous 
than in the south ; some of them desi'ending 10,000 feet, but 
most of them carrying between 13,000 and 14,000 feet. Pass 
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<Quebradai Grando is 12,468 foot in altitude ; Ceucerro, 12,944 feet; 
Hezcedario, 13,206 feet ; Ojota, 14,304 feet ; Paclioii, 14,485 feet ; 
while Gordito is 10,318 feet. Farther north the ^rnhsee are higher. 
BarahonaPaae is 15,092 feet ; Ternera, 15,912 feet ; San Lorenzo, 
16,420 feet, while the peak of the volcano reaches 18,143 feet ; 
Mount Olivares, 20,472 feet; Porougos, 19,488 feet; Tortolas, 
20,121 feet ; and Potro, 19,357 feet. 

As far as 28** S. lat. the Cordillera de lug Andes has been prin 
cipally formed by two well-defined ridges, but to the north, 
recent volcanic action has greatly modified its urogra])liy. Only 
a single line of passes characterizes the main ridge, and amongst 
them are the passes of Ollita, 15,026 feet ; Pefias Negras, 14,435 
feet; Pircas Negras, 13,615 feet; La Gallina, 16,240 feet; Trs 
Quebradas, 15,535 feet ; and Aguita, 15,485 feet. To the north of 
Mount Potro the peaks in the Cordillera are not very prominent 
as far as the great mass of Tres Quebradas, but h(*re are to be 
met with some that may bo considered as amongst the highest of 
the whole range. Mount Aguita is 20,600 feet, and Uie cul- 
minating peak of those of Ties Cruces reaches 22,658 feet. To 
the east of the eastern longitudinal valley, at 27*" 8. lat , 
commences a high voloanic plateau between the Cordillera and 
the southern prolongation of the Bolivian Coiriillora Real, which 
contains lofty summits, such as Mount Veladero (20,998), Mount 
Boneto (21,980), Mount Roclus (20,670), Mount Piasis (22,146), 
Mount Ojo del Salado (21,653), and Incaliuasi (21,719). To the 
north of Tres Cruces is a transversal depression in the Cordillera, 
uhich is considered to be the southern teniiimition of the high 
plateau of the Puna de Atacama. The Cordillera of the Anoes 
borders the Puna to the west, while the Bolivian Conlillcra Real 
bounds it to the east. In that region the Cordillera of the Andes 
IS cf coiiitiaratively recent origin, being principally constituted 
by a line of high volcanoes, the chief summits being those of 
Juncal, Panteon do Aliste, Azufre or Listarria (18,636), Lullaillacu 
(21,720), Mifkiquos (19,357), Socompa (19,948), Lioancaur (19,685), 
Viscachuelas (20,605), Tapaquilcha (19,520), Oyahua 09,242), 
Aucaquilcha (20,275), Olca (19,159), Miho (20,112), SilhUca I 
(21,100), Periuacota (20,918), Sagama (22,339), Tacona (19,740), 
Misti (19,029) ; to the east closes in the intermediary liigli jdateau 
ulucli commences at 28** S. lat. in Argentina. The pnncipal 
]>eaks of the Bolivian Andes and its ^irolongation from south to 
north, arc Famatiua, in the centre of Argentina, (20,340 feet), 
Laguna Blanca (18,307), Diamante (18,045), Caclii (20,000), 
Granadas, Lipez (19,680), Guadalupe (18,910), Chorolnue (18,480), 
Cuzco (17,930), Ennaca (18,716), Junari (16,200), Michiga (17,410), 
Q'limza-Cruz (18,280), Illimani (21,190), and Sorata (21,490), the 
last two of which wore climbed by Sir Martin Conway. 

AVhile the western range of the Cordillera is principally formed 
by volcanic rocks, the eastern (to the cast of the range is Ccrio 
P'oiosi, 15,400 feet) Andes of Bolivia are chiefiy comnosed of old 
crystalline rocks. Betw'con the ranges in the high plateau north 
to 27** arc numerous isolated volcanoes which have been iu activity 
HI recent times, such as Peinado (18,898 feet), San Pedro (18,701), 
Antoco (19,029), Antotalla (20,014), Rincon (17,881), Pastos 
Graiidcs (17,553), Zapaleri (17,553), Suniquira (19,258), Tabue 
(17,458) ; \olcaiioos wmich have been elevated from a lacustrine 
basin, which very recently occupied the whole extension, and 
the remains of wdiich are in the south, the Laguna Verde, at 28'', 
and in the nortli Lake Titicaca. The discovery ol' great l^amjiean 
mammals in the Pleistocene beds of that region shows that this 
upheaval of the latter is very recent, for in the heart of the Coi- 
dillera, as well as on the west coast of Bolivia and Peru, there 
have been discovered, in very recent dejiosits, the remains of some 
mammals which cannot haAe crossed the liigh range as it now 
exists. 

The two Cordilleras that fonned the Andes to the north of 28" 
S. lat. are continued iu Peru, with the hamc churacteiistics — 
tlie W'estern, chiefiy volcanic, while its basis is erystalliue ; and 
the eastern ooni 2 >osed of green mica slate, primitive clay-slate, 
and granite, the more important of the two, w^hich is cut by 
iiiany largo rivers, aflliients of the Amazon, and which abuts on 
Keuador. The western, wdiich reaches an altitude of about 10,000 
feet, then ceases to exist as a continuous chain, there remaining 
only a short, high ridge, called by Whymper the “ Pacific range 
of the equator,'* and between tliis ridge and the crystalline 
Andean axis, the ** avenue of volcanoes,” to use his words, arises 
amidst majestic seenery. Chimborazo, which is not in the main 
chain, reaches 20,517 feet, Cotopaxi (19,580 feet), Autisaiia 
(19,260 feet), Coyambo (19,200 feet), are in the eastern range, 
with many other peaks of over 16,000 feet, which still contain 
glaciers. Under the equator, Sangay, 17,380 feet, according to 
Wolff, appears to be the most active volcano in the world, 
Piehinoha, 15,804 feet, and Cotocachi, 16,297 feet, are the loftiest 
volcanoes of the western range. The Colombian Andes have 
r^ently been the subject of careful exploration. The throe prin- 
cipal chains are continuations of those under the euuator, but 
ehow very slight traces of volcanic action. In toe western 
' chain, which is remarkable for its regularity, the highest peak is 
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11,150 feet, and the lowest pass 6725 feet. The longitudinal 
valley of Canca forms the middle depression. The two chains 
appear to unite in the mountains of Antioquia. The eastern 
chain, separated from the central chain by the Magdcleua de- 
pression, begiiming north of the equator at 6000 feet, giadually 
rises to the height of Nevado, 14,146 feet, Pan de Azueui, 12,140 
feet, and iu tlie Sierra Nevada do Cochi attains to oeaks of 16,700 
feet. The predominant rocks are gneiss, crystalline slate, and 
granite, and some Cretaceous and Tertiary shales. The central 
chain is unbroken, and is the more important of the two, 
ow*ing to its greater altitudes, and is of voleamc cliaraeter 
To tne south, near the equator, are Mounts Arajtul, 1.1,360 
feet, and Chiimbn], 15,720 feet. The volcanoe.s (’cimpuineio, 
12,470 feet, and Pasto, 14,000 feet, are also in that zone Faitlior 
north i** the volcano J^uracc, which j[>reseut.s a height of 16,000 
feet ; then come Uuila, 18,000 feet ; Santa Catalina, 16,170 teet ; 
and Tolima, 18,400 feet; Santa Isabel, 16,760 feet; Rin/, 17,390 
feet ; and Ilervas, 18,340 feet. 

ArTHoiiiTiEs. — JoH^ B. MiNciHN. “.Toumey iu the Andean 
Tableland of Bolivia,” Proceedings of Geographical Society ^ 1882. 

- Dr Paul Gussfeldt. Jteisc in den Centralcn ChiJeno-Airgenh- 

nichen Andcr. Beilin, 1884.--«I()|{N Hall. Notes of a Natural t si 
in Simth America. London, 1887. — Du Alfukh Hkttxeii. 
Ueisen tti den Colombianischen A luJean. Leipsie, 1888.* Knw A ui» 
Whymper.. Travels avwngsf the Great Andes of the Egualot, 
Xiondon, 1892. — Tjoodouo Wolff, G/’otfiaJia y Gcologw dtt 
Nruador. Leipsie, 1892. — K. A. FiiziiFUALU. The Highest 
Andes. London 1899. — Srit Makhn Conw’^ay. “Explorations 
in the Bolivian Andes,*’ Geographical Joiuual. London, 1899. 
— Dr CvrTj BT’urKHAiii). “Expedition geologiquc dans la 
Region A nduie, 38''-39" S. lat.”— DuLeo Weiirli. “Cmdilleie 
Argcntino-Chilienne, 40“ et 41* S. lat.,” Jievisladel de La 

Plata t 1899.- F. P. Moreno. “Explorations iu Patagonia,” 
< it ograph i cal Journal. London, 1 900. -- H ANS S TEFI- in. “ *1 he 
Patagonian Cordillera and it.<» Main Rivers, between 41* and 48* 
S. lat.” Geographical Journal. London, 1900. — Paul Kki om,. 
IHeOrilenischeHcfiihue Kxpedxt'ion. Berlin, 1900 . — Caki. Bi m k- 
1IAUD. “Profile geologiques transvorsaiix de la Ci>rdillera,” 
Argentmo- Chihenno Aiiales del Museo de La Plat a ^ 1900; 
Argentine -Chilian boundaries in the Cordillera de lus Andex, 
A rgeniine Evidence. London, 1900. (p, p, m.) 

AndSSf L 08 | a state of Yeuezuphi, formerly 
liounded ou the N. by the states of Zulia and Lara, on 
the 8. and E. by the state of Zamora, and on the W. 
by Colombia and a portion of Zamora. It liad an area 
(jf 14,719 square miles, and a population (‘siiniatod at 
365,000. This area tvas recently divided into two states, 
Los Andes and Trujillo. 

AndlJCini a district tow^n of liussian Turkestan, pro- 
vince of Ferghana, terminus for a time of the Transca.sp]an 
and Turkestan railway, lying 73 miles KN.E. of Kokand 
on the left bank of the upjier Syr-daria; altitude 1510 
feet. It was formerly the residence of the KIuuls of 
Kokand, and is described as one of the most jdeasant cities 
of Fergana, on account of its beautiful gardens and large 
]»ark situated in the midst of the town. A canal del ivi'd 
from the Syr wnters these gardens, as well as the fields 
round the town. The cotton-tree U*ing much grown in 
the district, Andijan is a centre ior the tratle in raw 
cotton, and has moreover nearly twenty fartorie.s tor cottcui 
cleaning, and several imi>ortant firms. Andijan merchaiiti', 
with their goods, are met with ail ovi*r Central A.s.a. 
Pojmlation (1897), 46,680. 

AndorrAf or Andorre, a small neutral, autonomous, 
semi-indeiiendent state, with an area of 191 square miles, 
situated chiefly on tJie peninsular side of tlie Pyrenean 
chain. Its po]>ulation, according to some estimates in 
1887, was between 6000 and 12,000, but no trust- 
worthy census exists. Its six parishes are subdivided into 
fifty-two pueblos or hamlets. The Andorrans are fond ot the 
chase and of fishing in their streams. The more well-to-do 
classes now talk French fluently, and get their children 
educated in France. During the coldest winter months 
their communications are much easier with Spain than 
through the snow-clad {lasses leading into the Ariege. 
The local industries are of the most primitive kind. 
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merely domestic, as iu the Middle Ages. Lack of capital, 
of coal, and of good means of communication, prevents the 
inhabitants from making use of the iron and lead mines 
that abound in their mountains. They rear flocks of 
sheep, goats, cattle, and some ]ng8. The only roads are 
bridle-paths, and one municipal road by the Balire Valley, 
connecting Andorni with the highroad to Seo do Urgcl and 
Tarruga. There is a scheme for extending a branch of the 
projected Noguera-Pallaresa railway to Seo dc Urgel, close 
to Andorra. 'Fhe climate is cold in general, and bitterly so 
in winter. There are some sheltered spots on the sonthej-n 
side of the Pyrenean chain, called Solanas, where the 
climate is milder, and there the soil is better cultivated, 
prtxiucing some fruit and agricultural products for a small 
export trade. Milk, butter, hams, skins, and wool are 
sent to France. The French viguier is taken from the 
French department of Arifcge and a))f>ointed for life, but the 
vigiuer of the bishoj) must he an Andorran, liolding office 
for three years and re-eligiblo. Then* are notaries and 
clerks, auditors for each parish elected by the heads of 
tamilies, police agents and Imiliffs, chosen and sworn in, like 
all the above officers, by the council general. The archives 
arc mostly kept in tins “ house of the valley in the capital, 
Andorra Vicilla, a struggling \illage of 600 inhabitants, 
'rhis Government house has no merit l)eyoiicl the fact that 
in it the council general meets and lias a chapel, and in it 
the aldermen, and Judg<^ of api>eal administer 

justice and assemble for all purposes of administration. 
'Pwo magistrates, styled nihanadores^ are appointed by 
tlie council general to see that viguiera and judges preserve 
the customs and jirivileges of Andorra. The parishes have 
a permanent patrol of six armed men, liesidcs the militia. 
Spiin and the bishop of Urgel are very jealous of French 
oncroaclunonts, and claim to have a bc?ttcr right to annex 
the little state some day. In the meanwhile it continues 
to pay c^ach of the “ copnncipes iI40 a year, levied by a 
tax on pastures. 

Bkkthet vtU (VAndurre, Puns, 1879, — Moras. Coutuims 
da pays U ’ Amhrre. 1882 . — IJaudon i»e Moity. Ongines histonques 
de la questioa d'AnAorre 188/J. — A'riLLiKii, Le val d'A'ndurrc, 
The Valley of Andorre. Kivorsidu Pruss, Cambridge, witli good map. 

(a. e. h.) 

AndOVSrp a municipal borougli and railway station, 
in tlie Andover parliamentaiy division of Hampshire, 
England, on the Anton, 12 miles N.W, by N. of Win- 
chester. In 1H89 a recreation ground was o])ened. In 
1801 the waterworks were acquired by the corporation. 
Area of borough (a jiarish), 8662 acres ; population 
(1881), r>G5:i; (1891), 5852, (1901), 6000. 

AndlOV0r| a town of Essex county iu north-eastern 
Massachusetts, U.S.A., having an area of 33 square miles. 
It is situated on the south bank of the Merrimac, where 
the surface of the country is broken by small Glacial hills. 
The Theologie.al Seminary here had in 1898 eight instructors 
and 41 students, and Phillips Academy had a faculty of 
twenty professors and was attended by over 400 students. 
Population (1880), 5169 ; (1890), 6142 ^ (1900), 6813. 

Andovoranto. See Madaoascar. 

Andrassy, Julius, Count (1823-1890), Hun- 
garian statesman, was born at Z(4n])lin in the north-east of 
Hungary, 1 8th March 1 823. His father, Count Charles (the 
representative of a family which had been settled in Hun- 
gary about 250 years), was a man of considerable literary 
aiul scientific attoinments, and was therefore (as were all 
who cared for the prosperity of the country) a member of 
the national and Liberal opposition to the deadening 
government of the Austrian bureaucracy. Julius and his 
elder brother Emmanuel were therefore, from their earliest 
years, brought up to believe in the excellence of |x>litical 


liberty, and they were enabled by travelling to become 
acquainted with countries which enjoyed the free exercise 
of those institutions which the government of Metternich 
refused to Hungary. His political master was Count 
Bzechenyi, who has been called the greatest of the 
Hungarians. The two brothers were elected in 1847 
mem^rs of the Hungarian Diet ; they joined the Op|)osi- 
tion, which was led by Louis Batthyany, Deak; and 
Kossuth. Andrassy soon distinguished himself by his 
s])eeches ; he w'as one of those who first claimed to use 
Magyar. He had a charm of manner and gallantry which 
would have made him a favourite anywhere, and com- 
pletely won the hearts of the susceptible Hungarians. 
As the difffereuces between the aristocratic party and 
Kossuth became serious, Andrassy was on the side of 
Kossuth ; he supported him through all the stormy events 
of 1848, and he accepted the i^ost of prefect of the 
county of Zempliii in order to carry out the internal 
reforms which the democratic i^arty desired; he jjaid 
special attention to the organization of the militia. In 
the civil war of 1848 against the Croatians he took part 
at the head of the coqis ho had organized, and was jireseiit 
at the battle of Schweehat, when the Hungarians crossed 
the frontier and attacked the imiierial troops on Austrian 
soil. He continued his association with the Gkivernment 
of national independence, and in 1849, "when the 
interference of Kussia became imminent, ho went on a 
mission to Constantinople to ask for the aid of the Turks. 
Ill this he failed, but the sultan promised to ])rotect 
Hungarian refugees, a promise which was honourably kept, 
and which the Hungarians have not forgotten. Andrassy 
escaiied the fate of many of his colleagues by ffying from 
the country, but he was condemned to death under martial 
law and hanged in effigy. lie sjient the next years of 
exile in France and England, and acquired a very thorough 
knowledge of the customs and institutions of these coun- 
tries ; like so many of his countrymen ho was an excellent 
linguist. He was yiarcloned by the emjieror in 1856; 
on his return to Hungary he joined the party of Deak, 
who claimed the indejiendence of the country, but hoped 
to attaiu it by reconciliation with the house of llapsburg, 
a policy which was bitterly opposed by Kossuth and his 
followers. lie sat in the Diet of 1861, but refused to 
recognize it as a substitute for an independent parlia- 
ment, and during the following years ho was very active 
in gaining su])port to the jirinciples of the Moderates. 
His oiiportunity came in 1866. He took a leading jiart 
in the uegotiatioufi which load to the establishment of the 
“ Ausgleich ” ; hfe was greatly instrumental in winning 
the coiitidence. of the cmi)eror and empress, and is said to 
have suggested the peculiar form taken by the Common 
Parliament or “Delegations.” Deak was offered the 
post of minister-president of Hungary under the new 
constitution, but refused to take office ; he suggested the 
name of Andrassy, who, he said, had been “ sent by Pro- 
vidence.” There was no oue who could rival Andrassy’s 
claims to be the first national Hungarian minister. As 
an old revolutionary he could command the adhesion of 
his former companions iu exile : his birth and his early 
connexions won for him the support of the Liberal 
aristocracy, and he had the confidence of the emperor. 
He hold this office for over four years, and quickly made 
political liberty and constitutional Government a reality, 
introducing full freedom of the piess and of public meet- 
iiigs, granting ]io]itjcaI freedom to the Jews, and establish- 
ing the national militia or Honved, in which he took great 
personal injierest. He exercised considerable influence on 
the foreign policy of the empire, and helped to keep in 
check the anti-German Influences at Vienna. In 1870 he 
threw his weight decisively on the side of a public 
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declaration of neutrality. In 1871 he was called to 
Vienna to use his influence in order to prevent the 
emperor accepting the federalistic scheme of Hohenwart. 
Andrassy represented that it would destroy the organi- 
zation of the dual monarchy, and offered his resignation I 
if it was carried out. The result of the crisis was that i 
Hohenwart was dismissed, and Andrassy received the i 
portfolio for foreign afl&iirs for Austria-Hungary after the | 
fall of Beust. The most important achievement of his 
policy in the new post was the establishment of a close | 
understanding with Germany. The beginnings of this j 
had been laid by the friendly relations which Bismarck { 
had already established with the Hungarians. This led I 
also to a better understanding with liussia, and Andrassy 
was much attacked in Hungary for his llussophile policy. 
He succeeded, however, in averting a war with Russia, 
which might easily have arisen out of the Balkan compli- 
cations; by the “Andrassy Note” of 187G he attempted 
to settle these by agreement with Russia. The summon- 
ing of a European congress to discuss the terms of ixiace 
imposed on Turkey by Russia was to a great extent owing 
to his initiative, and ho brought it about that the adminis- 
tration of Bosnia and Herzegovina should be offered to 
Austria-Hungary. His policy in this was strongly attacked 
at home, both by the Hungarians and Gormans, and the 
discontent vras increased by the difficulties with which 
the occujMition of the provinces was attended ; he had 
failed to anticipate the opposition with which the Austrian 
troops were met. It was i»artly this discontent which 
led him in the summer of 1879 to offer his resignation, a 
step which has also been attributed to private reasons ; 
he was, moreover, dissatisfied that he was unable to have 
some internal reforms carried in Hungary. It is probable 
that he did not expect his resignation to be accepted ; or if 
it was, he undoubtedly hoped soon to return to office. His 
position as the first of living statesmen in the dual 
monarchy was so assured that he might well believe he 
was indisiHjnsable. His resignation was, however, occeyited. 
Before he left office, he completed the work he had already 
begun by arranging with Bismarck a formal alliance of 
fiermany and Austria-Hungary for mutiml defence against 
Russia. By this he had placed the £uro])ean position of 
his country on a secure basis. The best proof of the 
wisdom of his policy is that it has been continued by all 
his successors. 

Andrassy lived till 1 890 ; he was m*ver again offered 
office ; he^, could have forced his way back to power had he 
chosen to use his great popularity for dSs purpose ; but, 
with a magnanimi^ which is not too common, when he 
spoke in the yiarliaiSrot it was to help and supyiort his suc- 
cessors ; his criticisms he reserved for private intercourse. 
He died 18th February 1890. Andnissy is undoubtedly 
one of the most interesting figures of recent history. It has 
often been said of him that he cared more for the ap|iear- 
ance than the reality ; he thought too much of outward 
effect. He had little patience for the details and routine 
of departmental work, and was intolerant of slowness and 
stupidity. He had, however, a quick yiower of seizing 
the essential factors in a situation ; his mind was emi- 
nently sober and practical ; he saved his country from the 
dangers into whieffi it would have fallen had full freedom 
been given to the ideals of Kossuth and his followers, or 
to the anti-Bussian passions which were so strong. He 
is identified with two great political achievements, the 
system of dualism and the alliance with Germany ; both 
have justified themselves by the test of experience. More 
than this, it is largely due to his yiersonal influence that 
from the beginning it was made apparent that in the 
partnership between Austria and Hungary the latter was 
the stronger member; and so long as he was foreign 
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minister he secured for the dual monarchy a position in 
European affaira which it had not had for many years. 

(.r. w. iTr ) 

Andrews, Thomas (1813-1885), Irish chemist 

and physicist, was born on 19th Dccimiber 1813 at Belfast, 
where his father was a linen merchant. After attending 
the Belfast Academy and also the Academical Institutifin, 
he went to Glasgow to stmly chemistry under Professor 
Thomas Thomson, and thence migrated to Trinity College, 
Dublin, where he gained distinction in classics as well as 
in science. He next spent some time in Paris, in tin* 
laboratojy of the famous chemist Dumas, and finally, 
having graduated as M.D. at Edinburgh in 1835, settled 
down to a successful medical jiractice in his native place. 
Ten years later he was appointed vice-pn*sldent of the 
newly-established Queen’s College, Belfast, and professor 
of chemistry, and these two oifices he held till 1879, when 
failing health compelled his retirement. Ho died 26th 
November 1885. Andrews first became known as a 
scientific investigator by his work on tin' heat developed 
in chemical actions, the Royal Society awarding him a 
Royal modal in 1814. Another important research was 
devoted to proving that ozom* is a rlefmite body, an allo- 
tropic form of oxygen, containing thrci' atoms in tlie 
molecule instead of two, as is the ease* with the ordinary 
gas. But the work on which his nqmtation mainly rests 
and which best displayc^d his skill and resourcefulness in 
experiment was concerned with thtj luiuefaction of gases. 
He carried out a very complete imjuiry into the laws 
expressing the relations of ]>ressure, tempevatim\ and 
volume in carl>onic acid gas, in ]>arti(‘nlar establishing the 
conceptions of critical temi>erature and critical pressure, 
and showing that the gas passes from ilic* gaseous to the 
liquid state without any breach of continuity, 

Al1flr0rSf chief town of de])artment Maine-et-Loirc, 
France, and an imjiortant centre for several railway lines, 
188 miles S.W. of Paris. There is a Hotel-1 )ieu, now a 
civil and military hospital ; but it is the HApital-Ste-Maiie, 
a large modern building with 1500 beds, that takes thi* place 
of the ancient HOtel-Dieu or Hospice St dean, said to havi3 
been founded by Henry 11., which is now' occupied b} tlie 
archaeological museum. The public lil^rary, contained in 
a fine edifice dating from the 15th century, has b(*cn mucli 
enlarged. PalcTontological and antiquarian museums are 
also housed in ancient buildings of considerable interest. 

1 A 12th-century clock tow^r is jiart of the ancient abbey 
of »St Aubin. The Palais de Justice is a modern build- 
ing in tlie Champ de Mars. Amongst educational insti- 
tutions may l)e noted a national school of arts and 
handicrafts, a free school of design, and a school of [)har- 
macy. Manufactures of umbrellas, boots and shoes, iron 
goods, cables, and copper w'are, liave become imyiortant. In 
the vicinity are many nursery gardens. Large stork fairs 
are hold, and there is considerable trade in hem]», llax, 
and other agricultural produce. Electric tramways connect 
writh the suburbs. Population (1^^81), 58,571 ; (1891), 
62,391 ; (1896), 69,484, (comm.) 71,119; (1901), 83,966. 

AnffiO0permS.-~The term “Angiosyierm” (dy 
ycZbe, receptacle, and arwepfxa^ seed) was coined m the form 
Angiosperiiue by Paul Hermann in 1 690, as the name ol 
that one of his primary divisions of the Plant Kingdom 
which included flowering ydants possessing seeds encJo8e<l 
in capsules, in contradistinction to his Gymnoajicrina? or 
flowering plants with achenial or schizocarpic fruits — the 
whole fruit or each of its pieces being here regarded as a 
seed and naked. The term and its antonym wore main- 
tained by Linnaeus with the same sense, but with 
restricted apfdication, in the names of the orders of his 
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claHB Didynamia. Its use with any approach to its 
modern scope only became possible after liobert Brown 
liad established, in 1825, the existence of truly naked 
seeds in the Cycadem and Coniferse entitling them to 
Ik* correctly called Gymnosperms. From that time 
onwards, so long as these GymnosiKjrms were, as was 
usual, reckoned as dicotyledonous dowering plants, the 
term Angiosixirm was used antithetically by l>otanical 
writers, but w^th varying limitation, as a grou])-naine for 
other dicotyledonous plants. The advent in 1851 of 
JlofmeisteFs brilliant discovery of the changes pro- 
ceeding in th(* embryo -sac of flowering plants, and his 
determination of the correct relationships of these with 
the Crypt^gamia, fixed the true jK)sition of Gymnosijerms 
as a class distinct from Dicotyledones, and the term 
Arigio8i»erm then gradually came to be accei)ted as the 
suitiible designation for the whole of the flowering plants 
otJier than Gymnos])enna, and as imduding therefore the 
classes of Dicotyledones and Monocotylodones. This is 
the sense in which the term is nowadays receivtid and in 
which it is used ht*rc. 

The Augios])erins and the GymnosiK'rnis togethc'r 
eom]K)sn the gnjup of SiHjrmoidiytes — also named 
IMianerogams- Seed Plants or Floweiiiig Plants. The 
csxpressions seed plant and flowering plant convey the 
essential character of the group. The seed is the product 
of th(j flower — the concieption ol the flowei im]>lies that of 
tJie seed. In no other gi'ouj) of j»lants is there a seed or 
a flower, although the terms are sonietinM*8 loosely used 
with reference to plants of lower organ izatif)n. Thc^ trend 
of thfj evolution of the plant kingdom hfis lK*en in the 
dircHition of the establishment of a veg(‘tation of fixt*d 
habit and ada]>ted to the vicissitudes of a life on land, 
and the Angios]K*rms are the highest expression of this 
evolution and constitute tin* dominant vegetiition of 
the earth’s surface at the jiresent <*jKM'h. There is no 
land- area from the jioles to the equator, wdiere plant- 
life is jiossible, uj»on which AiigiosjHTins may not be 
found. They occur also abundantly in the sliallows of 
rivers and fresh- water lakes, and in less numlKJr in salt 
lakes and in the sdh ; such aejuatic AngiosiKjrms ai*e not, 
howwer, ]u*iiriitive forms, but are derived from immediate 
land -ancestors. The vaiying climatic oi (*nvironmental 
conditions to which Angiosj>erms may l )0 

° exposed in tli(‘ir wide? distribution, including 
those of the soil, ed(iphl<\ those of the atinosjdiere, 
e/tedftphic^ and those of wat<*r, aquafic^ find their 
res])ouse, within the limits of phylogeny, in the external 
form and mternal structure exhibited by the plants, 
Augiosj)erms of a tro])ical forest, for example, are mani- 
festly of ditterent form from those of an al]»ine region, or 
again Angio8[»erms growing submerged in a lake have 
features riiadily seiw-rating them from plants of a dest»rt 
plain ; the differences are not confined to jioints of their out- 
ward form, but obtain throughout their internal structm’e. 
The study of the relationsliijis of Angiosperms, as well as 
of otlier })lants, to their environment has in recent years 
liecome a fascinating and productive field of botanical 
work to which has been givt‘n the designation “GScology ” 
(sometimes written “ Kcology ”). From the standpoint of 
their relation to environment Angiosjierms fall into the 
three main categories of Oeopht/ten, Aerophi/tes, Hydros 
phyUs, Geophytes are j)lants adapted to a laud-life with 
fixation in the soil, and therefore they are subject to the 
influence of both edaphic and e]>e(hi])hic factors of en- 
vironment. Aerophytos are adapted to a land-life with 
fixation upon another plant, and are therefore subject to 
tlie influence of e]iedaphic factors of environment only. 
Hydro[)hytes, being adapted to life in water, whether free 
or fixed, are subject to the influence of the atpiatic environ- 


ment alone. These categories are not altogether sharply 
distinguishable, and many plants have the caiiacity of dual 
adaptation; Hatrachian Ranunculi may be either hydro- 
philous or geophilous ; Ficus hmgalensis as a juvenile is 
aerophilous, but geophilous when adult. 

I. Oeophytes , — Geophytes overwhelmingly predominate 
in the world, and from them we derive our concept of 
the typical Augiosperm, which for the perfor- 
mance of its life-work has two series of vege- 
tative organs severally adapted to the media — *** 

soil and atmosphere — in which they are exposed. 

They are the root or descending system and the shoot or 
ascending system conqKDsed of stem and leaf. To the 
root belongs the special work of fixing the plant in the 
soil and of absorbing material for food in a liquid state. 
To the shoot is assigned the sjiecial task of taking in 
material for food in a gaseous form from the atmosphere 
and of absorbing the radiant energy of the sun. 

The primary root formed at tlio base of tho embryo pierces the 
soil as a main radially-constr noted ortliolropous root, fioni >^’hich 
lateral endogeuetic "plagKttropous rootlets branching like the 
mother proceed. Roots elongate by means of an intercalary 

t diiricellular growing ))oint covesrod by a protecting root-cap, and 
tear over a short distance elose behind the ])oint a covering of 
short-lived active hairs, the agents alike of fixing and absorbing: 

The to which the root -system of Angiosperms 

iKinetrates the soil is apparently conditioned by tho needs 
of respiration, and even in plants with highest shoot- 
development in temi>erate regions is not over 4 feet, 
save in excejitional conditions. Tho growth in length of 
the main root is therefore soon arrested. The horizontal 
extension of the lateral roots is jiractically indefinite. 
'J'he elongation and iiersistence of the jirimary root ij> 
a characteristic feature of dicotyledonous Angiosperms, 
an<l is in marked contrast with w^hat is commonly 
found in Monocotyledoni's and in Pteridojdiytes, and is 
evidently correlated with tlieir more elaborate develop- 
ment of shoot. Where the primary root elongates in 
Monocotyledonos it rarely jiersists for any time, even in 
cases where there is a considerable bulk in the shoot- 
system ; the root-system is then jirovided by adventitious 
roots from the stem. 

The primary shoot-avi'i has two portions — the hypocotyl witli 
its cotyledon or cotyledons, the portion hist formed in tho iTmhryi*, 
and the epicotyl, which in tlie embryo exists as tho jduinular bud. 
The latter elongates as a radial ortliolropous axis, with a terminal 

} )luricellu1ar growdiig point of indefinite growth covered more or 
088 by incipient leaves, both scale-leaves and foliage-leaves, to 
form a loaf-bud, and these aiiso fiom nodal points as exogeiietic 
outgrow'ths, eommonly dorsivontral and of limited intercalary 
basi])etal grow'th. Branches like tho parents, but plagiotrojious 
and often dorsivontral, arise exogonetically in the axils of the 
leaves. Tho loaves (as also their axillary branch) liave a definite 
position — spiral or cyclic — upon tho stem. 

The degree to wliich the shoot is develoi)ed and its 
duration above ground have given origin to tho popular 
designations Aer6, shruh^ frec^ and those terms, 
although not callable of scientific definition, for 
the forms they indicate jiass one into the other, 
aro nevertholess landmarks in outward form development 
— (prowtk’fomiB — in relation to climatic factors, and are 
therefore of cecological value. To them may be added 
liane^ as the designation of a subsidiary form of wide- 
spread occurrence. A herb being a jdant — annual or 
jierennial — which loses and renews its shoot-growth from 
year to -year, and often also loses and renews its root- 
system, does not rise to any great height above the soil. 
It is therefore not greatly exiiosed to air-currents, and it 
may for a considerable jxirtion of tho year be subterranean 
and consequently under more equable conditions than 
when above ground ; it dwells in a moist stratum of the 
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atmosphere and may readily be overshadowed by other 
plants. Herbaceous growth makes a car|xst of vegetation 
upon all areas of the earth’s surface, but is essentially a 
feature of temperate regions. Trees, on the other hand, 
have a persistent aerial trunk with copious shoots, and they 
are therefore woody and may be evergreen or liave decidu- 
ous leaves. Their growth brings them into atmospheric 
strata drier than those near the soil, where they are 
• more exposed during the whole year to air currents and 
to every change of tem]:)erature, and where they are not 
liable to be overshadowed except by their fellows. Tree- 
growth then may bo said to afh$ct moist sheltered areas ; 
cold dry wind-swept regions, for instance the polar and 
alpine, are treeless. As the intennecliate form between 
herbs and trees the shrub merges into lx»th, and is found 
along \)rith or replacing them in all areas. The liane may 
|)artake of the character of each of the preceding forms, 
but its special feature is that rooting in the soil it makes 
use of the support of other plants to secure an extension 
and exposure in the atmosjihcre, and in this way may 
attain a length of many yards. To this end it may adoj)t 
the habit of a twining stem, or it may climb by means of 
modiiications of its organs such as prickles, hooks, leaf- 
tendrils of various degrees of conversion, and stem-tendrils 
of kinds. Liane -growth is found in all areas of vegeta- 
tion, except, and for obvious reasons, in polar and al]>ine 
regions, but it reaches its maximum development in the 
tropics where woody twining stems and stem -tendrils are 
a|>ecially dcvelojied. 

A fundamental character of Aiigios))crms, as indeed 
it is of all plants excepting the unicellular Protophytes, 
but one which is too often lost sight of in ih<^ 
Coloalml study of their economy, is their colonial organiza- 
living plurinucleated protoplasm of 
the plant -body is spread over the skeletal su))- 
port furnished by the cells of the root and shoot, and in 
the more highly differentiated forms occupies but a small 
area of the whole body of the plant. Each living cell 
encloses an energid (a portion of the protoplasm dominated 
by a nucleus) which is connected by protoplasmic threads 
piercing the coll -membrane wuth the adjacent energids, and 
thus the prot(jplasmic body forms one continuous whole in 
the plant. (See Cytoloc j y. ) According to their position in 
the organism, the priiiuiry cells liecome devoted to the 
formation of sixicial tissues building up the organs required 
for the discharge of the several life-functions of the plant, 
but nevt^rtheless each living cell must be regarded as a 
potential protophyte, whilst its actual destiny is determined 
by its relations to the other cells. This colonial organiza- 
tion of the Angiosperm enables it to have growth pro- 
longed in one direction whilst this is arrested in another, 
to throw off effete and old i)arts of its body without mutila- 
tion, and to renew or replace them as required ; all tissues 
which iiass out of the sphere of active life are not, however, 
thrown off, for it is a marked feature of Augiosi)erms that 
such tissues, and many excreta also, may bo enclosed by the 
living ones and remain unchanged so long as they are unex- 
posed to the putrefactive influences of the atmo- 
sphere. The fixed organism as a whole is endowed 
with what we may term potential immortality — ^a 
character in sharp contrast with the relatively short period 
of life of the motile individuals of the higher meml^rs of 
the animal kingdom. We have but little accurate infor- 
mation bearing upon the actual longevity of AngiosjKirms 
by which to judge whether their theoretical exi^ectation 
of life may come to realization. Perennating herbs and 
under shrubs probably approach most nearly to its fulfil- 
ment. Shrubs and trees ex|3ose themselves by their aerial 
growth to many accidents which militate against great 
length of life ; nevertheless there are authentic instances 


of trees, for instance Ficus reli^wsay whose years must l^e 
counted by thousands. On the other hand many Aiigio- 
sjKsnns are pronouncedly short-lived, jiassing through 
birth, vegetation, reproduction, and death wuthin a few 
months. 

For an account of the internal organization of Angiubjtoriiis, see 
Anatomy of Plants. The primary disposition of the jiGnimncni 
tissues in an Angiosperm is deteriniiiod hy the necessity of pi «»- 
viding an amnio meonauisin for carrying waiter from the nbsoil*- 
ing ends of tna roots to the other seat of absorption of food- 
material in the leaves, and to all growing points for tlm mainten< 
ance of turgidity : the carrying sjstem therefore dominates tin* 
anatomy, its position and form in each organ having lelation to 
the strain to which the organ is liable. In Dicoty led ones the 
monostolic system admits of an indotinite extension of the area ot 
the eaiTying system to keep pace ^\lth the growth and extciihion 
of the oiten ample iierennating shoot-systeni, and this has con- 
tributed largely to tlie establishment of the group as the dominant 
vegetation of our day. The polystolic, condition so coinmoii in 
T^teridophytos is occasionally found, but only in forms which are 
not jirogressive. The absence of this capacity of increase of the 
carrying system inMomH^ntyledoncs is probably one of the factois 
which liavo led to their insignificant development us tree-forms a> 
coinjtared with Dicotyledones. 

Though the geo]>hytc rcs]>onds in some degree in the 
configimition of it« vegetative oiganw to all the physical 
and chemical conditions of its enviionnient, we 
have as yet but little certain knowledge of the meat aad 
eftect to be ascribed to some of these or of tht^ contigura> 
m.anner of their operation. Nor are w^e able as yet, 
even in the cast' of those factors of which wc know most, to 
determine clearly in every instance how far their intlueiice 
is controlled by intrinsic causes, exjiressed for instanc(‘ in 
correlation, or is modified in combined a(‘tiou with other 
factors. We know tliat the direction and disposition ol 
the i>arts of the root and shoot are directly iiifluen(*ed by the 
stimulus of gravity, and also that radial and dorsiventral 
constructions are often conditioned by light which also 
may induce anisophylly and the flattening of oigans; light 
also may be a direct cause in provoking a difference in 
form l^etween the juvenile and lulult foliage, with the lesiilt 
that the organs concerned in carlion- dioxide -assimilation 
and in the absor]>tioii of energy are exjmsed in the most 
favourable manner to illumination. The direct influt'iiei* 
of light in formation of chlorophyll is well known. C'on 
figuration apixsars to be but little directly influenced by 
temperature excepting perhaps by extreme cold, and we 
can seldom say by consideration of its outside whether a 
plant inhabits a watui or a cold climate, notwithstanding 
the jiaramount influence temjx'rature exerts in tlie disti l 
bution of sjiecific forms. The most influential environ- 
mental factor in relation to form and structure is un- 
questionably water. Water-carriage w'ithin the plant 
determines its anatomy, and the safeguarding of tlie 
water-supi)ly alike at its intake m the root-system and at 
its outgo by trans])iiution and by transudation in tlie 
shoot, is a prime eoiicern of the vegetative organization 
of geojihytes, and is modified in relation to the amount 
of water available for the functional liurjxises ol the 
plant. This does not always correspond with the actual 
amount of water in the jihysical environment, and a plant 
may be in a condition of physiological drought in th.* 
midst of an abundance of w'ater. When there is a risk ol 
physiologic^il drought— as in areas where the 
absorption of water from the soil is hindered, 
e,g,y by a scant amount of water, by too much dissolved 
salt, by humus, or by low temiierature, as well as where' 
transpiration and transudation are facilitated, e.g., by the* 
dryness or high temperature of the atinoBjihere, by low' 
barometric pressure, and by intense liglit — the plant 
responds and means are developctl to promote the intake 
and check the outgo. For the former there may be an 
increase of the whole root - system and of the absorbing 
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hairs, as well as of the carrying vasa ; for the latter there 
is great variety of method in relation to other (ecological 
factors. There may be a reduction in the amount of the 
transpiration-surfac.e by the shortening and thickening of 
the stem and the foliage-leaves, or even by the suppression 
of the latter {aphyll^ leading to stem -assimilation, the 
<lovolopmeut of dadocles, and the production of non- 
transpiring thomn^ while by the formation of vertical 
leaves and phyllodea the efftnit of insolation is restricted. 
Obstacles to transpiration are created by increase in 
thickness and in rutin - content of the outer wall of the 
4‘pidermal cells, by the sinking of the stomata, by the 
development of a covering of hairs, or in comj.K)und loaves 
by collapsing movements. In many cases water-storage of 
kinds is provided, from which loss may Iks supplied and 
succulence of stem {ohylocauly) or of leaf {rhylophylly) is 
developed. An increase in tho sclerenchyma- tissue of 
.stern {aderocauly) or of loaf {nclerophylly) and an elonga- 
tion of the palisade -cells of the leaf are also accom|)ani- 
ments of this adaptation. Such adaptations are termed 
.t'erophiloun^ and plants exhibiting them are Xeropkytes. 
The conditions which induce the xero])hilous structure are 
<*onspicuou8ly and most typically found in desert areas, 
but they also, in varying degree, surround jrlants growing 
on the surface of rocks iJMhophyte&\ in rock -fissures 
{Chmnu>phyU%)^ on sandy porous ground {Pmmnvyphyte^)^ 
on the shore {IfaUqjhytea)^ on pmt- moors {EricophyteR\ 
and elsewhere. In marked (iontrast with xerophilous 
configuration and structui’e are the hyyropkiL(yu^ features 
which characterize IIygrophyte» or plants 
Hygropb ly. temporarily, 

liable to any danger from deficiency of water - supjdy. 
Hero the presence of a feeble absorptive root -system and 
an extended surface of the shoot for transpiration and 
transudation ai*e the outstanding jioints. TIk! latter is 
exhibited in the elongated stems which do not Ijear thorns, 
although prickles are not uncommon, the large surface and 
the thinness of the leaves which frequently lia\e “dropper 
tips*’ or other* arrangements for quickly tlirowing off water, 
the large air canals, abundant and exjrosed stomata, and 
many hydathodes. The risk to hygrophytos lies in their 
exjrosure to strong insolation or to prolonged air currents, 
and these may cause flagging of the organs ; but loss from 
such causes is soon recovered, and may be jrrovided against 
by water-storage in or near the epidermis. Hygrophytes 
occur in moist areas, aud are particularly abundant in the 
tropics. The degree to which xerojrhiloiis or hygrophilous 
construction is developed varies, and some plants exhibit 
a seasonal alteimation of those characters, and 
ropop ly* therefore termed TrajKijjhytf'S. In 

the wet or w’arin season they are hygrophilous, in the dry 
or cold season they arc xerophilous. Tlie feature dis- 
tinguishing them is tlw^ casting of the greater portion of 
their transpiiution- surface at tins beginning of the jroriod 
when there is a risk of physiological drought, by the 
dying down of the annual shoots of herbs, and by leaf-fail 
and branch-fall of slirubs and ti*ecs. That this is a pre- 
paration for physiological drought every gardener may 
see when ho transplants such an evergreen as a holly. De- 
ciduous-leaved trees and slrrubs of temperate regions have 
liygrophilous foliage, but the stems are xoro])hilous, being 
protected by cork, and the buds are enveloped in scales, 
resin, and so forth. Evergreens of tempcirate regions have 
xerophilous leaves, their young leaves alone showing hygro- 
])hilous characters. Any one of the growth-forms — herb, 
shrub, tree, liane - - may exhibit features of xorophily, 
hygroi)hily, or tropophily, and their adaptations upon 
these lines determine the physiognomy of vegetation 
within the thermal zones of the globe. 

Angiosperms (like Gymnosirerrns) are heterosporous, as 


are some of the Fteridophytes, but unlike these they do 
not spread by the scattering of the megaspores, 

On the contrary the megasporangium remains gpatic 
IKjrsistently clo^ and attached to the spori- fgndue- 
ferous plant, whilst the megaspore which it 
contains (for there is commonly but one) germinates 
within it and produces the structures which are the homo- 
logues of the female gametophyte of the Fteridophytes 
with its female gametes. Nor does this intrasporal ' 
development cease here. Conjugation of the male and 
female gametes takes place within the spore, as does also 
the subsequent segmentation of the resulting zygote, and 
its further development through the stage of pro-embryo 
to the formation of the jrerfect embryo of a siK>rophyte. 
There is thus produced in the position of the original mega- 
sporangium a body consisting, in its simplest form, of a 
coat to the outside comiKised of the wull of the mega- 
sporangium and of the wall of the megaspore, both of them 
much altered, and within of an embryo sporophyte. This 
body is the Med, For a longer or shorter time it remains 
attached to the s])oriferous plant, and its ultimate seimra- 
tion provides for the spread of the angiospermous plant. 

It is this character — of a closcid megasporangium and the 
development of seed — which separates sharply the Angio- 
S})erm8 and the Gymnosperms from all other classes in the 
plant kingdom, and which makes so a]>t their designation 
in one group — the Spermoplrytes. The exigencies of their 
adaptation as a land-vegetation have made the develoi)- 
ment of sexual cells in them not a first ehargcj upon an 
indei)endent or nearly independent organism arising from 
a spore, as is the case in the Fteridophytes, but these 
ap]>ear as late products on a vast vegetative structure 
through which the outcome of their coalescence, the 
embryo, can Ik> nourished for a time, aud from which it is ' 
subsequently shed, well protected in the seed-c&t to. 
withstand climatic vicissitudes yet ready to take itST ^ 
position as a new plant whenever environmental conditions 
permit. The risk of failure of i^gial rejlfoduction through 
non-propinquity of the essenwBPetiergids overhangs the 
higher Fteridophytes at two stag||iof theur life history, 
and frequent actual failure may him hastened th(*ir retro- 
gression as a dominant vegetative type ; there is first of all 
that of non-association on the same nidus of the fortuitofiBly 
distributed microspores and megaspores, and second that 
of a missing of coalescence of the inalo and femak^ 
gametes, inasmuch as the act involves a sufficiency of 
moisture for germination, and thi*ough Avhicii the male 
gamete must actively move to its goal. In the Angiosperms 
this risk is, to their advantage, reduced to a W^le one, 
that of a mishap in pollination, for the avoidanc»i of which 
have boon developed the elaborate contrivances which make 
up the flower of to-day. 

The jrart of the Angiosperm through which the forma- 
tion of seed takes place is the flower. This is a shoot, 
l)earing sj>oraugia which contain spores, both 
sporangia and spores being concerned in the pro- 
duction of the seed. Function as well as structure 
is therefore involved in the conception of flower. Sporan- 
giferous shoots resembling those of some Angiosperms arc 
found outside the Spermophytes in, for example, Selagi- 
nellay and they have the structural features of flower, but 
they do not form see^d, and are therefore not flower. 
Nowhere, except in the Gymnosperms and Angiosperms, 
do we find such sporangiferous shoots implicated in thj 
physiological processes which result in the seed. Tho 
microBporangia (pollenrsacs) containing microeporeti {pollevr 
grains) and the rmyasporan^va {pvtdes) containing tnegor 
spores {emjbry(hS(Ms) are enclosed in leaves, respectively, 
the mtcrosparophylh {stanwiis) and the rnsgasporophyllM 
{carpels) attached to the axis {tcyms) of the flower. 
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These leaves may be together on the same torus 
{hmmpkrodUe flower), or on separate ones {tmisexual 
flower). The stamen has t^ically a petiolar portion 
(fllamefU), and a laminar ponion (anther), and within the 
latter the pollen-sacs, of which there are commonly four, 
each containing many pollen-grains, are embedded. The 
carpel is a leaf folded upon itself to form an ovary investing 
the ovules. These arise, each with its embryo-sac, from the 
tissue of the placenta placed either upon the carpel (foliar) 
or uiK)n the torus (cunal) which projects into the cavity of 
the ovary ; in epigynous flowers the torus shares more or 
less in the formation of the wall of the cavity. The apex 
of the carpel is more or less prolonged as the stt/le uijon 
which a special papillar or hairy secreting germinating 
surface of varying extent, the stigma, is developed. Upon 
this stigmatic surface the pollen-grains which are carried 
to it (poUinatton) from their mother pollen-sacs, continue 
their germination, and then through the }M>llen-tube the 
male gametes they produce are conveyed to the female 
gamete enclosed in the megaspore. The anther -wall 
enclosing the pollen -sacs is commonly no more than an 
epidermis in the greater part of its extent, and usually 
contains i)arasolar colouring substancx^s which protect the 
developing pollen-grains. It forms with the walls of the 
pollen-sacs a hygroscopic mechanism, through which it 
is ruptured in deflnite areas for the esciipc of the 
pollen-grains at the period when these arc mature. The 
ovarian wall is green, or possesses at least sonu* chloro- 
phyll and frequently meristtmi, and thereby is fitted 
for the subsequent developments through Avhich it 
becomes the fruit, enclosing for a longer or shorten* 
period the seeds into w’hich the ovules develop. The 
number, form, size, colour, cohesion, adhesion, branching of 
the sporophylls give manifold variety of flowor-stnwjturc, but 
^e features in the sporophylls wdiich are of significance 
from the phyletic standpoint, and by which the Angio- 
spermsras a wholf|||||re distinguished from the Gymnosperms 
are — (1) the greater prdtf^tion aflbrded to the ovules by 
their enclosure within #bq^Vary of the caryxd, and (in the 
higher forms) within tifci^rus itself, and to the ixilleii- 
sacs by their investment in the anther ; and (2) the 
provision of a carpel lary germinating surface in the 
stigpa for the pollen -grains, with the correlated sixjcial' 
izatiou of the stamen into filament and anther. The 
flower may be constituted by the sporangiferous 
•MvWojMs. alone, and the siiorophylls are sometimes 

spoken of as its essential organs. Hut the pu,rts 
which give conspicuousness to most flowers, and which are 
indeed in the popular and gardtjning sense of the term 
“ flower imix)rtant ones, are the flower-envelopes ~ 
ocUgx of sepals and corolla of petals. One of these only may 
be present. Their presence is a mark of angiosiHirmous 
structure, the flower in Gymnosperms having only obscure 
liomologues. Sepals are typically green, and share therefore 
in the assimilation-w*ork of the plant, no doubt aiding in 
meeting the very great demands made ujion the plant- 
energy by spore -formation in the flower and its conse- 
qupneos. They are frequently persistent and active in this 
way during the whole period of maturation of the seed. 
Whilst in the earlier stages of the flower - development 
they serve as protecting structures to the parts within, 
they also when persistent provide a protection, or it may 
be an aid in dissemination, to the fruit or seed. The 
brilliant colours of the flower are most frequently located 
in the petals, although the sepals and sixirophylls and 
adjacent parts are also often colom^d. With the calyx the 
corolla serves as a protection to the young sporophyiH 
especially from wet. ' Once expanded the petals may 
renmn so until they are shed, as they usually are after 
pollination has been effected, or they may with the calyx 
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close over the sporophylls and open again, more than once, 
in res^nse to various external stimuli. Their colours, 
primarily parasolar, api^ear to ha attractive to birds and 
insects, and these by their visits aid in the }X)llinatiou of 
the flower, and have been agents in the intensiiication of 
the colours through selection. The leaves of the flower- 
envelopes vary in every way more than do tJie s])oro 
phyUs, and show frequently oxtremo specialization in their 
forms, which in many cases appear to be correlativl 
with the visits of birds and insc^cts. Another accessory 
feature present in many flowci-s, and e«pi‘ciall} 
in those with c-olonr, is the secretion of honey, ^ 
vrith the associated odour, from nectaries. These nectaries, 
often termed nuptial, to distinguLsh them from similar 
ones which occur upon jiarts of the plant away from th(j 
flower (eriranupfial), may arise upon the torus independ- 
ently of the floiver-leaves, or may 1 h* produced by any one 
of these leaves. The secretion is usually (lischarged from 
till* nectaries, but in some eases is retained, and can only 
l»e secured by puncture. Odour apjiears to lie the most 
iMitont attraction to birds and ins(*cts possessed by fIow(*rs. 

The flower has priinaiily a radial uoiiKtriiction witli u Hjtiial or 
cyclic (or tliOHc combined) dis]>omti()ti of tlie flowt*r- leaves , tlie 
tennlual flower of an infloreKce’iu is always rndial. Ijateral 
flowers may be radial, but arc Iretpieully dorsiventml, a con* 
Htmction which, primarily an adajitation to physical m ^hIs, has 
been intensified uy insect-agency. Thu relative ininib*ir and 
positions of the different kinds of flower-leaves are ( liaiacteristie 
features, and in lateial floi^ers have a definite relatioiisliip to tlie 
iiiother-axis of Ihe flower, as well as to the proi>liyl!.s--lhe coniniuii 
trimery of Monocotylcdones shoning typically an anterior sepal 
m relation to the one jiostenor proi»hylf, whilst in the pentaniery 
and dimery of Dicotyledones there is usually a posterior sepal 
with a pair of lateral propliylls All those lelationslups (and 
they are of great variety) of the flower-leaves are of I'onsiderahle 
value in tho estimation of thc> genotie relationships of tin* families 
of Aiigios)xinns. The formation of flower concludes the grow ih in 
length of the axis to which it bedongs. If this be the primary, or 
relatively piiinary axis the plant is monaxial ; the nmjonfy of 
plants are, however, the flow^ors belonging t(» axes of 

higher degree. In both eases tliore is a tondoney to aggrt'gation of 
the flowers in iutioreseencos, whereby small floweis become more con- 
spicuous and the function c»f the flower is promoted. The juisition 
of tho sporophylls at the end of their axis gives them prominence, 
and the whole arrangement of flower, wdicthei solitary or in m 
florcseeiices, at the extremity of shoots, and its pioje(tion, as 
is common, b<*yond the vegetative organs is of obvious advantage. 
In contrast with the usual relation, eaulifiorovs trees art* not 
uiicoinmoti in the tropies. In them the flowers wliieh ha^e often 
somewhat fleshy flow er-ein elopes, and are always odorous, app(*ar 
sniglj^ or in groups upon small short-lived tw'igs, which develop 
from persistent axillary buds, oi are found issuing from ‘‘latent 
eyes ” in the hark. Their i>Ohition elose to tlie seat of reserve- 
food iH evidently im eeonomieal oin*, and may have a relation to 
])oliinatioii, and their occurrence in tropical trees and absence 
from those of temperate regions may be made possible by the 
thinner bark <li*\elo|H*d upon trees in the tiopies The antagon- 
ism observable between vegetative and reproductive fiiiietions is 
well known, and eiivironmciilal conditions such as physiological 
drought and low' temperature, which are unfavourable to vegetative 
activity, are not so iiiifa\oiirabh‘ to, and even iav our, rejU'iMluction. 
Perioflieity in flowcTiiig is most marked wIuto there is seasonal 
giow'tli, and flowering (onimonly concludes a vegetative period 
ill which takes place an acciim illation of energy sufficient to 
supply the demands made in the seed- formation, the exhausting 
nature of which is shown by the Jong intervals fur reeuperatioii, 
often a doz^n years, between siieeessive full crops in sueli trees as 
bcecL When flower is produced before seasonal vegetative activ ity 
begins, a store of reserve-fooil from preceding }ear is avail- 
able for its formation. Wliere sea »ial growth is not sharply 
marked, as in fiarts of the tropics, du re may be continuance of 
flower during the w'hole year, but not from the same slioots. 
The action orlight in intensifying the colour and odour of alpine 
flowers is well know*i]. 

Tlie Hporogenous tissue is formed within each of the 
four sporangia, two of which are in each lobe of the anther , 
though there may be two only, or there may be «. 
more. Each sporangium has the usual taiietum 
and wall-layer.s, and these are eventually more 
or leas absorbed, as are also certain of the tifusues of tho 
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anther betwixt aoyacent sporangia, so that their cavities 
unite. In the ripe anther, therefore, the traces of the 
original siKirangia are somewhat obliterated. The spores 
are produced in tetrads, each within a sporocyte, by two 
Ruccessivo bipartitions of its energid. In nionocoty- 
ledonous plants each partition is completed by formation 
of a cell-membrane around the daughtcr-energids, whilst 
in dicotyledonouH plants the partition of the mother- 
energids into four daughter-energids is effected before these 
are invested by cell-membrane —a hastening of develop- 
ment obstTvable also olscswhere. The siioreH when mature 
commonly become separated one from the other, but may 
remain united in tetrads, which may themscdvcR remain 
coherent. Kven when isolated the spores do not always 
form a dry powder, but may be entangled by connecting 
threads of the debris of the H|)orangial and antherine tissue. 
Of various sliapes, the mature spores have thcj usual wall 
of two laytjrH, here called the ejcine and The 

exine, more or less cuticularized, may Ikj smooth, but more 
frecjuently exhibits a (lattern through local thickenings, 
and theri* are usually small areas where it is thin and less 
cuticularized, the so-called (jerntrj)ore»^ through which the 
intiue, which is a delicate cellulosic membrane, will pro- 
trude in the later germination of the spore. All these con- 
ditions of shape, pattern, freedom, coherence of the sjiorcs, 
are of intiuite variety ; in this respect they markedly con- 
trast Avith the spore -features in the Tteridophytes, and 
find their (*xj>lanation in the Avork of pollination. Whilst 
still Avithin the tKillen-sac the spore reaches a stage of 
development at which its germination can begin. Its 
energid divides, but the daughter-energids are not of equal 
dimensifins, and neither of them in Dicotyledones becomes 
invested by cell-mernbrane ; in Monoeotyledones this may 
be formed. One, the larger, has a purely nutritive destiny, 
ami IS termed therefore the vefiftative enerifld; the other, 
smaller, is the mother of the male gametes, and is termed 
tlu! en^n/t^L In many dicotyledonous plants 

this generative energid divides in the sjiore to form two 
daughter- (Miergids, each of Avliieh is a functional male 
gamete, and the sjKiro therefoio Avithin the pollen-sac 
contciiris three eiiorgids. In monocotyledonous plants this 
further division of the gt'uorative energid imiy be postponed 
to a later phase of geriiii nation. Thi’se elianges within the 
])olleii-graiii piv,sent ns Avith tin* reduced hoinologues of 
the male gainetophyte and its products in th(» Pteridophytes, 
ami the reduction is much greater than in Gymuosperins. 
The pollen-grain in this condition is ready for pollination, 
and unless this occurs no further change normally takes 
place in it, although it tlie pollen-grains AAuthin the anther 
i)t' wetted, say by rain, one or more futile pollen-tubes may 
be sent out. It is to guard against this that so many 
protective arrangements to the pollen are provided in the 
lloAvor. 

The destiny of the ovule as the nursery of the embryo in 
Spermophytt's imposes tlu» necessity of a more elalKirati^ 
construction than is found iu megasporangia 
■ formation, and this 

^ * linds expression in its envclojxjs and the Avater- 

carrying system and food-store they ]>rovide. The ovule 
arises as a cellular papilla upon the placenta, and as 
it gradually acquires its mature form, from atropous to 
anatropous, and with or without a conspicuous funich, its 
nuctllm liecomes invested by one or tw'o envelopes, the 
infufutnetifA^ Avhich, growing out from beneath its Imse, 
form, by their upward extension, a micro'pyle at its ajicx. 
The vascular bundle -system of the placenta is prolonged 
into the base of the nucellus, but future nucellar develop- 
ment precludes its further extension therein ; it is there- 
fore ai rested exiianding to a varying degree, or it 
spread'^ Aviih often intricate rjunifications in the integu- 


ment -usually in the outer if there be two. These in- 
terments are then ovular (sporangial) outgrowths which 
primarily construct the normal channel of entrance of the 
pollen-tube, and permit of the elaboration of the water- 
carrying system of the ovule, but, retaining more or less 
their meristematic character, they subsequently, when shar- 
ing in the formation of the seed-coat, alter their structure 
and may form ar»7s of kinds. In holoparasites which form 
oATules the integument is often absent. In most gamopet- r 
alous Dicotyledones there is only one, but in Monocotyle- 
dones and most polypetalous Dicotyledones there are two. 
The significance of this is not apparent. That the integu- 
ments are structures of slight phyletic import is shown not 
only by their somewhat varied structure and points of 
origin, but by the fact that in some families, for instance, 
the Banunculacece and the Eosacese, genera are uniteg- 
minous, whilst others are bitegminous. As the nucellus 
develops, spore-formation proceeds within it. The sporo- 
genous tissue is usually a short sub-apical hypodormal 
axile row of cells, one of which becomes the megaspore or 
embryo-sac. There are in some cases several embryo-sacs 
which may develop, up to a certain point, when one takes 
the lead and the others are absorbtjd by it. The embryo- 
sac begins to enlarge at a very early period of the growth 
of the nucellus and elongates in the axis of this and towards 
its base, absorbing the nucellar tissue. It also enlarges 
laterally by the same method. As its enlargement proceeds, 
so do changes in its energid, which divides in the trans- 
verse plane of the sac. The daughter-energids recede to 
the resp^^ctive poles of the elongated sac, and there each 
divides by two successive bipartitions to form a group of 
four. Of the basal jiolar group three invest themselves 
with coll-membrauo and constitute the antipodal cells of the 
mature embryo-sac, tlio fourth moves upwards tOAvards the 
c^quator of the sae. Of the apical polar group three remain 
at the a{K3X, but do not invest themselves with cell- 
membrane, and constitute the so-called eyg-apparatm^ one 
of them larger than the others being the femeUe gaimte or 
egg^ the others the synergulae or /lelp-cells / the fourth, 
which is the sister of the egg, moves downwards tovrards 
the equator of the sac, am I meets the detached fourth 
member of the basal polar group, with which it sooner or 
later coalesces to form the definite energid of the embryo- 
sac. Viewing the embryo-sac as a megaspore, an obArious 
interpretation of these changes Avithin it is tliat they are 
the consequeiujc of its germination, and are therefore the 
homologues of the endospermic prothallus of Gymnosperms 
and of the female gametophyto in the Pteridophytes ; this 
exjilanation has received very general acceptance. The 
antipodal colls Avould be cells of a reduced prothallus ; of 
thi* three onergids of the egg -apparatus, one alone is 
normally functional as the egg, but the synergidac may, it 
has been said, function as eggs. The crux is, however, 
the interpretation of the definite energid, and its forma- 
tion has l>een explained as a case of reinvigoration of a 
decadent vegetative organ by coalescence similar to what 
is frequently observed elsewhere in the plant kingdom, 
notably amongst the Fungi. It would be then an element 
of the prothallus. Other interpretations have traced a 
sexual act, and a coi\jugation of male and female gametes 
in the formation of the definite energid, or a concrescence of 
two female gametes. It is, hoAvever, unntjcessary to discuss 
these, because recent researches have brought to notice 
altogether new facts in the history of the changes in the 
embryo -sac in fertilization, and to them reference will 
presently be made ; these, though they do not clear up 
the difficulties of interpretation of the formation of th«i 
definite energid, must l)C taken as a starting-point iu any 
explanation that may be advanced. The embryo -sac in 
most ovules has arrived at the stage of development above 
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described when pollination is effected. But this is not 
always the case. The embryo-sac may not be formed, the 
ovule itself may hardly be visible when the pollen-grain 
reaches the style, and in these cases it is through the 
stimulus of the growth of the pollen-grain that the changes 
in the embryo-sac are initiated. 

llie pollen-grains escape from the anther by its rupture 
through differences in drying between its epidermal layer 
and the fibrous wall of the pollen - sacs within. 

* Soo!”** pollen-grains are simply exposed 

by this rupture, but in other cases the relations 
of the stamens and the flower-envelopes give rise to an 
explosive mechanism, brought into action either from 
the inside by the natural expansion of the flower, or 
by mechanical disturbance from without, by which the 
])ollen-grains, which in such a case are always dry and 
powdery, are shot out to some distance from the flower. 
The destination of the pollen - grains is the stigmatic 
surface of the carpel, to which they cohere partly through 
the viscid secretion exuded from it, partly through 
entanglement amongst the stigmatic papillae, and to this 
outgrowths of the oxiue may contribute. The proximity 
of tht^ stamens and carixjls in a hermaphrodite flower, and 
the fact of their ripening, as is common, at the same 
time, render possible the direct application of the jiolleii 
to the stigma either by contact of anther and stigma, by 
its falling from anther u]X)u stigma, or in other ways, 
within the one flower. This is self-poHi'imtion and it 
takes j)lace undoubtedly with frequency in nature, and 
may be said to be the miRfm d*itre of the hermaphrodite 
flower. It is often called Belf-fertUizatimi or aniogaray^ 
l)Ut in using these terms and other terms of similar form, 
and they are common, it must he remembered that l>olli- 
nation is only a spore-distribution, and a step on the way 
towards the accomplishment of the sexual act which 
is fcrtilizatim, and which indeed may not result 
aftiT ]K)llination. When the flowers are unisexual 
wiiether on the same plant {nwriijectsm) or on separate 
ones {(lueci8ni)y such facile pollination is precluded, and 
it niu^t be effected by the? conveyance of pollen from the 
htaniens of one flower to the stigma of another. This 
is ernsf, poliinaitony often termed cross -fertilizatimi or 
allogonhy. Experiment has, however, shown that even 
ill hermaphrodite flowers cross - pollination may Iks the 
more effective process in its ultimate result after fertiliza- 
tion has been effected, and that the progeny of a cross- 
pollinated hermaphrodite flower is often lietter than that 
of one self-pollinated. Cross-iKillination is also frequently 
preferi'ed even when the flower is hermaphrodite and self- 
pollination might be i^jssible, for there are arrangements 
of different kinds which may either altogether prevent 
self-pollination or at least promote cross-ixdlinaiion in the 
first instance. Thus the relative iKisition of anthers and 
stigma and the form of the iiollon may be such as to 
])lace a barrier to self - ])oIlination (Jt^cogaviy), or the 
IXiriods of rupture of anthers and of matumtion of stigma 
may be different {dieJiogamy, either prolaiidrotis or pro- 
togynmis). At the same time, in many hermaphrodite 
flowers which are normally cross-iiollinatecl, self-iwllination 
becomes possible before withering, and may take place 
should cross-pollination have failed. On the other hand, 
there are flowers which are so constructed as cutirelj^ to 
exclude the chance of cross-pollination, inasmuch as they 
<lc> not open, and self-{K>llination is therefore a necessity 
(cleisiogamy). The agencies by which cross-pollination is 
effected in Geo[)hytes are wind and animals, and their flowers 
have been classi^ as anemophil(ms and zooid>tophtlons^ in 
conformity with their adaptation to pollination by one or 
other of these agencies. 

Anemophilous flowers are characterized by the prodigal pro- 


duction of powdery pollen, much of which never reaches its proper 
destination, and the }>ollen-grains themselves are „ . 
smooth and light. The anthers as the distributing 
organs are fnely exposed, and the outgo of the 
pcdlen-grains in suitable weather is facilitated by such 
means as the assemblage of the flowers in catkins, 
their hanging from slender pedicels, long slender filaments to 
the anther, ez^sive mechanisms in the flower, and similar 
arrangements. The reception of the pollen is aided by a free 
and extensive entangling stigmatic surface, produced by copious 
branching of the sfyle. Bright colours, nectar -glands giving 
honey, odour, and generally conspiouousness, are more or less 
absent. Many flowers, however, which are anemophilous may 
be also zooidiophilous. There is no doubt that the fertilization 
of many flowers is effected by animals in their transit over the 
areas upon which the plants are growing. Such pollinations are, 
however, entirely fortuitous. On the other hand, the majority of 
flowers are regularly visited by insects of many kinds, and these 
insects effect pollination. Such flowers are entoiuopnilous, and 
are the chief zooidiophilous ones. Here couspicuousness of 
some kind is a primary requirement for the securing of insect- 
visits, and this may bo^ effected in various ways, for example, by 
size and form of individual flower, by aggregation of flowers in 
inflorescences, by coloured and glistening ‘surfaces in the flower 
or in the neighbouring parts. Doubtless the most potent lure i^ 
odour, and alike in connexion with it and with colour it is pro 
bable our senses do not apmeciate scents and colours which are 
recognizable by insects. The gain to the insect by its \iBit is 
the honey, which is often protected in elaborate fashion, so that 
only insects of H|)eoLal form can secure it, and the pollen itself. In 
seeking for the honey the insect becomes dusted with pollen-grains 
from the anthers — which are found in positions in relation to the 
whole form of the flower such that this dusting of the body of a 
suitable insect is readily effected, the pollen-grains themsehes 
having commonly more or loss tuberculatod surfaces, and being 
somewhat sticky— and it carries them to the stigma of flowers 
subsequently visited. Birds sometimes effect pollination ot 
flowers {pmithophilom)t snails are also sometimes the agents 
{malaeophilons)^ and other animals^-in all of these cases the attrac- 
tion of food brings the animal to the flower The relationships of 
flowers to animals, especially insects, are infinite in variety, and 
are the subject of a copious literature. Pollination by insects is 
a prevalent method of cross-pollination at the present epocli, and 
stands in correlation with the evolution of the angiospcrniom 
flower. It is manifestly a more certain and more economical one 
than pollination by wind. Its hazard is the absence of the proper 
insect, especially in cases where the form -development is such 
that but few species of insects can effect it. Pollination by wind 
is a more primitive method. Pollination in the ways doseiibed 
must often result in the application of ])ollen-grains of one species 
upon the stigma of anotner. Such foreign pollen is frequently 
sterile upon the stigma, and no result follows. There is also a 
prepotency in its own pollen belonging to every species, and tlie 
application of one grain of it w ill reuaer futile the germination 
of any foreign pollen upon its stigma. If such pollination by 
foreign pollen is follow'’ed by the completion of the sexual act, 
and an embryo is formed, the offsjiring w'lll be a hybrid. In 
nature such hybrids bctw'oen allied forms nrc common, and they 
are readily produced in cultivation. They may in time be the 
starting-point of specific forms. Generic liybrids are not so 
common in nature, but in certain families of Angiosperms quite a 
number have been produced in liorticultural practice. 

pollination having been effected, the pollcMi -grain 
moistened by the vi.seid secret ion upon the stigma 
rosiiine.s active? growth. The iiitine investing 
the vegetative energid is protruded tlirough ^erm/na- 
one of the gerin-pon\s as the pollen -tube, and tioaof 
apimrently under chemiotactie influence grow.s 
downwards through the style, dissolving its 
tissue by the aid of an enzyme. The vegetative energid 
found at the tij? of the tube, and in dieoty ledonous jdants 
is followed out of the spore l\v the male gametc.s, in 
monoeotyledonous plants by the generative energid whicli 
then divides in the tube and forms a pair of gametes. 
The pollen- tube reaches the cavity of the ovary and 
commonly passes along the placenta, guided by projections 
or hairs, to the microj^yle of the ovuh? ; this it enters, and 
dissolving its way through any cells of the nuccllus intei - 
vening between it and the apex of the embryo-sac, it 
pierces the latter. This piercing, however, is not always 
necessary, for the egg-afqiaratus may have develo[»ed so as 
to rupture the cmbry'o-sac, and e\en the apex of the 


t 



ANGIOSPERMS 


436 

nucellus, so that it projects into or beyond theraicropyle. By 
this time the two male gametes have passed the degenerated 
vegetative cnergid and arc at the aiiex of the tul)e, and 
this now l)eing softened they escape into the plasm of the 
embryo-sac. The gametes, as observed in recent investi- 
gations, have vermiform nuclei somewhat thickened at the 
end, and exhibit a finely porose structure ; they are not 
unlike the spermatozoids of some Pteridophytes, and they 
are sometimes so named, but their indeixindcnt movement, 
without or by means of cilia, has not bwn observed. One 
of the male gametes thus discharged, reaches the egg and 
impregnates it. The fate of the other was until 
tlott. recently not traced, and it was 8 Uj»]) 08 cd to dis- 
integrate in the plasm of the embryo -sac, or 
occasionally to coalesce with synergidie. now know, 
however, that in several plants it jmsses downwards, 
perhaps passively tranH|)ortcd by the streaming of the 
protoplasm in the embryo-sac, to the two jwjlar energids 
which liavo not yet coalesced, and it unites with the apical 
|)olar one, or it may await their coalesexmce, and then 
unite with their combination — the definite energid of the 
embryo -sac. The fusion of the second male gamete 
apparently precedes the impregnation of the egg by the 
first male gamete. This remarkable double fertilization 
as it has been cik.lled, although only recently discovered, 
lias b(»cn proved to take place in widely sejiarated families, 
and both in Monocotylcdones and Dico^yledonos, and there 
is every probability that, pi‘rhaj)s with variations, it is the 
normal process in Angiosperms. It gives a history of the 
second male gamete. Whilst the pollen -tnlK^ normally 
reaches the apex of the embryo-sac through the micropyle 
(aerot/ami/ or poToqamy\ it may pierce the embryo-sac at 
the chalazal end or at the side (Itmujamy or duilazogavny) 
by entering the Imse of the nucellus and making its 
way upwards, using as passages, it may l>e, the cavities 
of aborting embryo-sacs. After imjKegnation the fertil- 
ized egg st'gments to form the mnbryo, the synergidie 
having long before disintegrated, and the impregnated 
definite energid also enters sooner or later ujum division 
which results in the furmation of endosi»erin , the anti- 
IK)dal cells often disintegi*ate at the same time, though 
they may undergo miiltiidication first. Jt has long been 
known, that after fertilization of the egg has taken place 
the formation of endosperm lii*giris from th(j definite 
energid, and this had eoiii(» to bo regarded as the recom- 
mencement of the development of prothalJus after a pause 
following the reinvigorating union of the ])olar energids. 
This view is still maintained by those who differentiate 
th(‘ two fertilizations within the embryo-sac, and regard 
that of the egg by the first male gamete, as the true or 
generative fertiliziition, and that of the polar energids by 
the second male gam<?te as a vegetative fertilization which 
gives a stimulus to development in correlation with the 
other. If, on the other hand, the endosperm is the pn)duct 
of an act of fertilization as definite as that giving rise to 
the embryo itself, we have to recognize that twin plants 
are produced within the embryo-sac — one, the embryo, 
which becomes the augiosjierraous plant, the other, the 
endosperm, a short-lived undilferentiaU'd nurse to assist in 
the nutrition of the former, ewen as the subsidiary embryos 
in a pluriembryonic Gymnosi»erin may facilitate, the nutri- 
tiou of the dominant one. If this is so, and the endo- 
s|)erni like the embryo is normally the product of a 
sexual act, hybridization will give a hybrid endosperm as 
it does a hybrid embryo, and herein (it is suggested) we 
may have the explanation of the phenomenon of xenia 
observed in the mixed endosperms of hybrid races of 
maize and other plants regarding which it has only been 
possible hitherto to assert that they were indications of 
the extension of the infiuence of the pollen beyond the 


egg and its product. This would no^ however, explain 
the formation of fruits intermediate in size and colour 
between those of crossed parents. The signification of 
the coalescence of the polar energids is not explained by 
these new facts, but it is noteworthy that the second male 
gamete is said to unite sometimes with the apical polar 
energid, the sister of the egg, before the union of this 
with the basal polar one. The idea of the endosperm as 
a second subsidiary plant is no new one ; it was suggested^ 
long ago in explanation of the coalescence of the polar 
energids, but it was then based on the assumption that 
these energids were male and female gametes, for which 
there was no evidence, and which was inherently improb- 
able. The jiroof of a coalescence of the second male 
gamete with the definite energid gives the conception 
a more stable basis. 

By the segmentation of the fertilized egg, now invested 
by cell -membrane, the embryo -plant arises. A varying 
number of transverse segment-walls transform ^ 

into a pro-emiiryo — a cellular row of which the 
micropylar cell becomes attached to the apex of 
the embryo-sac, and thus fixes the |K>sition of the develop- 
ing embryo, and the terminal cell is projected into its 
cavity. In Dicotyledones the shoot of the embryo is 
wholly derived from the terminal cell of the pro-embryo, 
from the next cell the root arises, and the remaining ones 
form the suspensor. In many Monocotyledonea the ter- 
minal cell aj^pears to form the cotyledonary portion alone 
of the shoot of the embryo, its axial part and this root 
l)eing derived from the adjacent cell ; the cotyledon would 
thus be a terminal structure and the apex of the primary 
stem a lateral one — a condition in marked contrast w ith 
that of the Dicotyledones. It is known, however, that 
in many Monocotyledones the cotyledon is not really 
terminal. The primary root of the embryo in all Angin- 
sjKjrms points towards the micropyle. The developing 
embryo at the end of thci susjH*nsor grows out to a vary- 
ing extent into the forming eiidosiierm, from which by 
surface absorption it derives plastic material for growth ; 
at the same time the suspensor probably plays a direct 
})art as a carrier of nutrition and may even develop, 
where perhaps no endosperm is formed, sjiecial absorptive 
“ .susjiensor roots ” which invest the developing embryo or 
pass out into the body and coats of the ovule, or even 
into the jilacciita. In some cases the embryo or the embryo- 
sac sends out haustoria into the nucellus and uvular in- 
tegument. As the embryo develops it may absorb all 
the jilastic material available, and store either in its 
cotyledons or in its hypocotyl what is not immediately 
required for growth as reserve-food for use in germination, 
and by so doing it incrcasi^s in size until it may fill 
entirely the embryo-sac; or its absorptive power at this 
stage may be limited to what is necessary for grovvlh and 
it remains of relatively small size, occupying but a small 
area of the embryo -sac which is otherwise filled with 
endosperm in which the reserve-food is stored. There are 
also intermediate states. The position of the embryo in 
relation to the endosperm varies, sometimes it is internal, 
sometimes external, but the significance of this has not 
yet been established. Apoganiy sometimes occurs in 
Angiosperms. As a rule the embryonic shoots are 
developed from the nuc^llar wall, or from the synergidm, 
or from the antiiiodal cells, and polyembryony is the 
result. In Erythronium^ however, polyembryony is the 
result, of a process recalling features of Gymnosperms, for 
the embryos arise from the segmentation of the terminal 
cell of Ijie suspensor — that which normally produces the 
one embryo. True parthenogenetic apogamy is said to 
occur in Antenmiria alpina. 

The formation of endosperm starts, as has been stated, 
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from the definite energid of the embryo-sac, and the 
process of double fertilization above describerl gives 
new interest to its development. The segmen- 
Badotperm. fertilized definite energid always 

Ijcgins before that of the egg, and thus there is timely 
]>rci)aration for the nursing of the young embryo. If in 
its extension to contain the new formations within it the 
embryo-sac remain narrow, endosperm formation proceeds 
^pon the lines of a cell-division, but in wide embryo-sacs 
the endosperm is first of all formed as a colony of energids 
(coenobium), and only gradually acquires a pluricellular 
character, the change starting from the sides or ends of 
the embryo -sac. The function of the endosperm is 
primarily that of nourishing the embryo, and its basal 
position in the embryo-sac places it favourably for the 
absorption of plastic material entering the ovule. Its 
duration varies with the precocity of the embryo. It may 
be wholly absorbed by the progressive growth of the 
embryo within the embryo- sat*, or it may persist as a 
definite and more or less conspicuous constituent of the 
scetl. When it persists as a massive element of the seed 
its nutritive function is usually ajiparent, for there is 
accumulated within its cells reserve-food, and according 
to the dominant substance it may be starchy, oily, 
cellnlosic, aleuronic, and so forth. In cases where the 
embryo has stored reserve -food within itself and thus 
provided for self-nutrition, such endosperm as remains 
in till* seed may take on other functions, for instance 
that of water-absori)tion. 

As the development of embryo and endosperm proceeds 
within the embryo -sac, its wall enlarges and commonly 
absorbs the substance of the nucollus (which is 
BnU Mad enlarging) to near its outer limit, and 

‘ combines with it and the integument to form the 
srrri v(tat ; or the whole nucellus and even the integument 
may be absorbt'd. In some plants the nucellus is not thus 
abs(»rbed, but itself becomes a seat of deposit of reserve- 
lood constituting the peri^ipenn which may coexist with 
endosperm, or may alone form a food -reserve for the 
embryo. Kudospermic food -reserve has evident advan- 
tages over pcjrispermic, and tlie latter is comimratively 
rarely found and only in non-progressive series. Seeds in 
which (mdosperm or perisjMjrm or both are said to exist 
are commonly called albuminom, those in which neither 
is found are termed exalfmnUiwm, These tc?rms, exten- 
sively used by systomatists, only refer, however, to the 
grosser features of the seed, and indicate the more or less 
evident occurrence of a food - reserve ; many so-called 
cAalbuminous seeds show to microscopic examination a 
distinct endosperm which may have other than a nutritive 
function. The character of the seed-coat bears a definite 
relation to that of the fruit which is derived from the 
ovary, and it may be from accessory parts as well. Their 
function is the twofold one of protecting the embryo and 
of aiding in dissemination ; they may also directly pro- 
mote germination. If the fniitfis a dehiscent one and the 
s(ied is tJierefore soon exposed, the seed-coat has to provide 
for the protection of the embryo and may also have to 
secure dissemination. On the other hand indehiscent 
fruits discharge these functions for the embryo, and the 
seed- coat is only slightly developed. Dissemination is 

Disapmiaa agency of water, of air, of 

tion, awinials — and fruits aud seeds are therefore 

grouped in respect of this as hydrophilous, 
anemophilous, and zooidiophilous. The needs for these 
are obvious — buoyancy in water and resistance to wetting 
for the first, some form of parachute for the second, and 
some attaching mechanism or attractive structure for the 
third. The methods in which these are provided are of 
infinite variety, and any and every part of the flower and 
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of the inflorescence may be called into requisition to 
supply the adaptation. Special outgrowths, arils, of the 
se^-coat arc of frequent occurrence. In the feature of 
fruit and seed by which the distribution of Angiosperms 
is effected we have a distinctive chameter of the class. In 
Gymnospernis we have seeds, and the carpels may becoiiu* 
modified and close around these, as in Fitius, dui'iiig the 
process of ripening to form an imitation of a liox-like fruit 
which subsequently oixiumg allows the seeds to escapi* , 
but there is never in them the closed ovary investing from 
the outset the ovules, and ultimately forming the ground- 
work of the fruit. 

Their fortuitous dissemination does not always bring 
seeds upon a suitable nidus for germinatioii, the primoiy 
essential of which is a sutiicienoy of moisture, 
and the duration of vitality of the embryo is a Oermiaa- 
point of interest. Some seeds retain vitality 
for a period of many years, though there is no 
warrant for the jiojmlar notion that genuine “mummy 
wheat ” will germinate ; on the other hand some se(‘ds 
lose vitality in little more than a >ear. Further, the oldrr 
the seed the more slow as a general rule wull gt‘nninatiou 
be in starting, but there an? notable exceptions. This 
pause, often of so long duration, in the giowtb of the 
embryo between the time of its perfect development 
within the seed and the moment oi germination, is one of 
tlie remarkable and distinotivo features oi the I lie of 
Siiermophytes. The aim of germination is the fixing of 
the embryo in the soil, effectetl usually by incaiis of the 
root, which is the first part of the embryo to apjjear, in 
preparation for the elongation of the ei>icotyledouar> 
portion of the shoot, and then* is infinite \ariety in the 
details of the process. In albuminous Dicotyledones the 
cotyledons act as the absorbents of tlie reserve-food of the 
seed and are commonly brought alcove giound {epigeuns), 
either withdrawn from the seed-coat or carrying it upon 
them, and then they serve as the first green organs of the 
plant. The hypocotyl commonly plays the greater part 
in bringing this about. Kxallmminons Dicotyledones 
usually store reserve-food in their cotyledons, which may 
in germination remain below' ground (hgpogeom). In 
albuminous Monocotyledones the cotyledon itself, prob 
ably in consequence of its terminal position, is commonly 
the agent by which the embryo is thrust out of the seetl, 
and it may function solely as a feeder, its extremity de- 
veloping as a sucker through which this endospnii is 
absorbed, or it may become the first green organ, the ter- 
minal sucker dropping off with the seed-coat when the 
endosperm is exhausted. Exalbuminous Alonocotyledones 
are either hydrophytes or strongly hygroi)hilou8 plants 
and have often peculiar feature's in germination. 

It has been possible here only to depict what appear to 
be general features of sexual rejiroduction in Au^osperms, 
and these after all r(*st upon observation within only a 
limited circle of forms. A new chapter in the history ol 
our knowl(*dge of the changes in the embryo-sac is o|)ened 
by the discovery of double fertilization, and the w^hole 
subject requires reinvesiigation. 

Distribution by seed apjiears to satisfy so well the 
requirements of geophilous AngiosjK*niis that distribution 
by vegetative buds is only an occasional process. Agamo- 
At the same time every bud on a shoot has the geaetic 
capacity to form a new plant if placed in suit- 
able conditions, as the horticultural practice of 
projiagcition by cuttings sh(»w's ; m nature we see plants 
spreading by the rooting of their shoots, and buds we 
know may Ixj freely formed not only on stt*nis but on 
leaves and on roots. Where detacliabl<‘ buds are i»ro- 
duced, which can be transported through the air to a 
distance, each of them is an incipient shoot which may 
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have a root, and there is always reserve-food stored in 
some part of it. In essentials such a bud resembles a 
seed. A relation between such vegetative distribution 
buds and production of flower is usually marked. Where 
there is free formation of buds there is little flower and 
commonly no seed, and the converse is also the case. 
Vivi|)arous plants are an illustration of substitution of 
vegetative buds for flower. 

II. Aeropliyt4i», — The cecological category of Aeroijhytes 
is a much smaller one than that of Geophytes, and, un- 
like the latter, tliey are not afl:ected by ^aphic environ- 
ment. An aerophyte is an autotrophic plant growing upon 
another, to which it is commonly fixed by its roots. The 
term epiphyte^ commonly given to them, is so frequently 
used to d(isigiiato the |X)sition of saprophytes and parasites 
upon host-plants, that it is better avoided as the name of 
the (ecological category we are dealing with. Aerophytes 
are found amongst both Dicotyledones and Monocotyle- 
doncs and in many families. They may be herbs, shrubs, 
or tre;^8. They are derived from geophytes, and their mode 
of life, while it enables them to reach better conditions 
of light, makes them dependent wholly upon epedaphic 
environment, and their distribution over the world is 
markedly contingent upon a supply of atmospheric mois- 
ture. Their home is the damp woods of the tropics and 
of the warm temperate regions. The conditions of life of 
afi aerophyte make its supply of water somewhat pre- 
carious ; it has therefore to provide for the jirotoction of 
what it secures, and for the rapid absorption of any coming 
within reach. For the former of these purposes it most 
commonly has some form of water-storage which gives it 
succulence in leaf or stem ; the cuticle is thick and the 
stomata arii sunk, and a c(mtiiig of hairs is found occasion- 
ally though rarely. For the latter purpose the roots, 
which are fr(M|ucutly copious, often have a velamen ; ex- 
posed to light they form chlorophyll and become accessory 
organs of carbou-dioxide-assimiiation, or they may take on 
the whole duty of this, the leaves being then suppressed. 
Sometimes in rootless tonus absorptive hairs enable the 
]>!ant to take water }»y its whohi surface. The seed of an 
a Tojihyte usually germinaU?8 upon the supporting plant, 
and it is rare for a geophyte subsequently to become an 
at‘rophyte ; on the other hand several cases are known 
of a juvenile aerojihyte becoming a geophyte when older, 
and smothering its nurse as it descends to the soil. These 
plants are therefore only fvendaerophytes. In some aero- 
philous Bromeliads the rosette of leaves forms a cup in 
which water collects ; into this debris both organic and 
inorganic falls, and produces a nutrient solution in which 
hydro])hyti*s like Utricularia may live. The Broineliad 
absorbs this fluid by special hairs, aud is therefore a 
partial saprojihyte ; its i*oots are only anchoring organs. 
Such plauts are call(‘d Taak Aerophyt4f6, A somewhat 
similar condition, diflering only iu soil being collected 
iustead of water, is seen in Nest Aerophytes, Here some 
roots or leaves torm, with the stem of the sujiporting plant, 
a recejitacle iu whi(*h debris accumulates and makes a soil 
into which fei'ding roots from the aerophyte pass ; in 
this case there is an approach to the geophytes. Many 
aerophytes have brilliant flowers highly s|jecialis 5 ed for 
entomophilous pollination. The seeds are small and light, 
or have flight arils or a succulent fruit -envelope, and 
can readily enter a crack of tree -bark. Dissemination is 
auemophilous or zooidiophilous, sometimes also the rain 
may be the agent. Vegetative iirojmgation hardly exists, 
but portions of the shoot of Tdlnnthia usneoides are said 
to Ik‘ carried by wind and birds. 

III. Hydrophytes, — Plants of the (ecological category of 
llydroj)hytes dwell in a more uniform environment than 
is the lot of Geophytes or Aerophytes, and hydrophilous 


features are found in many cycles of affinity amongst 
Dicotyledones aud Monocotyledones. Typical hydrophobes 
live submerged in water. Their general physiognomy is 
that of delicate flexible herbs which rapidly shrivel on 
ex(K>sure to the air. In their environment their w'ater- 
Bupply is not a first charge upon the organization, because 
diffusion can take place at every point, but the gaseous 
supply, owing to the slow diffusion of air iu water, and 
the supply of radiant energy, owing to the feeble penetra- 
tion of light, are matters of first moment. Further, the 
density of the medium reduces the need of intrinsic 
support. To those conditions hydrophytes are adapted 
first of all by an extension of the shoot -surface, secured 
by elongation of the leaves into a riband form in moving 
water, or by their division into filiform segments in still 
water; at the same time the sy.stem of air -canals is 
greatly doveloiied. Then the chlorophyll apparatus lies in 
the peripheral layers of the organism, ])a1isade-4:issue being 
absent, and the strengthening tissue is always reduced in 
amount, and so forth. In the absence of transpiration there 
is a reduction or, it may be, a suppression of the root- 
system, and it is often only developed as an anchoring 
organ. No stomata are formed ujion the shoot, and the 
cuticle is everywhere only feebly formed. The carrying 
system too is greatly simplified, both by reduction of the 
number of vasa anti of their area, and it is concentrated 
as a central strand in the axis, just as it is in ordinary 
roots, and thus is favourably placed in relation to tho 
pulling strains to which the shoot is subjijctisd under the 
currents of water. The growing points are frequently in- 
vested by mucilage, which acts as a protection to them. 
Many of these features of hydrophytes are observable iu 
hygrophilous geophytes, and there are all stages of tran- 
sition between the two typt*8. Thus when in hydrophytes 
the flowers are brought above the surface of the water, one 
or more flat floating leaves may be developed to sup 2 >ort 
the plant at the surface, or the floating leave>, may i>re- 
domiuate. Floating plants also occur in which the leaves 
are variously modified to ac‘t as floats. In all cases where 
parts of the shoot reach the air they develop more or less 
geophytic features. Amongst the ino.st remarkable ol’ 
hydrophytes are the l^)dostemaeea* — tropical dicotyle- 
donous plauts of C4iscad(‘s aud rapidly flowing water. 
They have the habit of Bryotjhytes. The root forms a 
branched dorsi ventral chlorojihyllous thallus-like structure, 
attached by hairs and siieeial branches {haptera) to rocks, 
and it is tht*. chief structure for the assimilation of carbon 
dioxide. The shoots, which are also commonly dorsivciu- 
tral, arise as outgrowths from it and Iwar small, usually 
divided, leaves. Mariue hydi’ophytes which are subject to 
exjiosure betweim tides have often some of the xerophilous 
features of lialojibytes. In their flower -struct lire typical 
hydrophytes show great simplification where the flowers 
arc persistently submerged. They are frequently uni- 
sexual and the flower- cm vel opes are reduced. For sub- 
aqueous jiolliuatioii the poUeu is often vermiform of about 
the same s])eciflc gravity as the water, whilst the stylos 
are long and filiform so as to increase the chances of tho 
act lx3iiig accomplished. Sometimes pollination takes 
place on tho surface of the water, and then in various ways 
tho 2 x>llen is brought to the surface, where it comes iu 
contact with the stigmas. Often tho fiowers are raised iu 
the air above the water, and then they exhibit the filatures 
of anemophily or zooidiojihily. Many hydrophytes have 
embryos of peculiar form and remarkable germination. 
Amongst Monocotyledones most hydrophytes are exalbu- 
minous and the embryos are macropodous through storage 
of food-material. Vegetative projiagation by the detach- 
ment of portions of the shoots or of definite buds is not 
uncommon amongst hydrophytes, and these, readily 
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•carried by 'water-carrents, serve as a means of distribution. 
To this circumstance is probably due the vide area of dis> 
tribution of many hydrophytes. 

A typical Angiosperm is an autotrophic (prototrophic) 
plant. By this we mean that it is able to build up its 
Atttotro^ food-material within itself from inorganic 

pbttm ana substances taken by it from without. In the 
Matotro* early juvenile phases of their life, however, 
pMam. many such autotrophic Angiosperms are hetero- 
* trophic^ that is to say, they take in their organic food- 
material from without, inasmuch as they feed in 
germination upon reserve-food stored up within the seed, 
frequently by means of a special sucker produced by the 
cotyledon. This is after cdl only a case of prolongation 
of the nursing process common to all embryos, and of the 
drawing of food from one set of cells to another which is 
characteristic of the higher plants in consequence of their 
colonial organization. On the other hand some Angio- 
sperms are persistently heterotrophic, either as mprophytes 
(metatroi»hic) or as parasitea (paratrophic), and this 
manner of life involves some kind of aynlhiosis. Between 
truly autotrophic Angiosperms and truly heterotrophic 
ones there are all degrees, and such intermediate forms 
have been designated mixoirophijc^ 

A typical saprophyte is a ))laut which derives its food- 
material from dead organic matter. This method of feeding 
18 associated with the presence of the mycelium of a 
fiXaSm. fungus attached to the absorbing system and form- 
* ing a myeorhiza, and there is a reciprocal symbuma 
between the Angiosperm and the fungus w'hich is endophytic ^ 
■only rarely ectopkytic, Rcductiuu of llie vegetative system of 
the Angiosperm accompanies this. The subterranean portion 
of the plant is small and the roots may be absent, in the 
shoot chlorophyll is siqmrossed, and commonly a brown niginont, 
the use of which is uiiKiioun, is ))icscnt; there are only scale - 
leaves, and the carrying system is rudimentary. Such typical 
saprophytes are holoaaprophytca. Where chlorophyll is present 
lu smaU amount the plant is able to manuracturo some at 
least of its carbonaceous food and is tboii a hemisaprophyte, 
Angiospermous holosaprophytes arc nut common. They are 
known amongst Gentianeie and Monotropcie only of Dicotyle- 
don cs, and most ol them are Monocotyledoues of the Orchmew, 
Burmaiiniaceic, and Triuridcui. They are derived from auto- 
iiopliic forms and do not appear to be associated with any special 
climatic conditions, but, as their structure would suggest, are 
most of them jdants of shade and moisture. A large number of 
Angiosperms whicli appear to be independent autotrophic forms 
are now known to engage in a form of symbiosis, the exact 
relations in uhich are not yet determined. More or fewer of 
their rootlets have their extremities invested by a ueft of hyphal 
mycelium as an ectophytic myeorhiza. This is not constant in 
‘One 8j)ecio8, nor do all rootlets of one jilant show it. Its frequency, 
however, indicates some reciprocal relation between the Angio- 
sperm and the fungus. The occurrence of inyvodoniatm upon 
the loots of plants of Lcgumiuosie as uell as of otlicT families is a 
result of a symbiosis, and is of supreme inqiortaiico in agriculture 
on account of the accumulation of nitrogenous material tiiat takes 
place within thorn. The fact known to gaixicncrs that, as the 
Wood of tubs in which largo plants arc grown gi'adually decays, 
the roots of the occupant spread into it and there develop 
myeorhiza, usually cndo]>hytic, ))Oints in the direction of the 
facultative saprophytism of all Angiosperms. Tlie habit ]iossessed 
by a few ])lauts of ditferent cycles of afliuity of capturing insects 
in traps ol various kinds, onaliles them to obtain an accession to 
their supply of nitrogen. In .‘ome of tlicrn a jiroteolytic enzyme 
brings about the digestion of the insect for the benefit of the 
]»Uiit (Droseracew, ^<c]M*nthaceifc), in other cases tbeie appears 
to b.; no enzyme, and the plant absorbs soluble nitrogenous sub- 
stances formed in normal ]mtrefaction (Sarraccniaceie). Some 
carnivorous we hydrojdiytes (Utncularia). The flow^er- 

structure of typical saxirophytes nas no feature of jipccial interest, 
hut it is much to he wished that w^e had full knowledge of the 
changes in the embryo-sac and of the phases of embryo^eny. 

A parasite takes all or a portion of its food -material from a 
living lioat into which it penetrates. The degree of conucMoii 
between the two and the dexiendence of the xiarasite 
upon the host vary betw^een the comxdeteness of that 
of holoparaaitie Khizanths, in which little more tnan the flower of 
the x^arasite is visible ux>on the outside of the stem of the host 
And the parasitism is absolute, and the limitation of that of the 


lumiparaaitic Rhinanthese, in which to all aiix^earame tlieie is an 
independent autotrophic geophyto, for it possesses chlorophyll 
and its union with the host is confined to isolated ]>ointd below 
ground. The seat of attachment of the parasite may be either 
the root or the stem of the host ; sometimes, in the case of tw ining 
Xiarasitcs, the loaf may also be made use of. In the simx>lcst 
cases the parasite develops a sucker {hauatorium), Iroin the 
centre of which piercing connexions of kinds proceed, uii<l it then 
maintains its individual shoot develoximeut, which ma> be that 
of a herb (annual or perennial), shinib, tree, or bane, outside the 
host. But in the more advanced conditions of x>ara.sitisiii the 
reduction of the vegetative system of the parasite is so great that 
its individuality outside the host is lost, and it apx>eats Sb a web 
of threads running within and blending with the tissiieb ol the 
host, in the manner of a mycelium, or forming with the tissue ol 
the hosts tuberous conjoint stock from which the rcpioductivc 
system shoots. All augio8X>ennous parasites are dciivcd from 
autotrophic fonns, butUhe modification in the form and structure 
of their organs — both vegetative and reproductive — induced by 
the x>&rasitiBm, makes the relation of holoparasitic gi'oujis some* 
what obscure. Parasitism is unknow'n amongst Monocutylcdones, 
but has apx>eared more than once amongst Dicutyledoiies. 
Cytincee, Balanophorete, Orobanchaceie, Lcniioacece, are families 
of differing x^ositlon wlilch are characteristically holojiarasitic. 
Loranthaceie and Santalaceoe arc ciiielly heTni]iara.<«itn , as are 
most of the -parasitic Scroxihularineie. Parasitism is not 
associated with any 8]>ecial epedax>hio conditions, and there arc 
no hydrophilous parasites. It occurs in all regions ol the world, 
and in the varying environment ol dark damp tiojucal woods, 
arid plains of warm regions, trox>ophil w'oods of tenixieratc legions, 
and alxiino slox>es. Accordingly both xerox>hilous and h^gro- 
jihilous features appear. The liost in some eases seeius to ha\ e no 
{larticular attraction to the paiasitc, and any sx»ecicr> of ]>lant 
may bo used by the same specific parasite, oven its own body 
being acreptable ; on the other hand, tlieie are X'u^'asitK' sx>ecies 
which are only known nx>on one kind of host. Of the factors 
W'hich co-operate in bringing about the attachment ol a {tarasite 
to its host w*e know nothing beyond the fact that chcmiotai tic and 
contact stimuli arc, as in all cases of inleetion, concetned lu it. 
The life of the host may or may not be attecled by the puiahite. 
Sx>eeies of Cuaenta^ if they do not kill, may so arrest the growth 
of their host>x*lt^iit as to bring about results disastious in 
agriculture, and by the x>^i^ctratiou of lorautliaceous pl<^nts 
deformities of stem and brauclios are produced in trees, which 
then become useless for timber. It has boon claimed that in the 
case of chlorophyllaceous parasites, the symbiosis may nut be 
antagonUtic but reciprocaly but even if this be so to some cxlent, 
the amount of aid rendered to the host does not compensate lor 
the drain uxion its resources made by the x^r^site. So con- 
spicuous IS this that legislation restricting the cultivation of 
mistletoe, on account of the damage caused by it in ore hards, has 
been deemed necessary in some districts in Kuro|}e. In the moi e 
recently derived ] parasites, those of bicarpollate gamnpetalous 
Dicotyledoues, most of which are liemix»arasitic and cpirliizal, 
the flow'er-stiucture and sced-foimation retain in the main their 


immediate ancestral features, but in the lainilics of the 
Loranthales, to which all evidence conciiis in asciibing a far buck 
origin, many inorliHcations in the way of reduction aie found. 
The inflorescence may be eiidogenetic, the o>ulo nia} consist of 
nucellus alone, and fretxuently tliere is no ovule — the einbiyo-sacs, 
of which tlicre arc many, being tlieu dcvolox>cd in the torus or 
in the ovarian W'all. The lorination of endosperm uileis many 
ieatures of interest, one of the most remarkai)1e being that 


seen in Jialarwphora^ where the axiic^il x^olar cnergid alone of the 
eiiorgids within the embryo-sac survives disintegration, and then, 
in the absence of fertilization, segments to lonn a x»luricelliilar 
endosperm uxam which an embryo apogamously buds. The 
liistojy of few forms is well known, and these require re-study in 
the light of tlie recently -acquired knowdedge of fertilization. 
There is no more x>romising field for investigation than that of 
the einbryogeny of jiarasites. 

Intimate lelations between Angiosiierms and the aiiiinal 
kingdom ha\e been shown to eMst in lb o work of x>ollinalion. 
of dissemination, and of the feeding of oarni- 
voroiis x»lants. Another relation of wdiich the ^ P 
facts are clear enough, but of wdiich the evolution is doubtful, is 
that known as Myrmecophily. Sx>ecic8 of ants make then home 
on irojucal plants, living in hollows of stem, petiole, or .stipule, 
which are comniouly enlarged an<l may form tuberous cushions. 
They feed ujion cither the secretion of extra-floral nectaiies, or 
U|)on tlie. riciily nitrogenous contents of mochficd glands 
corpuacha\ wdiich are borne uxkui some leaves, and 

which are continuously renewed during the life of the leaf. 
These ants act iis a bodyguard to their home against the inroad 
of leaf-cutting ants collecting material for their fungus-gardens 
These remarkable relationships have naturally led to the assunq*- 
tiou that there is causal conn^Mon betwern the ants and the 
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plant-»tructure8, a view for which there is, however, no sufticient 
ovidonce. 

The i>o»itiou of Auglobperms as the highest plant-group 
is unassailable, but of the point or points of their origin 
from the general Ht<!m of the plant kingdom', 
and and of the path or jiaths of their evolution, wo 
taxonomy, as yet say little. Until well on in the 
Mescjzoie ])eriod geological history tells us 
nothing about Angiosiienus, and then only by their 
vegetative organs. We readily recognize in them now- 
adays the natural classes of Dicotyledones and Mono- 
(jotyledones distinguished alike in vegetative and in 
reproductive construction, yet showing remarkable 
IKirallel sequences in development ; i:pid we see that the 
Dicotyledones are the more advanced and show the greater 
(•a]>acity for further progressive evolution. But there is 
no sound l)asis for the assumption that the Dicotyledones 
are derived from Mouocotyledones ; indeed, the paheonto- 
logical evidence seems to iioint to the Dicotyledones being 
the older. This, however, does not entitle us to assume 
th(» origin of Monocotyledones from Dicotyledones, although 
there is manifestly a temptation to connect helobic forms 
of the former with ranal ones of the latter. There is no 
doubt that the phylum of Angiospcrins has not sprung 
Iroin that of Oymuo8p(*rni.s. 

AVithin oach class the flower- characters as the essential 
feature of Anffiuspcrrns supply the clue to phylogeny, but the 
uncertainty regarding the coiistniction of the ])riniitivo angio- 
spormoiis flower gives a fundaineutal point of divergence m 
attcrrqits to construct progressive se(jiicuecs of the families. 
Simplicity of flower^strueture has appeared to some to bo always 
]irimitive, whilst by others it has been taken to be always 
derived. There is, liowcver, alMindant evidence that it may ha\e 
tho one or the othei ehuracter ni ditlerent cases. Apart from 
this, botanists are generally agreed that the concrescence of ]iarts 
of the fiowor-wliuris -in the gyiueeeiini as tho seed-covering, and 
111 tho corolla as the seat of attia<‘tioii, more than in the 
andrccciurii and the calyx — is an iiidieatiuii of advance, as is also 
tho concrescence that gives the condition of epigyny. Dorsi- 
vontrality is also clearly derived from radial consti uction, and 
aiiatropy of the ovule has followed atro[»y. We should cx)K>ct 
tho allmniinous state ol the seed to be an antecedent one to the 
o.valbiimiiiuu.s condition, and the reeont discoveries m fertiliza- 
tion tend to «*onliriu iJiis view% Amongst Dicotyledones the 
gamopotalous fuiins ar(3 admitted to be tlio highest develop- 
ment and a dominant one of our ejioch. Advance lias been along 
two lines, markedly in relation to Insect- pollination, one of 
which has culminated in the liypogynous epipetalous butar- 
]nllate forms with doi si veniial often large and loosely arranged 
flowers, and the otiier in the epigynous biearpcllate small- 
flowered families <if the Aggregata*. In tho polynotalous forms 
progression from Jiypogyny to opigyny is generally recognized, 
and where dnrsivonlrality with insect - pulliiiatiou has boon 
established, adumiiiuiit group has been developed as in tho Jjegu- 
iuinosa5. Tho starting-point of tlio class, how'ever, and the position 
within it of unetalous families with frequently unisexual fiowors 
have prov^okea endless discussion, and tiiere is no uniformity in 
opinion upon these matters. In iMoiioeotyledoncs a similar advance 
from hy])Ogyiiy to cqngyuy is observed both in a gco-aorophilous 
and in a hydrophilou*^ scries, but tho class does not a^ipear to bo 
now progressive. In tins connexion it is noteworthy that so 
many of the higher forms are adapted as bulbous goophytes, or 
as aeiophytes to special xcroplnloiis conditions. The Giamineic 
oiler a prumment oxntnplc of a dominant self- pollinated or wind- 
pollinated family, and this may llnd explauatiuu in a multiplicity 
of factors. 

Eroin ail early peiiod iii tlic century systematists have been 
endeavouring to gtoup tho families of the two classes of Aiigio- 
sperms in larger associations iimlersuch designations as Alliance, 
Cohort, Series, and such endeavours wcie in the direction of 
disooveriiig real phyla -altliungh in tho prc'Darwitiian ]»eriod 
tho idea was not always piesimt. The relationship of some 
families is so clear that theie has never been any doubt about 
Ihoir forming pliyletic groups, but on the other hand there are 
many, either isolated oi of i educed typo, the position of which 
has been and in very many c iscs is still open to discussion, and 
consequently tlio limits of these phyla — like the liuiits of families, 
nera, and species— have been variously assigned by different 
tanists aeooming to their ]>articular views and to the knowledge 
of their time. Tno arrangement by botanists of those phyla in 


larger groups has given us ditfereut systems which, if they all 
lay claim to associating in some measure natural groups, vary 
in the degree to which convenience or genetic relation — real or 
imagined — has influenced them. In Great Britain the system 
adopted by Bentham and Hooker— itself framed upon that of 
Do Candolle, which in turn ow'ed its origin to Jussieu— holds 
sway, with some modification, fortified as it is by the detailed 
description in their magnificent work — tho Oencra PlarUarum — 
of all genera know n at the time of writing. It is : — 

Dicotyledones. 

{ Tiidlamifiora:, 

Dwet/oro!. 

Calyeiflora', 

{ hiftrm, 

Heteromera\ 

Bicarpellatx, 

MONOCULAMYPKJi!. 

GYMNusrisuM.f:. 

Honoootyledonei. 

The inclusion of Gymnosponiis amongst Dicotyledones was 
more a conforming with conventiniial practice than tho expression 
of an opinion of genetic relatioiihhips which were recognized as 
cryptogamic. Apart from this, the grouping in the Polype take 
and Gamopotalae indicates in the main tne lines of progression 
of Angiosperms ; the jiixta2>ositiou of lufoixe and Calyciflorai 
being adopted to bring into jirominonce the siinilaritios of facies 
between tne flower- features of tho highest Polypotaleo and tho 
aggregate Gamopetahe. Tho Monoehlamydeie, on tho other 
hand, was retained as a eonvonioiit group for apetalous and often 
unisexual families, the relationships of many of which were and 
are doubtful, although the connexion of some of them with 
|H>ly]:>etalous famihos was clearly pointed out. In Germany 
there has recently boon completed JJt^e NatUdichen Pflan&cn- 
fatnilien — a book made possible by Bentham’s and Hooker's 
labours -the combined work of many botanists under tho 
editorial guidance of E^ler and Prantl. It gives brief diagnoses 
of all known genera. The system adopted in it is : — 

DlcotyledonoB. 

AKCHiciiLAMYDKiB {ClioHfietalcp and Apetalm), 

M ETAr 11 LAM Y JJi'i A {St/mpda h>). 

Uonoeotyledones. 

In this system the Apctalae disapjiear as a group, and tho 
families are assigned their pusitiuus iii the several phyla or 
series, as they are termed, to which in tho views of the writers 
they belong. Tho serios are arranged lu genetic sequence, so 
far as a linear arrangomoiit permits of this, beginning with 
Casuarinoic and Pipcracoee wfiudi are rogardod as the most 
primitive forms extant. As an attempt at a phylogenetic 
arrangement this system is now preferred by many ootanists, 
{larticularly in America. More reisently a startling novelty in 
the way of system has been jirodueod by Van Leghorn, as 
follows ; — 

Mo&oootyledoneB. 

Liorhiial DlcotyledonoB. 

DlcotyledonoB. 

Insemixeas. 

SEMINEiK. 

(hLiteqminfir. 

The most remarkable feature here is tlie class of Liorhizal 
Dicotyledones, which includes only tho families of Nymplneacofo 
and (irainincic. It is based upon the fact that the histological 
dilferentiation of tho opidermis of their mot is moiiocotylodonous, 
whilst they have two cotyledons -the old view ot the opiblast 
as a second cotyledon in Gramiueui being arlopted. But roceut in- 
vestigation shows that the embryo of NyrnphaBacete is monoeotyle- 
doDous, and the adult root-character is only coiiliimation of this, 
and wdiatever the epiblast be it is not a ooiistant feature of 
grass- embryos. Ovular characters determine tho grouping in 
tho DlcotyledonoB, Van Tioghom supporting the view tiiat the 
integument, tho outer if there bo two, is the lamina of a loaf of 
which the fumcle is tho petiole, whilst tho nuoelliis is an out- 
growth of this leaf, and the iiiuor integument, if present, an 
indusinm. Tho Insemiuese include forms in which tlio micellus 
i.s not developed, and therefore there can be no seed. Tho plants 
included are, however, mainly well-established parasites, and the 
absence of nucellus is only one of those characters of reduction 
to w'hi(‘U ]tarahites are liable. Even if xvo admit Van Tieghem's 
interpretation of the integumonls to be correct, tho diaguostio 
mark ot his umtegminous and biiegminous groups is simply that 
of the absence or presence of an indusium, not a character of 
great value elsewhere, and, as we know, the number of the 
ovular coats is inconstant within the same family. At the same 
time the groups based upon the integuments are of much tho 
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same extent as the Polvpetaln and Gamo;Mtal8e of other systems. 
•Ve do not yet know the siraifioance of tnis correlation betwe<m 
number of integuments ana union of petals. 

The reader will find in the following works details of the sub- 
ject and references to the literature : — D b Bary. Comparative 
Anatomy of Phansrogamt and Femi, English ed. Oxford, 
1884. — Bentham and Hooker. Genera Plantarum, London, 
1862-83. — Eiculkr. BliUhendia^ramme, Leipzig, 1875-78. 
■— Englkh and Prantl. JHe witilrlichen Pflanzenfamihen, 
Leipzig, 1887-99. —Goebel. Organography of Plante, English 
* 0 ( 1 . Oxford, 1900 (Part I.). — Habkrlandt, Phyeiologteehe 
Pflanzeanatomie, Aufl. u. Leipzig, 1896. — Knuth. Uatidbuch 
t/fr PlUtenbiologie, Leipzig, 1898, 1899 . — Nawakchin. “Uebcr 
die Befruohtungsvorgange boi einigon Dicotylodonen,” Per. d. 
deutecli. hotan. QeeelTech.^ June 1900. — Peezig. Pfanzen-Tera- 
tologie. Genua, 1890-94. — Pfeffer. Physiology of Plants. 
J^higlish ed. Oxford, 1900. — Sachs. Lectures on ike Physiology 
of Plants. English ed. Oxford, 1887. — History of Botany. 
I«4ngli8h ed. Oxford, 1890 .-~Saiu»ant. Recent Work on iho 
Hesults of Fertilization in Angiosperms,” Ann. of Bot. 1900. — 
Sf’iiiMrER. P^tUinzen’Oeographie anf physiologiecher Orundlage. 
.lena, 1808.— Sew’ARD. “Notes on the Geological History of 
Monocotyledons,” Ann. of Bot. 1896. — Solereder. 
inatische Anatomic der Dicotyledonen, Stuttgart, 1899 — ^Yan 
Tieghem. iUmenis de Botanique. Paris, 1898.— Warming. 
Plantcsamfund. Kjobenhavn, 1895. German ed., Lehrhueh der 
Oekologischen Pfianzengeographie. Berlin, 1896. — Zeillek. 
FUments de PaVxohotanxgue. Paris, 1900. (l. b. B.) 

Wftta See SiKMKAT and Cambodia. 

Ansflesea or Angfleseyi an insular county of 
North Wales, separated from Carnarvon by the narrow 
rliannel known as the Menai Strait. 

. i rea and Popxt lat Um . — The area of the ancient and administrati ro 
county is 175,836 acres or 275 square miles, with a ])opulation lu 
1881 of 51,416, and in 1901 of 50,690, the number of persons per 
square mile being 184, and of acres to a person 3*48. The area ot 
the icgistration county is 120,199 acres with a population in 
1801 oi 34,219. Witfiin this area the increase of po]mlation 
between 1891 and 1901 was 1*0 per cent. The excess of births 
over deaths between 1881 and 1891 was 2392, and the decrease in 
the resident population was 908. The following table gives the 
number of marriages, births, and deaths, with the number and 
percentage of illegitimate births for 1880, 1890, and 1899 - 






lUpgltlmate Birtha. | 

Year. 

MarriagoM. 

llirthM. 

Deaths. 

No. 

Fer- 

centage 

1880 

217 

1028 

1023 

74 

7*3 

1890 

199 

800 

729 

73 

9*1 

1899 

241 

j 

894 

592 

1 58 

6*6 


In 1891 there wore in the county 129 natives of Scotland, 409 
natives of Ireland, and 71 foreigners, wdnle 2509 could speak 
English, 23,200 Welsh, and 7281 English and Welsh. 

Constitution and Oovernment. — Anglesea returns one member 
to parliament, and it has now no parliamentary borough. There 
IS one municipal borough, Beaumaris (2310). The following are 
urban districts : Holyhead (10,072), Llangelni (1751), and Menai 
Bridge (1600). It is in the North Wales circuit, assizes being 
held at Beaumaris. There are forty-four ecclesiastical districts 
or parishes, all in the diocese of Bangor. 

Education. — The number of olcrueiitary schools on 31 st August 
1899 was 64, of which .89 were board and 25 voluntary schools, 
the latter including 22 Church of England schools, 1 Roman 
Catholic, and 2 “ British and other.” The average attendance at 
board scliools was 4060, and at voluntary schools 2.330. The total 
school board receipts for the year ending 29th September 1 899 
were over £1 1,212. The income under the Agricultural Rate.s Act 
was £825. 

Agriculture. — About six-sevenths of the total area of the county 
is under cultivation, and of this, more than half is in permanent 


Year. 

Area iincl«r 
Cultivation. 

II 

Green 

Crops. 

Clover. 

Permanent 

Posture. 

Fallow. 

1880 

147,011 

26,389 

0,468 

26,431 

27,203 

84,380 

83,976 

333 

1885 

148,006 

26,639 

10,004 

185 

1890 

140,451 

26,188 

10,062 

31,724 ! 

81,421 

50 

1895 

; 152,001 

24,798 

9,305 

28,219 

89,592 

76 

1900 

! 152,478 

21,712 j 

9,095 

44,721 

' 76,810 

107 


liasture. Less than 8000^ acres are hill pasture, and only a little 
more than 2000 acres are under w'oods. Almost the whole acreage 
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under corn crops is occupied by oats ; more than half the green 
crop acreage is under turnips, and considerably more tlian a fourtli 
under potatoes. A few acres of flax are UKiully giowu. The 
preceding table gives the largt^r main divisions oi the cultivated 
area at intervals of five years trom 1880. 

The following table gives jiarticulars regarding the principal 
live stock for the same years : — 


Year. 

ToUl 

Horsos. 

Total 

Cattle. 

Cows and 
lleifcisin Milk 
or in Cali. 

Sheep 

PlgB. 

1880 

7108 

43,740 

16,047 

46,735 

1.4,986 

1885 

7040 

47,299 

16,299 

47,268 

15,579 

1890 

6047 

47,763 

l.f),951 

64,382 1 

20,028 

1895 

7604 

49,219 

1.5,884 

.59,315 

18.560 1 

1000 

8367 

56,653 

17,264 

82,145 

15,438 1 


Industries and JVntrfr.— According to the report for 1898 of the 
chief inspector of factories (1900), the total number of persons 
employee! in 1897 in textile and non-textile factories and work- 
shops was 997, the number in 1896 beinj^ 929 ; 751 of the 997 were 
engaged in non-textilo factories. The mining industries have been 
gradually declining, and in 1899 only employed 549 persons 
Copper has almost ceased to hci worked, but bonio zine is still 
obtained. In 1899 there i^ero raised 61,557 tons of limestone and 
23,711 of sandstone. 

Fish are plentiful round the whole coast. Tlie fish landed at 
Holyhead in 1899 amounted to 17,708tHt., valued at £3288 ; and 
the total value, including shell-fish, was £3562. 

See RowlaM), Mona Antigua Besfaurata. Dublin, 1723; 
2nd edition, London, 1726. Ihstonj of Anglesey (serving as 
.supplement to Rowland's work), liondon, 1775. Sec also the 
various guide-books to North Wales. 

Allfflaury a town of Belgium, 3 miles by rail S.E. 
of Li6ge on the river VcBdro. It is the headquaiters of the 
mining association known as the Vieilh which 

has zinc foundries bore. Popuhition (communal) (18G6), 
2554; (1880), 4357; (1890), 5902; (1897), 8001. 

Ang:lican Communion.— The Anglican 
communion consists of the churches of England and 
Ireland, the Scottish Episcopal Ohurch, and the daughtei 
churches which have sprung from them and are in full 
communion with them ; chief amongst tliesc latter being, 
of course, the Protestant Episcopal (church of the United 
States of North America. Until the 19th century these" 
latter were so few in number and so insignificant in 
size that such a phrase might well have seemed need- 
less : to-day the churches of the Anglican C'ommunion are 
a power throughout the world. Together they constitute 
one of the three great historical divisions of C^hristendom ; 
the others, of course, being the churches of tJie Honiaii 
obedience and those of the Orthodox east. The Churcli 
of England was already, in the 8th century, a “mother 
of churches” on the mainland of Europe, thiougli tlie 
work of Willibrord, Boniface, and their followers ; after 
this, however, it suffered from the general stagnation, .so 
far as aggressive work was concerned, which overtook 
most of western Christendom. Nor did it readily 
emulate the example of missionary activity shown in 
the 16th century by the Jesuits. Some care was taken 
to provide for the immediate spiritual needs of English 
colonists in America, and many isolated efforts were made 
to convert the Indians, liut the predominant Calvinistic 
theology was not conducive to missionary work, wliiht 
supposed legal difficulties, and the current theory ol 
(ffiurch and State, long prevented the consecration of 
bi.shop8 for the Colonies. Archbishop Laud attempted to 
obtain a bishop for Virginia. A nomination was actually 
made by Charles IL, and other efforts were ])Ut forth in 
the early jiart of the 1 8th century ; but tliey all came to 
nothing. In spite of increasingly urgent petitions, the 
Colonies still remained unprovided for. Meanwhile they 
wore theoretically under the care of the bishops of London, 
who from time to time sent commissaries to America, and 
ordained young men who were sent to England for the 

8 . I. — 56 
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jmrpose. At length came the War of Independence ; and 
a» soon as peace was declared, the church people of 
Connecticut sent Dr Samuel Seabury to England with a 
1)0 tit ion to the archbishop of Canterbury for his conse- 
cration. But as there were, not unnaturally, political 
obstacles, Archbishop Moore refused; and they were 
com|Milled to turn to the Scottish bishops, by three of 
whom Dr Si^abury was consecrated bishop of Connecti- 
cut on 14th November 1784. Soon afterwards, at the 
initiative of the archbishop, the supposed legal difficulties 
were r(»moved (20 Geo. 111. c. 84); and on being satisfied 
as to the doctrines of the church, and as to the liturgical 
change's which were then under discussion in a convention 
at Piiiladelphia, the two English archbishops proceeded to 
consecrate William White and Samuel Prevoost to the 
sees of Pennsylvania and New York on 14th February 
17H7. Thus the Protestant Episcopal Church in tlio 
United States was proiierly equipjKjd; and since then 
its progress lias been constant. At the time of Seabury’s 
consecration thero were barely 100 Anglican clergymen 
in the United States : to-day there are in all 91 American 
bisho])S and over 5000 clergymen, working either at home 
or abroad. The American church has never proceeded to 
the organization of provinces. The presiding bishop is 
the senior by consecration, and the House of Bishojis 
elects its own chairman. 

On 12th August 1787 Dr Charles Inglis was conse- 
criited bishop of Nova Scotia, with jurisdiction over all 
the British possessions in North America. In 
Church 1793 the see of Quebec was founded ; Jamaica 

lathe and Barbados followed in 1824, and Toronto 

Colonlea. Newfoundland in 1839. Meanwhile the 
needs of India luid been tardil}' met, on the urgent 
representations in Parliament of William Wilbcrforco and 
others, by the consecration of Dr T. F. Middleton as 
bishop of Calcutta, with three archdeacons to assist him 
in his labours, in 1817 Ceylon was added to his charge ; 
in 1823 all British subjects in the East Indies and the 
islands of the Indian ( Iceaii ; and in 1824 ‘‘New South 
Wales and its dependencies ” ! Some five years later, 
on the nomination of the Duke of Wellington, William 
Broughton was sent out to work in this enormous juris- 
diction as ♦irchdeacon of Australia. Soon afterwards, in 
1835 and 1837, the sees of Madras and Bombay were 
founded; whilst in 1836 Broughton himself was conse- 
craUMl as first bishop of Australia. Thus down to 1840 
there were but ten colonial bishops ; and of these several 
were so hampered by civil regulations that they were 
little more than government chaplains in episcopal orders. 
In April of that year, however. Bishop Bloiufield of Loudon 
liublished his famous letter to the archbishop of Canter- 
bury, declaring tliat “ an episcopal church without a bishop 
is a contradiction in terms,’’ and strenuously advocating a 
great efibrt for the extension of the episcopate. It was not 
in vain. At a meeting held at Willis’s Booms in London, 
early in 1841, the plan was taken up with enthusiasm, 
and large subscriptions were promised; and on Whitsun 
Tuesday of tliat year this bishops of the United Kingdom 
met and issutHl a di'claration which inaugurated the Colonial 
Bishoprics Council. Subst*quent declarations, in 1872 
and 1891, have served both to record progress and to 
stimulate to new effort ; and since 1841 a sum of about 
i>800,000 has been raised and applied to this object. The 
diocese of New Zealand was founded in 1841, being en- 
dowed by the Church Missionary Society through the 
Council, and George Augustus Selwyn was chosen as 
the first bishop. Since then the increase has gone on, 
lis the result both of home effort and of the action of 
the local churches. Thus St John’s Kaffraria was founded 
by the Scottish Episcopal Church ; the foundation of a 
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see in Japan by the Canadian church is in contemplation; 
and the colonial churches have all done their share. 
Moreover, the fuller realization of the nature and value of 
the episcopal office has led to the sending out of bishops 
to inaugurate new missions, instead of waiting until there 
is already a large body of clergy and lay people : this 
procedure has been followed in the cases, amongst others, 
of the Universities’ Mission to Central Africa, Lebombo, 
Corea, and New Guinea ; and the missionary jurisdictions 
so founded develop in time into dioceses. And thus, 
instead of the ten colonial jurisdictions of 1841, there 
are now about a hundred foreign and colonial jurisdic- 
tions, in addition to those of the church of the United 
States. The see of Carpentaria in Australia was founded 
in 1 900, and scarcely a year passes without tlio addition 
of one or more to the list. It was only very gradually 
that these dioceses acipiired legislative independence and 
a determinate organization. At first, sees were created 
and bishops were nominated by the Crown by means ot‘ 
letters patent ; and in some cases an income was assigned 
out of public funds. In fact, such was the theory of the 
crown officers as to its inherent rights as the “fount ot 
honour” that Bishop Selwyn only managed by great 
exertions to prevent the insertion of a clause in his owni 
letters patent reserving the appointment of his arch- 
deacons to the Crown 1 Moreover, for many years all 
bishops alike were consecrated in England, took the 
customary “ oath of due obedieuw^ ’J to the archbishop of 
Canterbury, and were regarded ^ a species of extra- 
territorial suffragans of his. But by degi-ees changes have 
been made on all these points. 

(1) Local conditions soon nmdered necessary some- 
thing of the nature of a provincial organization, and 
it was gradually introduced. The bishop of 
Calcutta received letters patent as metropolitan 
of India when the sees of Madras and Bombay 
were founded ; and fresh patents were issued to 
Bishop Broughton in 1847 and Bishop Gray in 1853, as 
metrojiolitans of Australia and South Africa respectively. 
Bimilar action was taken in 1858, when Bishop Selwyn 
became metrojiolitan of New Zealand ; and again in 1860, 
when, on the petition of the Canadian bishops to the 
Crown and the colonial legislature for permission tn 
elect a metropolitan, letters patent were issued appointing 
Bishop Fulford of Montreal to that office. Since then 
metropolitans have been chosen and jirovinces formed by 
regidar synodical action. The process has been greatly 
encouraged by the resolutions of the Lambeth confer- 
ences on the subject; and in 1901 the formation of 
a province of Queensland was in contemplation, with 
Brisbane as its metropolitan see. The constitution of 
these provinces is not uniform. In some cases, as South 
Africa, New South Wales, and Queensland, the metro- 
politan see is fixed : a practice which is not only in 
accordance with most ancient precedents, but which 
secures the inestimable benefit of an unbroken history. 
Elsewhere, as in Canada and New Zealand, where no 
single city can claim ])re-eminence, the metropolitan is 
either elected or else is the senior bishop by consecration, 
whatever his see may be. Two further developments must 
be mentioned, (a) The creation of diocesan and provincial 
synods, the first diocesan synod to meet being that of 
New Zealand in 1844, whilst the formation of a pro- 
vincial synod was foreshadowed by a conference of 
Australasian bishops at Sydney in 1850. {b) In recent 

years the title of archbishop has been given to the 
metropolitans of several provinces. It was first assumed 
by the metropolitans of Canada and Kupert Land, at the 
desire of the Canadian General Synod, in 1893; and 
subsequently, in accordance with a resolution of the 
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Lambeth Conference of 1897, it was given to the metro- 
politans of New South Wales and South Africa by their 
synods. Civil obstacles have hitherto delayed its adoption 
by the metropolitan of India. 

(2) By degrees, also, the colonial churches have been 
freed from their rather burdensome relations with the 
state. The church of the West Indies was 
Prwdom disestablished and disendowed in 1868 (Estab- 
lishmbnt). In 1857 it was decided, in Jtegina 
V. Eton that the Crown could not claim 

the presentation to a living when it had appointed the 
former incumbent to a colonial bishopric, as it does in the 
cjise of an English bishopric. In 1861, after some protest 
from the Crown lawyers, two missionary bishops were 
consecrated without letters patent for regions outside 
British territory : 0. F. Mackenzie for the Zambezi region 
and J. C. Patteson for Melanesia, by the metropolitans 
of Cape Town and New Zealand resjjectively. In 1863 
the Privy Council declared, in v. Ttm BUliop of Cajite 
Town^ that “the Church of England, in places whore 
there is no church established by law, is in the same 
situation with any other religious body.” In 1865 it 
ad^judged Bishop Gray’s letters patent, as metropolitan of 
Caix) Town, to be powerless to enable him “ to exercise 
any coercive jurisdiction, or hold any court or tribunal for 
that purpose,” since the colony of South Africa already 
possessed legislative institutions when they were issued ; and 
since there was no fo]||^ compact of obedience bc'tween 
them, his deposition ^^pBishop Colenso was declared to 
be “null and void in law.” This ap^imrent disaster, as 
Bishop 8. Wilberforce at once foresaw, proved to be “ the 
charter of freedom of the colonial church.” The South 
African bishops forthwith surrendered their patents, and 
formally accepted Bishop Gray as their metropolitan, an 
examido followed in 1865 in the province of New Zealand. 
In 1862, when the diocese of Ontario was formed, the 
bishop was elected in Canada, and consecrated under a 
royal mandate, letters patent being by this time entirely 
discredited. And when, in 1867, a coadjutor was chosen 
for the bishop of Toronto, an application for a royal 
mandate jiroduced the reply from the Colonial Secretary 
that “ it was not the part of the Crown to interfere in the 
creation of a new bishoj) or bisho]>ric, and not consistent 
with the dignity of the Crown that he should advise Her 
Majesty to issue a mandate which would not be worth the 
palmer on which it was written, and which, having been 
sent out to Canada, might be disregarded in the most 
complete nianncr.” And at the present day the colonial 
churches are entirely free in this matter. This, however, 
is not the case with the church in India. Here the 
bishops of sees founded down to 1879 receive a stipend 
from the revenue (with the exception of the bishop of 
Ceylon, who no longer does so). They are not only 
nominated by the Crown and consecrated under letters 
fiatent, but the appointment is expressly subjected “to 
such power of revocation and recall as is by law vested ” 
in the Crown ; and when additional oversight was 
necessary for the church in Tinnovelly, it could only be 
secured by the consecration of two assistant bishops, who 
worked under a commission from the archbishop of 
Canterbury which was to expire on the death of the 
bishop of Madras. Since then, however, new sees have 
been founded which are under no such restrictions ; by the 
creation of dioceses either in native states (Travancore and 
Cochin), or out of the existing dioceses (Chota Nagpur, 
Lucknow, <kc.). In the latter case there is no Ugol sub- 
division of the older diocese, the new bishop administering 
such districts as belonged to it under commission from its 
bishop, provision being made, however, that in all matters 
ecclesiastical there shall be no appeal but to the metro- 
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|iolitan of India. But this is an obvious anomaly, and it 
is likely that matters will be simpliliod in the future. 

(3) By degrees, also, the relations of colonial churches 
to the archbishop of Canterbury have changed. It was 
at first assumed, as has been said, that a colonial 
bishop was an extra-territorial suffragan of the 
archbishop. Until 1855 no colonial bishop w-as*** onomy , 
consecrated outside the British Isles, the first instance 
being Dr MacDougall of Labuan, consecrated in India 
under a commission from the archbishop of t aiilerbury ; 
and until 1874 it was held to be unlawful for a bishop to 
Ikj consecrated in England without taking the suffragan’s 
oath of due obedience. This necessity was removed bj' 
the Colonial Clergy Act of 1874 (37 and 38 Viet. c. 77, 
sec. 12), which penults the archbishoj) at his discretion to 
dis^iense with the oath. This, however, has not been done 
in all cases; and as late as 1890 it was taken by the 
metropolitan of Sydney at his consecration. But natural 
as it is that the oath should l>e taken by a coh)nial bishop 
holding mission from the archbisho]) of C*iuterbiiry, that 
it should be taken by the suffragan of another jirovince, or 
still more by a metropolitan, is an obvious anomaly, and 
one ivlnch will doubtless lie modified in course of time. 
Thus the constituent paits of the Anglican communion 
gradually acquire autonomy : missionary jurisdictions 
develop into organized dioceses, and dioceses am grouiicd 
into provinces with canons of their own. 15ut the most 
complete autonomy does not involve isohition. The 
churches are in full communion with one another, anil 
a<‘t together in many ways ; missionary jurisdictions and 
dioceses are mapped out by coittfnon arrangement, and 
even transferred if it seems advisable : <?.^., the diocese 
Honolulu (Hawaii), hitherto under the jurisdiction of the 
archbishop of Canterbury, was transferred in 1900 to 
the church of the United States on account of political 
changes. There is a strong aftection for and deference 
to the see of Canteibury, which shows itself by frequent 
consultation and interchange of greetings ; there is also 
a strong common life which has been emphasized in 
recent years by common action (Lambeth Confekknces), 
and seems likely to be even more significant in the future. 

The Anglican Communion consists of the following: (1) The 
Clmnsh of England, *2 provinces, Canterbury and Yoik, iMth 23 and 
10 dioceses respectively. (2) The Church of Ireland, 2 provinces, 
Aimagh and Dublin, with 7 and 6 dioceses respectively. (3) The 
Scottish Kpisoopal Church, with 7 dioceses. (4) The Protestant 
Episcopal Chuii'h of the United States, with 81 dioceses and 
missionary jurisdictions, including North Tokyo, K}oto, Shanghai, 
Cape Palmas, and the independent dioceses of Hayti and Uia/il. 
(5) The Canadian Church, consisting of (a) the province ol Ccinaila, 
with 10 dioceses ; (6) the province of Ru]>eit Land, with 8 
dioceses, of which 2, Saskatchewan and (’algary, are at jaosent 
united. (6) The Cliurch in India and Ceylon, 1 province of 11 
dioceses. (7) The Church of the West Indies, 1 province of 
8 dioceses, of wdiich Barbadoes and the Windward Islaiids arc 
at present united. (8) The Australian Church, 1 province of 
0 dioceses and 9 (at present) unorganized dioceses, which, how 
ever, are united under the General Synod of Australia. (9) The 
Church of New Zealand, 1 province of 6 dioceses, together 
w’ith the missionary jurisdiction of Melanesia. (10) The South 
African Church, 1 province of 10 dioceses, with tlie 2 niission- 
iiry jurisdictions of Mashoiialand and Lebombo. (11) Nearly 30 
isolated dioceses and missionary jurisdictions holding mission fiom 
the see of Canterbury. 

Autuoiutirs — Official Year -hook of the Church of England . — 
Phillimokr. Ecclestastical Lav\ vol. ii. London, 
of S.P.G, Eeeorda. London, 1893.— E. Stock. History of the 
Church Missionary Society. 8 vols. London, 1899. — If* 
Tuckru. The English Church in Other Lamis London, 1886. — 
A. T. Wi ROMAN. The Church aiid the Civil Power. London, 1808. 

(U'. K . Co.) 

An^flican Orders. — The attacks which Boman 
Catholic controversy has made upon the orders of the 
English Church have varied greatlj in character, and 
shifted their ground from time to time ; but all may be 
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reduced to two classes : (i.) historical objections, and (ii.) 
ecclesiastical objections. 

(i.) The difficulty began with the repudiation of papal 
8UI>remacy by Henry VIIL, when, according to Homan 
theory, the English Church Ixjcame schismatical and 
its orders marred by the taint of schism. A further 
alienation took place when the Edwardine English 
ordinal of 1550 and 1552 sujjerseded the old Latin ponti- 
fical, and orders were thereupon conferred by a ncwly- 
reforiiKMl rite. At Mary’s accession the pontifical was 
ni.ston*<l, and eventually Cardinal Polo reconciled the 
English Church with the Holy See. The exact effect of 
his action is a matter of controversy. There is no question 
that ho reconciled the schism to the Pope’s satisfaction, 
and therefore that objection to the Henrician and Edward- 
irie orders came to an end ; but it is a disputed question 
both how ho was authorized by his papal faculties to deal 
with the orders conferred by the Prayer Book rite and, 
also, how in fact he did deal with them. Historical inquiry 
shows that for a short period before Pole’.s advent a small 
number of reordinations took idace, but subsequently they 
almost entirely ceased ; and it is contended that in other 
cases the orders were tacitly allowed, possibly after some 
slight siqiplemental ceremony, and that Pole’s instructions 
were designedly vague. The contention is supported by 
the fact that, while a vast number of parochial clergy 
were de])rived in 1553-54, no case is known of a depriva- 
tion on the ground of Edwardine orders. Jn answer to 
this Anglican contention an attempt is made to extract 
from Pole’s instructions a definite condemnation of the 
Edwardine orders, ami to maintain that all such clergy 
as were allowed to minister in Mary’s reign niu.Ht have 
been I’oordained. When the I’rayer Book was restored 
und(^r Elizabeth the question returned again, and there is 
no doubt that si net* the latter luilf of the 16th century 
the Roman (\itholics have continually treated Anglican 
orders as null and void. Still there was no adverse 
decision. The orders were vaguely attacked, and after 
1570 reordinations took place abroad, and in 1608 at 
Rome; but there was little^ definite justification offered 
for this till the Nag’s Head fable was invented in 1604, 
and it was seriously maintjiined that Archbishop Parker-- 
the main channel of Elizabethan orders — h^ liad no 
better consecration than a mock ceremony in a tavern. 
This fable has had great influence on the controversy, in 
1616 doubts wore cast on the consecration of liarlow, 
Parker’s chief consecrator. There Tvas more justification 
for this, but both these historical objections have broken 
down. They were not, as it now apiicars, seriously enter- 
tained at the first official inquiries into the question at 
Home in 1685 and 1704 ; and though they survived until 
recently as large factors in jiopular controversy, they bid 
fair now to disappear, and the battle is shifted to other 
ground. 

(li.) The tlieological or ecclesiastical objections fall into 
three classes. First and earliest came the objection to 
the orders on the ground of the repudiation by the English 
Churcli of the theory of pa^ml supremacy. This has figured 
largely in the earlier and the less scientific phases of the 
controversy ; but, accurately sjioaking, it is no objection 
to the validity but only to the regularity of the orders, 
and it merely forms jiart of the general subject of the 
relation of the English Church to the Papacy, and affects 
Anglican orders on the same ground as the orders of the 
Orthodox Church. The other two points touch the 
question of the ordinal in English, which in 1550 took 
the place of the old English pontificals in T^atin, and with 
slight modifications remains the ordinal of the Anglican 
communion today. Objection is raised to this on the 
ground : (a) that it is, in “ form,” deficient in the essentials 


required for a valid ordination ; and (fi) that the ** inten- 
tion,” which lies behind it, and with which the Church 
uses it^ is also deficient, (a) The criticism of the ** form ” 
of the ordinal has taken many shapes, and several charges 
have been made, only to be withdrawn as inadmissible. 
It has been maintained that the mere giving up of the 
Latin pontifical was in itself a final departure from the 
“ form of the Church ” ; but the Church Catholic has no 
one single form for holy order; it has used, and still 
uses, many forms. The absence of any “porrection of 
instruments” after 1552 has been made a grave objection, 
because Eugenius IV. defined this (1439) to be the essen- 
tial matter of ordination. But his definition was never 
universally accepted, and since the work of Pfere Morin 
(1686) has been recognized to be erroneous. Other and 
more subtle objections to the Anglican form have hovn 
raised over since the question was first officially examined 
at Rome in 1685, and again for the Gordon Case in 
1704. The documents of these two inquiries have 
been only recently and incompletely published, and the 
jirecisc nature of the objections raised is not clear. But 
they wfjro probably the same as those raised in the bull 
AposUiliem Curcp in 1896, viz., that the words accompanying 
the imposition of hands are an insufficient form to defitie 
the action which is going on. Attention is called to tlie 
fact that the words were made^ more explicit (both for 
prie.sts and bishops) at the revision of the Prayer Book 
in 1661. To this it is rejffied : that the alteration was 
made to refute a Presbyterian construction of the forms ; 
that the defining is at least as clear as in the Romfm 
rite, where no words at all necessarily accompany the 
inqiosition of hands; that the whole service defines be- 
yond any doubt wliat the action is, and what the order 
is that is being conferred ; and tlnit the mere imperal ive 
formula) of 1550 do in fact define the order in Biblical 
terms, and are mon) explicit than some of the early 
ordination jirayors, which do not define at all. All these 
objections as to “form” are com])aratively modern, for 
the English ordinal was used in Edward’s time by some 
of the Marian biRhoj)8 ; and even according to the most 
modern i)ai)al interpretation of Polo’s instructions it would 
seem that orders conferred by them using this form were to 
1 >e held valid, i.c., the form was in itself not insufficient. The 
Roman attack is thus inconsistent with itself, as well as 
with the Roman rite and the history of Roman ordinations. 
(j8) The question of intention is raised partly as a general 
objection, and jMirtly with reference to the actual ordinal 
and the Anglican doctrine of orders. To the general 
objection that unsoundness of views invalidates the ordi- 
nations, it is replied — first, that this is not true of individual 
views, but that the intention to bo taken into account is 
the intention of the Church ; and, secondly, that the general 
intention of the English Church with regard to orders is 
expressed in the preface to the ordinal as an intention to 
continue in valid sequence the orders that have been in the 
Church since ajiostolic times, and is therefore unexception- 
able. Further, the B|)ecial objection is raised that the 
English Church fails to express the intention in the case 
of the priesthood, ])ecaus6 it makes no siiecial mention at 
the ordination of the power of offering sacrifice. To this 
it is replied that — first, such mention is only a mediaeval 
addition to the Latin pontifical, and therefore is un- 
essential ; and, secondly, the ordinal mentions the whole 
work of the priesthood, and not only one side of it, and 
thus expresses a more comprehensive and fuller intention 
than the Latin pontifical. 

The cotftroversy is thus still undecided. The Roman 
decision has not met with full approval from learned men 
in that communion, and has been repudiated not only by 
Anglican but by Orthodox writers. 
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The older phaees of the controversy have been superseded by 
recent action at Rome and in England. The older hooks which 
still are valuable are two On the Roman side— Ebtcouiit, Question 
of Anglican Ordinations, 1898 ; on the English side— Dbnny and 
Laoey, De HUrarchia Anglicana, 1895, and SvmUinent, 1896. 
The latest phase begins with the publication of the bull Apo^lica 
Curas, l^me, 1896. The principal pamphlets and books are :»• On 
the Roman side — A Vindication qftke Bull, by the Roman Catholic 
bishops, 1898 ; Bkandi, Boma e Canterbury, Rome, 1897 : on the 
English side — The Anower of the Archbisht^ of England, 1897 ; A 
. Treatise on the Ball, 1896 ; and Priesthood in the English Church, 
1898; A. Bulqakofp, Question of Anglican Orders, 1899. These 
three are tracts xix., xli., and liv. of the Church Historical 
Society, Also, A. Lowndes, Vindication of Anglican Orders, 
2 vols. New York, 1897, is a useful general summary. 

(w. H. K.) 

Anarllnff.--Strictly speaking, angling should mean 
the capture of Rfih with the hook, as distinguished from 
liotting, spearing, or trapping; for ^^angle” is an old English 
word applied to the hook, which in very ancient times 
appears to have been made in angular form. Such angular 
hooks are still used by the natives in tropical seas. In 
modern times, however, angling is the term used to denote 
the various forms of fishing, recognized as sportsmanlike, 
with rod, line, and hook. 

The principal British fishes which are sought after 
by the sportsman naturally divide themselves into two 
classes. In the first class are the members of the salmon 
family which yield sport to the fiy- fisher; namely the 
salmon itself, the sea-trout, the brown trout, 
and the grayling. To these may perhaps be 
added the char; but this very delicate and 
Ijighly esteemed fish, in English waters at any rate, rises 
badly, and is not often caught except on spinning baits 
fished at a considerable depth. In Scandinavia, on the 
other liand, it rises exceedingly well in many lakes, and 
grows to a large size. The smelt is also a member of the 
salmon family, and ascends rivers to spawn, but it can 
hardly be reckoned among the sportsman’s fish. Tlie 
second class are commonly spoken of as “ coarse fish,” and 
include those sjiecies which are found in most 
of our rivers, lakes, and ponds. They are the 
pike, liarbel, bream, porch, carp, tench, chub, 
loach, nidd, dace, and gudgeon. Of these, chub, dace, 
and rudd yield spurt to the fiy-fishcr, and, in certain 
waters, roach and even porch will take a fly freely in 
the summer time. Instances are recorded from time to 
time of other coarse fish taking flies, but, generally 
speaking, they are fished for with natural baits of various 
kinds. Perch, while not despising such baits as worms, 
teed more particularly on the young of other fish ; while 
the fish of the carj> family, which includes the roach, 
rudd, dace, chub, barbel, bream, tench, and gudgeon, feed 
mainly on vegetable growths, worms, water insects, and 
sundry pastes when proffered by the angler, and are 
usually captured on float or leger tackle, by the process 
known as bottom -fishing. Pike, on the other hand, are 
fished for with natural or artificial baits kept in movement 
a few feet from the bottom if dead, while live baits are 
usually suspended by a float, or used by means of the pater- 
noster or leger methods, which will bo described later. 

lleturning now to the game fish ; the salmon first of 
all claims our attention % reason of its size, sporting 
qualities, and excellence as food. This fish is 
* rapidly disappearing from the rivers of England 

and Wales, and has seriously diminished in numbers in 
most of the rivers of Scotland and Ireland. The primary 
cause of the decrease of salmon is undoubtedly the 
increase of the population in the British Isles generally, 
which demands such an increased fish supply that the 
salmon, which fetches high prices, is eagerly sought 
after by professional fishermen and others for the 


market. The demand is, in con6e(]uenco, largely in 
excess of the natural supply; and the natural supply 
itself is diminished in many cases by pollution 'ahich 
destroys the eggs of the salmon, by mannlactim^rs’ 
turbines, water-wheels, and other ap])aratus which 
destroy the young of the salmon and hinder th(^ travels 
of the spawning fish up stream ; and by the ca]»ture b\ 
poachers of the large salmon thomselvcs when on the 
spawning beds. In the sea, in the estuaries of iivers, 
and oven in the narrow freshwater rivers thenibelves, 
salmon are ruthlessly netted for market pin poses. It 
is a striking peculiarity of the salmon that while it must, 
in view of its rapid growth, feed largely in the sea, it 
is rarely caught in salt water by the angler. In rivers, 
on the other hand, where it rises to the angler’s fly and 
takes his prawn, worm, gudgeon, or other bait, it lapidly 
i gets out of condition and is lielieved to feed but little, 
j In most salmon rivers there is, as a matter of fact, little 
I food to sustain such large fish. The most sportsmanlike 
method of catching salmon is undoubtedly with the fly, 
though, generally s]H'aking, the combination of feathers, 
tinsel and wools which go to make iij» this lure, does 
not represent any insec.t known ti» entomologists. WJiat 
are termed fancy flies are possibly taken by the iish for 
the young of some marine creature, oi simply foi some 
unknown thing struggling to cscajie. To tlie present day 
; trout are fished for in Norw^a} with a piece ol led rag 
trailed behind a boat, and it caii hardly bo suggesteil 
' that the fish regard this as any known item of food, or 
that it is absolutely necessary that artifii'ial flies or luiits 
I should represent existing insect or animal life Grilse, 
which is the name given to salmon on their first return 
to the river before spawning, will rise to such flies as 
the March brown; and even a full-grown salmon will 
I occasionally take quite a small fl>. Salmon rise most 
I readily when first leaving the sea and entering the river. 

I After being in fresh water a little time they apfiarently 
' settle down to a jicriod of inactivity and fiiod bad!}, 
! though a rise of water will generally sot them moving 
! upwards, and on reaching a new i>ool the} may often be* 
I induced to rise. It should Ih) mentioned here that in 
) some rivers salmon are running up from the sea all tlie 
year round ; and it is one of the problems connected with 
this remarkable fish to explain why, in the Tay, for 
instance, it should enter the river in .January, seeing tliat 
the principal purpose for which it comes into fresh 
) water, namely spawning, is not carried out until the 
I following autumn at the earliest. These January fish, 

1 moreover, have apparently not sjiaw’ned during the 
months preceding their entry into the i*iver, and unless 
I it is assumed that they are all harren fish, which is 
I unlikely, it would appear that the salmon or noma 
members of the sjiecies do not sjiawn every year. In 
the majority of salmon rivers there is a spring run of 
salmon; in July and August shoals of grilse enter the 
river; while in September there is the autumn run ol 
big fish, w^hich have evidently come up for spawning and 
no other purpose. About the beginning of September, 
netting, as a rule ceases, the dates varying in different 
rivers; but angling with rod and line is still allowed 
for a few weeks, as otherwise the proprietors of the 
upper reaches of the river, who protect the salmon on 
the spawning bods, would obtain no spoi*t at all. In 
November angling entirely ceases, and the salmon soon 
go on the gravelly shallows, where the female deposits 
her eggs, a few of them only being vivified by milt from 
the male. The fish cover their eggs by sweeping gravel 
over thorn. In the course of a few weeks the eggs hatcli, 
and the resulting fry remain in the river about two years, 
very much resembling the small trout in ap^xiarance. 


y 
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They then begin to grow wlvery, descend to the sea 
herring- size, and return weighing from 31b to as much 
as 141b. The salmon on its first return to the river 
is termed grilse, as we have said ; but in Ireland the 
corresponding name is peal, which should be distinguished 
from the same word used in the west country, whore it 
is always applied to wsa-trout. The capture of the 
smelts is illegal, but a good many are killed in mistake 
for trout. 

There is an endless variety of flies used for salmon 
fishing, but the angler need not supply him8(3lf with a 
very great variety, so long as he is provided 
PlymfiMb- ^.,th llies of various sizes, as size is regarded, 
^Ullmon. experienced salmon fishermen, as being even 
more important tlian colour. SjHjakiiig gener- 
ally, the flies used in early spring are large, and they 
diniiiiisli in size as the season grows older. In autumn 
quite small flies are used for the fish w^hich have lieen 
some time in the river, and, as a general rule, the lower 
the water, the smaller should l>e the fly used, and the 
dee])er should it be fished. For very bright weather and 
clear water, lightly dressed flies, which are mainly light 
yelh)w in colour, are standard favourites, such as the 
8uri-fly and the Mystery. But undoubtedly the most 
generally favoured of all the salmon flies, an<l one which 
can 1)0 reasonably relied upon to kill, if dressed of the 
right size, and if the salmon are in taking humour, is 
the Jock Scott. It perhaps owes its reputation largely 
to the fact that it is a particularly suitable fly for use 
when the rivers are clearing after a spate ; and as this 
is (juite the best time for salmon fishing with the fly, 
the flock Scott, as a result, kills yierhaps more fish than 
any other fly known to anglers. The tackle of the 
salmon fly-fisher is siinjilc, but somewhat expensive, as 
the fish are rio strong, and of such value when captured, 
that to use weak or indillerent tackle is jiroperly re- 
garded as a foolish proceeding. The rod itself may vary 
in length from 1 2 feet to 18 feet, according to the strength 
and height of the user, and is usually made of cither 
split cane, with or without a steel centre, or of green- 
heart. It shouhl have yilenty of wood in the top joint, 
to give it lifting ])owor. It should liend right away 
dow’ii to the butt when the cast is made, but must on 
no. account bo weak in the middle, for the salmon fisher 
sonietiinos has to refuse the fish oven an inch of line, 
which ])laces an enormous strain upon the rod. The 
lino is usually of ])laitcd silk, and wateryiroofed, with an 
oil dressing. It should be what is termed solid, that is, 
not plaited round a core, nor with a centre left hollow. 
At the end of the line comes the 3 yards of strong salmon 
gut, the u]»]»er part of which may be twisted or yilaited, 
and then the fly. In big, fast-running rivers, treble or 
double gut is sometimes reejuired right down to the fly. 
Salmon flies are now* very commonly tied on eyed hooks, 
but many salmon fishers believe that they swim better 
if there is simyily a small gut loop whipped on at the 
end of the shank. To the eye or the loop is tied a 
short length of gut which, in its turn, is looped on to the 
cast. There are many kinds of excellent salmon reels 
made in England, the mechanism of which varies. The 
angler should see that there is a good strong check, and 
that the reel itself is strongly made and durable. 

Ill working the salmon fiy, the angler fishes either 
from a boat or from the bank, according to the river, 
and casts over pools and other places which are known 
by experience to be frequented by salmon. As a rule, 
only one fiy is used, and the cast is made across and a 
little down stream, the current bringing the fiy round, 
when the fiy is drawn up stream a little and a fresh cast 
is made, ^^en grilse are in the river two flies are often 


used, particularly if the fish run small; and in some 
pools the fiies are cast up stream and drawn quickly 
down or across, the dropper fiy being worked along the 
surface. There are many rules which are firmly believed 
in by old salmon fishers, but the salmon are constantly 
breaking them ; as, for instance, by taking a fiy floating 
on the surface, and by rising in pools where, according 
to local tradition, salmon are never caught. The height 
of the water has a very great deal to do with success in 
salmon fishing, and while, at a certain level, certain pools 
will hold rising fish, if the water falls or rises a little 
these pools may become useless, and other j)ools come 
into ply. In big rivers the salmon fly is often harled, 
that is to say, allowed to trail out behind a boat which 
is rowed backwards and forwards across the stream, 
being dropped a few yards at each crossing. By this 
means the fish sees the fly before being alarmed by the 
boat passing over it. In lakes salmpn are usually fished 
for with two flies, the drop])er Ixiing worked along the 
surface. Both in lakes and rivers, the angler who fishes 
the hardest, other things being equal, generally succeeds 
the l)est ; and it must not be supposed that the fish will 
not rise because the pool has been fished over two or 
three times. Sooner or later the jisychological moment 
arrives and the salmon rises. When a salmon misses the 
fly it is good policy to rest him for two or three minutes 
and then fish for him again, starting a little above him 
and gradually working down. If he again misses the 
fiy, a smaller size of the same pattern may be tried, and 
a still smaller one if he rises and misses this. Then 
other patterns may bo tried if necessary. In jilaying 
the salmon the rod should bo kept well up, with the 
butt resting against the hip and the left hand grasping 
the rod a little above the reel. The lino should not be 
touched by the left hand. The right hand should be 
kept on the handle of the reel, and the line should be 
wound up at every opportunity, if only a few inches, and 
allowed to run off the reel if the salmon makes rushes or 
heavy plunges. The angler should follow the fish, 
running or walking, as far as the bank will allow, and 
never give an inch more lino than he is obliged to, of 
course having due regard to the strength of the tackle. 
If it can be done without bringing the fish into a 
dangerous position, the salmon should be worked down 
stream. Thus the angler when playing a salmon 
maintains a position on the bank a little l^low the fish 
if ho can. It is an almost impossible thing to draw a 
very heavy fish up stream against a strong current. A very 
sulky fish may be handplayed. Salmon are also fished for 
with various baits, such as the prawn, worm, minnow, stone 
loach, gudgeon, and artificial spinning baits of which the 
phantom and spoon are the best. The spinning baits are 
usually harled in large rivers. The prawn is, as a rule, cast 
out and allowed to float down stream at about mid-water, 
but sometimes it is harled. It is a deadly bait in clear 
water. A bunch of worms is used in thick water, while a 
single worm on two-hook tackle may be cast up stream in 
low clear water. 

Trout, which most modem authorities consider spring 
from a common ancestor, vary remarkably in size and 
appearance. In a Devonshire brook they may xrout 
average a fifth of a pound, while in lakes they * 

grow to over 20 The Thames grows the largest in 
England. One was caught in Loch Stennes which 
weighed 29 9>. A cast of this remarkable fish is preserved 
in the smoking-room of the Fly-fishers’ Club, London. 
Trout may be divided broadly into two kinds: those 
which live permanently in river or lake, and those which 
pass the greater portion of their lives in the sea, visiting 
the rivers in summer and autumn, and while there pro- 
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pagating their species in much the same manner as the 
salmon. Sea-trout {SaXmo trutta\ sometimes called salmon- 
trout, and known in Ireland as white trout, of which 
the bull-trout is a variety, afford sport of the highest class 
to the fly-fisher. They are found in many salmon rivers 
and smaller streams, and exhibit a imrtiality for lakes 
connected with the sea. They are caught both in the 
tidal portions of the rivers, and in the upper reaches. 
,Fly-fli^ing for them is carried on in almost identically the 
same manner as what is termed wet-fly fishing for brown 
trout ; except where the fish run, large and small salmon 
flies are used, in which case the flies are cast and worked 
much as they would be for salmon. Sea-trout are 
notorious short risers, and both for these and 
Sm- rout. salmon which have lieen some time in the 
river and rise warily, a long-shanked double hook, small 
in the bend, is now largely used. It is known as the 
Bickcrdyke “ Salmo irritans ” hook, Salmt) irritans being 
a name humorously conferred upon the fish which just 
touch the fly without being hooked. Sea-trout are found 
in the pools of rivers, in small eddies, and generally in 
many of the places favoured by brown trout ; but they 
show a great partiality for a long rippling run of a few 
feet in depth, while in tlie tidal portions of a river a shoal 
will frequently be found collected round a sandy spit in 
only a foot or two of v^ter. They are generally fished 
for with rather gaudy flies with a mixed wing, the body 
composed of mixed seaPs fur (such as olive vith a little 
crimson and blue), with a ribbing of fiat silver tinsel and a 
short red tuft at the tail like the Zulu. They will at 
times take all the ordinary brown trout and loch flics such 
as are used both on river and lake, and in tidal pools 
there are few letter flies than a silver-doctor tied exceed- 
ingly small, while small Alexandras are also killing. The 
angler should be guided as to the size of his fly by the 
nature of the water, in a heavy stn?am a larger fly l)eing 
used than in a quiet one ; while in the pools, if there is a 
good ripple, a slightly larger fly should be used than if the 
rip])le is trifling. In lakes, sea-trout are found scattered 
over all the shallower portions, but favourite spots will bo 
round the edges of weeds and at the inlet and outlet of 
a stream. Sea-trout will take small spinning l)aits and 
'wonns, and are often fished for with a worm used on 
spinning tackle. A favourite artificial liait on the east 
coast rivers of Scotland is a very small tube of india-nibber 
threaded on a hook, and cast by means of the fly rod. 

Ho far as fly-fishing is concerned, the non -migratory 
trout are angled for by two very distinct and characteristic 
methods. On most of the English south-country 
rivers, and in not a few of those in the Midlands 
Trout. farther north, the various flies of the 

Ephemeridae family are very abundant, and as 
they come floating down the river the trout rise to 
the surface, take up a position, aud seize fly after fly. 
To capture the trout in such circumstances the dry-fly 
method of fishing has been invented. The flies resemble 
the natural insect, are tied with cocks’ hackles which are 
somewhat stiff, and arc frequently moistened with |>araffin 
to make them float. A single fly is used ; the line, a heavy 
aud tapered one, is greased; and the rod is usually a 
ihort but powerful weapon of about 10 feet in length. A 
feeding fish having been marked down, the angler stalks 
him very carefully, keeping well below him, and casting 
the fly with great precision about a yard above him so 
that it floats down over his nose, when the trout may or 
may not take it. Dry-fly fishing has become exceedingly 
popular of late years and has many enthusiastic professors. 
Though imitations of the Ephemeridie are most generally 
used, sedges, alders, palmers, and other flies find places in 
the dry-fly fisher’s Imok ; and when the spring fishing is 
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over most of the trout are caught in the evening by means 
of sedges of various kinds. In wet-fly fishing 
the angler regards wind as a necessity on the JS/nr 
more quiet pools, but in dry-fly fishing the trout 
are caught in absolutely calm w^atcr. The secrets cf 
success lie, firstly, in being able to mark down feeding 
fish ; in selecting those which are under the bank ratln r 
than out in the middle ; in keeping within casting distance 
of the fish without being observed ; in choosing the right fly, 
and casting with precision. The diificultics of capturing 
flsh depend very largely on the amount of Ashing d('ne in 
any |)articular river. If, for instance, it is a club water 
which is heavily iished, and large numbers of small trout 
are constantly lioing returned, the fish Ixjcome exceedingly 
shy and difficult of capture ; and it is quite possible that 
a certain proportion of them, finding surface feeding a 
dangerous amusement, turn their attention to the vast 
wealth of crustacean and other natural food which is found 
among the weeds of the chalk streams. Among the flics 
which are general favourites with dry-fly Ashers are the 
blue dun, red or claret quill, medium olive quill, iron blue, 
dark olive dun, gold-ribbed hare’s ear, silver sedge, orange 
sedge, cinnamon quill, little marryat, pale olive quill, 
detached liodgcr, alder, Wickham’s fancy, junk Wickham, 
and the May-fly. 

MTet-fly fishing is more particularly ajipropriate to 
streams w^here there is no considerable amount of surface 
food, where the water is shallow and of a 
broken character. Here the trout are ever on ^Thiu^ 
the look-out for passing jiarticles of food, and 
the angler walks up stream casting one, two, or three 
flies ahead of him, allowing them to drift back with the 
current and striking if he jierceivcs the least check of the 
line. On some big rivers, where the water is coloured, it 
is a common practice to fish down stream wdth a long line, 
but the uf) streiim method is generally the most successful. 
Even in low water, on hot, bright, sunny days, a Imsket 
of fish may be made by wading up stream, using a single 
fly, casting it in little nins behind rocks and stones 
and in every nook and cranny likely to hold trout : and 
it is astonishing to find what very small places will hold 
trout of a very rosjKJctablo size. In suc h cii cum stances 
down stream fishing would 1^ absolutely useless. For the 
trout of the smaller English, Irish, and Welsli rivers, and 
the Scottish burns, very fine tackle should be used, and, 
within reasonable limits, the lighter the rod the better, for 
it allows of more delicate manij)ulation. The trout run 
small, rarely exceeding half a i)ound, but the fishing, 
when there are several miles of breezy moorlands to 
walked, is of a very delightful chaiacter, and the charm 
of the surroundings and the hc‘althiiiess of the exercise 
will fully compensate for the lack of w^eight on the part of 
the quarry. There are some stn^ams which possess the 
characteristics of both wet-fly and dry-fly waters ; such, 
for instance, is the Dove. Here there are many quiet 
reaches of no great dcj)th where there is an abundance of 
surface food, and the dry-lly fisher can imss many happy 
and profitable hours ; while l:>etw’een them there are long 
rippling shallows, swirling eddies, and miniature falls, 
where the w^et-fly fisher has every opjiortunity of killing 
fish with his owm particular method. To fish such a river 
it is desirable that the angler should be acquainted with 
both methods, using each in its ai)proj>riate place. In 
fact, an angler can hardly be said to l>e a finished fly fisher 
until he is as expert w’ith the dry fly as he is with the 
wet fly. It is impossible here to give a complete 
list of the flies used by trout fishermen, but among the 
general favourites are the red and black |»almers, coch-y- 
bondhu, black gnats, the governor, the coachman, duns of 
various colours, Green well’s glory, March brown, redspinner. 


> 
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alder, <j£c. For wet-fly tishing the fly should, as a rule, be 
KjiarHely dressed, and the hackles should be soft. For low, 
bright water, where the fish are at all educated, some of 
the very liest flies are those used on Yorkshire streams. 
But now and again one happens upon a river where the 
tront show a decided preference for big heavily-dressed 
flies. In common language, they appear to like a big 
mouthful. 

Fishing with the May-fly is a thing of itself. On some 
rivers these large species of the Ephemeridee rise in 
extraordinary quantities, and the trout take 
fisbla^ them very freely ; in fact, in rivers containing 
coarse fish the trout generally run large, and, as j 
a general rule, refuse the fly at any other time. The big 
rise of May-fly, however, tempts them to the surface, and a 
goodly number are captured during the first week or two of 
flu no. hike the duns, the May-fly is fished either wet or 
dry, but more often dry tlian wet. It sometimes hapi)ens, 
however, that the wet fly will kill Initter than the dry. 
As the fly goes through its various changes the artificial 
should Ih) altered to correspond to it. First we have the 
gntendrake; then this sheds its skin and becomes the 
greydrako ; and, lastly, the greydrake dies and floats down 
with wings oxjianded on the water, when it is known as 
tlie spent gnat. The fly-fishing on a river is usually 
rather jioor for a week before the May-fly apjicars and lor | 
a week or two after it has disapiKNired, and by some I 
anglers the presence of the fly is on this account objected 
to. On the other hand, the May-fly has a splendid 
fiieiling eftcct on the trout, putting them into finest 
posssible condition. 

Lake trout, except where there is an abundance of 
coarse fish or b(jttoiu-feediug, generally rise much better 

Lmk§ trout trout, and are usually 

‘captured when thei'o is a breeze to ripple the 
water, and the day is not too bright. The fish lie round 
islands, off rocky jioints, by the sides of weeds, and over 
shallow ground generally, but are not much fished for 
with the fly in the deeper portions unless there is a rise of 
May -fly or other insects to bring them to the surface. 
The common practice is to row the boat to windward of 
some likely spot, then drift over it. The anglers, if there 
are two, sit at each end of tlie boat and take alternate 
casts. Short casts are bettor than long ones, for the trout 
will rise close to the boat, aud it is, generally sjjcaking, 
important to lot at least one of the flies drag along the 
surface of the water. When a fish rises at the fly and 
mi.sscs it, ho should bo east over again instantly, aud may 
often be caught, ludeed, the writer has on more than 
one occasion known a fish to rise in front of the boat, 
miss tho fly, the boat go over the fish, and the angler to 
take a cast behind the boat and secure the trout. Some 
lakes are not suited for drifting, and it is better for the 
attcuilcint to row tho boat, putting it near likely spots for 
fish. One greit point in successful loch-fishmg is to let 
the wind work the ttujs as much as possible. This can 
only be accomplished with rather a long rod, 12 feet or 
1 3 feet being a good length. The line is cast out side- 
ways, and the wind, bearing out tho line, drags tho flicjs 
in tlie same direction as the boat is drifting. By this 
means the flies are given the natural motion of drifting 
with the wind. When they are drawn against tho wind 
the motion is unnatural, and a large fish will often refuse 
to take them. The flics uscil in Jake fishing are mostly of 
a fancy character, lake trout showing considerable taste in 
tho matter of colour, to which, in Ireland jiarticularly, 
great importance is attached. There pigs’ wools and silks, 
furs of various hues, including olives, russets, reds, browns, 
&c,y are used, either alone or mixed. The usual wing is cut 
from the breast feather of a mallard, and the hackle, red or 
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black. A fly tied with red body and teal wing is a standing 
favourite. Large lake trout often show a preference 
for a claret-bodied fly with a dark mallard wing and black 
hackle. The size of fly used should vary according to the 
wave or ripple, and whether the day is bright or other- 
wise. Tho rougher and darker tho day, the larger and 
darker the fly. On a bright day, with a small ripple, 
small brightly-coloured flies should be used. Different 
lakes, however, have their own {leculiarities, and if there, 
is a rise of any jiarticular fly on a lake, that fly should of 
course be imitated. Tho moorlands have peculiar flies of 
their own, and on lakes situated among them, imitations 
of those flies should, if possible, be used. On several of 
the big Irish lakes there is a considerable rise of May-fly, 
when the fi-sh will take the artificial, but are more readily 
caught with tho natural insect, one or two of which arc 
impaled on a No. 6 or No. 7 hook and allowed to drift 
along the surface, the tackle being simply 2 feet of lino 
gut, above which is about 10 yards of floss silk, and then 
a fine running line. With a fair breeze the floss silk can 
be dispensed with, and an ordinary twisted silk, unJressi'd 
lino used. The most expert lake dayipcrs prefer a short liiKi 
to a long one. In a very faint air trout may sometimes bi* 
caught in this way by tying a goose’s breast feather, intci 
the floss silk line about 4 feet above the hook. By this 
means, if the rod is a long one, the May-flies can be got out 
sufficiently far to secure an occasional rise. 

In addition to the fly, the two other most common 
methods of catching trout are with a natural or artificial 
spinning l>ait, and with the worm. The most 
syiortsmanliko of these, in the sense that it 
requires most skill, is what is termed clear-watcr 
fishing with the worm. On three small hooks, 
placed at short intervals at the end of the cast, and 
commonly known as Stewart tackle, is imjialed a well- 
seoured red worm, and this, when the water is low and 
bright, the angler easts, wading up stream and fishing 
every hole aud corner in much the same manner as is 
already recommended for the single fly, used under similar 
conditions. Qrilse and sea-trout are also caught in this 
I way, and occasionally a salmon. Thu difficulty, of 
course, is to cast or swing out tho bait without causing it 
to break away from the hooks. The worming, which is 
done when the river is in flood, is of a very different 
I ehaiucter. Here a piece of lead is fixed on the line above 
a good-sized hook, and a big worm is let down in eddies 
close to the bank, where sooner or later a fish takes it. 
Minnows, wliich may bo either imitations such as the 
phantom or Devon, or tho natural minnow fresh from the 
stream, or one which has been preserved in formalin or 
other yireservative, are cast across the stream, the line 
being drawn rapidly in towards tho angler. About 
3 yards of gut is desirable above the bait, and at least 
I 2 yards from the minnow should be placed a very small 
, lead, immediately below which is a double swivel. It is 
important that the lead should hang a little below the 
level of the line to prevent it from twisting. This ensures 
! all the spinning taking place below the lead and tho swivels 
I doing their duty. A considerably stiffer rod is required 
; for this method than for fly-fishing, as much more pressure 
I is required to get the triangles which are used into tlie 
trout than the single hook on which the fly is mounted. 
In tho Thames bleak and small dace are used for 
spinning, and it is a common practice to use live bait for the 
i larger trout which in that river approximate in 
j size to salmon. Tho Thames live-bait tackle is tro^inz, 

I extremely simple. It consists merely of a very 
small cork, nothing being better than that taken from a 
chemist’s vial, with a slit down it in which tho lino is 
placed. A yard and a half below this are three or four 
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No. 1 shot, and a yard and a }ialf below the shot a lip 
hook and a small triangle. It will be seen that the bait 
plays near the surface, for near the surface are the trout 
when feeding. Success largely depends on knowing the 
whereabouts of the fish. Many trout take up their 
position after early spring in the more quiet reaches of the 
river, but most of the fishing is done in the weir-pools and 
on the shallows below them. 

In lakes, spinning is usually termed trolling, and is 
commonly carried on by trailing the Imit some distance 
behind the boat. In this case, as there is no casting to 
be done, the lead should be placed as far as possible from 
the bait ; one of the best tackles for the purpose is a 
small Chapman spinner. Large trout which are never 
caught with the fly, except in the May-fly season, may be 
caught by trolling. They are, as a rule, on the shallows 
in March and April ; about June they begin to move into 
deeper water and remain there until {September, when 
they are found round the mouths of tributary rivers and 
streams up which they will by and by run for spawning. 
The deep waters of lakes are not sufficiently fished, perhaps 
because the labour of working them properly is consider- 
able. As much as a pound of lead may be required to 
get down to the depths where the big fish lurk, and so 
that this lead may not alarm the wary old trout it has to 
l>e placed not less than 12 feet from the bait. Among the 
best baits used are small trout, minnows, gudgeon, bleak, 
and stone loach (called collochs in Ireland). A fish 
firmly believed in by many Scottish loch-fishers is HeUmo 
faro r, which is caught usually by trolling. It is, as a rule, a 
big-headed, ugly, dark old fish, and modern ichthyologists 
are of opinion that it is simply a lake trout of con- 
siderable* age and usually a male. Trout vary so much 
in appearance, according t(3 their age, sex, food, and the 
nature of the soil over which they swim, and other local 
conditions, that many alleged species have from time to 
time been discovered, which, in the end, turiieil out 
to be simply local varieties of the ordinary brown trout. 
Rainbow trout (Salim iruUnifi) have iiuw" b(jen so largely 
introduced into England, that they certainly claim atten- 
Rminbow regards their lieauty, sport-giving and 

tnut. ^ edible qualities, th(’y rival the sea trout, w'hile 
they grow with astonishing rajndity when well 
furnished with food. They are easily reared, and are 
certainly a great acquisitif)n. They have not yet had time 
to become acquainted with the methfxls of English fly- 
fishers, and rise freely at any fly and take all thi* ordinary 
trout baits. They succeed particularly well in lochs ami 
other enclosed sheets of water. They appear to have 
migratory tendencies, but it has not yet lx.*eu definitely 
ascertained whether this migration is simply in search of 
food from streams and rivers where they find themsehes 
starved, or whether it is an instinct. A quantity which 
were placed in the Dove have, to the knowledge of the 
writer, remained there three years. They have disappeared 
from many streams. 

The gmyling (Sal mo iliymcdliiii\ which is found in 
many of tlie trout streams, is, like the trout, a mem- 
a M II salmon family. It spawms in the 

spring, gets rapidly into condition, but is more 
commonly fished for in autumn than in suinnior. On 
the whole, it fi’oquents somewhat quieter waters than 
the trout. In the chalk streams it is taken by the 
ordinary diy'-fly methods, and elsewhere with Imth the 
wet and dry fly. It is less easily alarmed than the trout, 
and will rise again and again from the bottom, a 
peculiarity of the fish. Two of the l>e8t grayling flies 
are a very small apple-green dun and the red tag ; but a 
good imitation of any fly on the water wdll usually take 
this fish. Many grayling are caught in the north of 


England by means of light w'orm tackle worked with an 
exceedingly small float and a single .shfit. This is cast 
out here and there in rippling streams, the angler striking 
at the slightest bite. A method w’hich is giuduall} d}ing 
out is the so-called grasshopi^er, a good-sized Inc^k 
weighted with lead and the shank bound round Mith 
green silk, a stmw placed on each side of the Iwiid of the 
hook, and the point covenid \rith gentles. This arrange- 
ment is worked wdth a sink-and-draw moti< n, and i an 
hardly be termed a sportsmanlike method, for the gra}lirig 
is a very sport-giving fish. 

Pike, or jock (JSmt/j' funu/t) are usually fished for with a 
dead or live bait, according to the season of the year and 
the condition of the water. \\’hen the weeds 
are down, or at any time in such places as weir- 
pools, a live bait on float tackle is a deadly method, pro- 
vided the bait can be made to travel, and be brought 
under the observation of a numlKjr of fish. For very 
small liaits a single hof)k is used, ]>laced through the lip 
of the l)ait. For those oi medium size, tw'o triangles, 
placed within about an inch and a half of each other, aie 
prefeiTed. The hook of tlie nppei of these is cauglit in the 
back fin of the bait, while the hook of the lov^er triangle, 
usually made small for the purjiose, and sometimes 

reversed, is attixed to the bait neai the shoulder This 

is commonly known as the Jardine tackle. For larger 
baits the Bickerdyke tackle is one ol the Ijest made. 
This is saddle-liaek in character, aiming both sides of the 
bait, A single hook is stuck through the Uick tin and 
whijqKHl on to the two links of gimt) l)eaiing the side 
hooks, where they join. One of these side triangles 

hangs down loosijly under the Kaek tin, while the other, 

which is on a longer piece of gimp, is brought up to tlie 
shoulder of the liait anrl held there by means of a reveued 
h(K>k. Thus, when a pike is struck the ta(*kle is usually 
pulled away from the bait into the fishV mouth. 1-iive 
Imiting with gorge tackle is quite out of date, snap tackles 
of the kind described having proved far more effective. 
Pateriiostering is another method of pike fishing with 
live l»ait much favoured by modern anglers. The pike 
paternoster consists simply of a two-yard length of stout 
gut, at the end of w'hich is a half-ounce weight, bullet- or 
poar-shai^ed. About two feet from the weight a loop is 
tied in the gut, ami to this is IoojhmI a short length of 
gimp which boars the hook. A long, mther light bamboo 
hkI should be used for swinging out this tackle. The 
angler fishes entirely by feel ; dnips his liait in likely 
places, and, on getting a run, shouhl strike w ithout delay. 
Spinning is regarded as one of the most sportsmanlike 
methods of taking ])ike, ami. i>articulaiiy in lakes, is one 
of the most successful. The Iwst method of mounting the 
bait is either on a Bromley -Pennell flight or a ("hapman 
spinner, and the l>ait mav Ik? a small dace,^dgeon, bleak, 
or sprat, wiiilt* in wry line, low water a big iiiiiinow W’lll 
sometimes lie successful when largci liaits fail. Artificial 
pike l)aits are legion, but the spoon ami phantom still 
hold their place among the Ijest of them. It is extremely 
important to have a projH’srly constructed salmon -gut 
trace, the lead l»eing hung a little l>elow the level of the 
gut, so that no twisting takes place above it. Immediately 
below the lead should be a i>air of brass swivels, and 
absolutely none others aw required. Such traces are not 
always kept by tackle dealers, so that the angler frequently 
has to make them up for himself. The line should be just 
strong enough to hold the biggest pike likely to be caught, 
and stouter w’hore many weeds are present than in open 
water. The rod should be rather stiff, the rings large, 
and the reel of the Nottingham tyjie wnth an optional 
check. With this reel the pike spinner can cast in the 
Nottingham fashion, or, if he prelers it, in the old- 
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fashioiMsfl way wLicL is still pmctised on tho Thamoa and 
niJiny other nvera. The bait should be spun slowly, and 
always as near tlie haunts of the fish as possible, ciire 
Ixjiinir taken to sjiin it deep cnou^^h. In big lakes it is 
usually trailed behind a boat, just m the way that big 
tiout are fished for. Trolling with the dead gorge l)ait is 
p.'ohibitt?d on irir>st waters where pike are preserved, as all 
iish, little and big, caught by this cruel niothr)d arc 
destroyed ; but a sna]> trolling tackle has been devised 
which givtis very good results. It hooks the lish 
irunnidialely it seizes it. A leaded spike is forced into 
tlj(5 Iwiit from head to tail. At the enci of the spike is an 
e\f which i»iojects just beyond thc^ tail, and tlirough this 
the gimp ol the hook is threaded, and two triangles lie 
alongsidis the bait. The aiTaiigeirieiit is sliot cpiickly 
down into lioles between weeds and worked once <»r twice 
With a rather sharp sink-and-draw inoticui. PiktJ flies aw 
not much used, exce]»t in some of the lush kikes, but pike 
take llicm leadily enough on tliosc? deys *»»hcn they are 
ft‘cdiiig close to th(‘ surface. The haunts ot pike, it may 
bi‘ meul ion<‘d, are in mnning w'altjr at the l»eginning of 
the scMsoii, while as the car advances tlic\ g(‘t into the 
dcc]>s, hiding away among rusiies, ro(*ds, and wecxldieds, 
ever ready to jioiince out on any passing fish In the 
wintcir they lie in cjuieter w’atcrs, ])aiticiilarly m eddies , 
but it may be taken as a pike lisliing maxim that wheiever 
small lisli abound, there will tlie ])ik(* be found 

Mxcept for tlie fact that tackle has beim imndi iuipioved, 
out knowledge ainl methods of ca])tiiiiiig coarse fish by 
The minor what is commonly knowui as bottom-fishing have 
coantf not much advancc‘d during (he ])ist hall c*ejitury ; 

but if <mo fac’t concerning tiu'sc fisii has bec'onio 
more strongly emphasi/cHl than otliers, it is that \u make 
a handsome cuvel of liarbel {Jltrhas oulifan.^), tench {Tumi 
vuhfay'Is), \)Yim\\{Alnu(mu^hmni^i), orc*arp(f 
it is nc‘c-cssary to ground bait very lieaNiK in .idv.inc‘(‘ of the 
day’s spoil The best ground bait consists of w'oims, and 
the b(‘st woims come lium Nottingham. There scvnis 
soinc'llimg peculiar about the' soil ot tJiat locality which 
makc's t lie* worms specially at lr:i'*tivc^ to the ti.di. AVlnui 
fishing a bailed hole it is gocnl jioliey to allow' the worm 
and tlie shot of the iloat-ta<’kle to lie on tin* bottom, oi a 
verv light ledger m.iy Ik* used w’ltJi or willnait a float. 
VVorm,“^ muvaflays are not usually eunvded on to a hocik, 
but ijuilc* a small hook is used w’hndi is meiely cauglit in 
the tail, licad, or middle of the worm. The bait is tlius 
rcmdeicd much more attractive than it would otherwise 
be, and the tidi care little tor the visible h(»ok. Sucevss 
very laigcly depemls oil kec'ping numt, and, so tar as 
possible*, out ol sight of the fish. Cdiul* {Lmvi'ivm 
Cf/)hifhis) may be fishcid for in many w’a\s, but the 
Nottiiighain method, by means of which fif»at-tackle is 
let dMwii to a sw'im |M}rli.ips 'if) yards distant, is one of 
tlie most deatlh , and lias become a great la vniii ite wit Ji 
the nicKlein an;k*i The line umsI is exceedingly hn<*, and 
the oiK*ration a very aitistic one. The eJiub, as is well 
know'll, also rises to a fl\, and may be caught by various 
baits, such as frogs, slugs, gen tli\s,eockch.if(^rs,A*c'., cast under 
the boughs by iiaMiis of a ]M>wertul iI>“rod. In fVhing for 
roach ruft/ as)! here has been t)ractic*all\ noacUaiic'c 

in our know'ledge* ol late* M;ars. Tackle-makc*rs provide 
U8 Avith finer gut and lM*lter Jiooks, w'hilc" the roac-h bite as 
shyly as over. For dact* (LruA'isetfs cw/yum), however, 
and sometimes for roach, it has become (|Uito a common 
pnicticHs in some of tlie l.iiger rivers to rake the bottom 
behind the punt before ccunincuiciiig to ti.sli. This not 
o dy thickens the Avater slightly, wliich usually brings fish 
up into the swim, but also dislodges a quantity of mmutc 
fish focxl which serves as a natural ground liait. Dace, it 
has liecn found, rise well to the dry 11 y, when rising at all, 
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and may be caught on an absolutely placid surface by this 
method when the w^et fly is useless. (See also Ska- 
fishing.) 

Authorities.— H. Chcjlmondeley-Pennell and other writers. 
Fishing f 2 vols. (Hadniinton Library). I^idon : Longmans. — 
(k M. KsLbON. The Halnum Fly,- A. E. GATiiuRNE-HAKnY. 
The Salmon (Fur, Feather, and Fin Series). London ; Longmans. 
—The Marquis of Ghanwy. The Trout (Fur, Feather, and Fin 
Series). London : Longmans. — F. M. Halforj). Dry Fly Fish- 
ing in Theory and Viojctm, Floaiiuij Flies and Imo to dress them, , 
London : Sampson Low k Co. — John Bickeiiuyke. I'he Book of 
the all-round Angler, Loudon • L. Ujieott Gill. — Francis 
Francis. A Book on Angling. London ; Longmans.— F. Day. 
The British and Irish Salmonidce; The Fishes of Great Britain 
nnrl Ireland. London* IloraneCox. — ^T. E. PuiiT. Forth Country 
Flies , — W. Senior, John ]5ieKEKi)YKR, and others. Fike and 
Perch (Far, Feather, and Fin Series). Loudon . Longmans. — C 
II. Wheeley. Coarse Fish. London: Lawrence & liullen. 

(“ J. B.”) 

AnSfOl&f the general name of the Portuguese ])os- 
sessions on the wc'st coast of Africa lying south of the 
i‘Cjnator, and embracing Angola jiropcT, w'hieh stretches 
from the mouth of the Congo to the mouth of the 
Ciiuene, and the enclave of Cabinda, immediately north of 
the C’ongo Its boundaries are: — On the N., French 
Congo and the Congo Free State ; on the K,, the* latter and 
Jlriiish South Afric'a; on the S., German South-West Africa; 
and on the W., the Atlantic. Area, 484,370 square miles , 
population, estimated at 4,200,000. It embraces part or 
w'hole of the bisins of the Congo, Kwanza, and Ciinene 
(flowing w(;st), and of the Kuliango and Zambezi (flowdng 
east). Of these streams tlie Congo and Kwanza alone 
are navigable at their mouths. The coast-line, partly low', 
partly broken by rocky jiroinontories, ]>oKsos8es the ports 
ot Loanda, Lobito, Beiiguela, Mossamedes, Poi to Alexandre, 
ami ilcihia dos Tigres. There are various mountain 
chains and tiilib'lands running geniTally ]>arallel to th«' 
coast, as Tala Mugongo (4100 feet), Chella and ^'isHecua 
(o'J.IO to 0500 feet) In the region of Pailuiido arc the 
highest plants of the ])rovince, viz., Lovili (7780 feet), in 
12’ 5' S. lat., and Mt. Elonga (7550 feet). South of the 
Kwanza is this volcanic Mt. Caculo-C^abuza (3300 foot). 

With tlu* e\'pcj»ti(ni of the district of Mossamedes, tlie coast 
<iisti lets (the {mIiii country) are unsuitcil to Kiiropeuus. On the 
iiitciTor plateau, alwve 3ri00 feet, the tcmpcratuie and rainfall, 
together with iiialaiui, decrease soutliwaiils us hir as the luW'cr 
eoui-*e oi Llie (hjiieue. 'L’he mean annual tiiii|»eiaturo at Suo 
Salvador «lo Congo is 72" 'o Falir ; at Loanda, 74'''3 ; and at 
(ydi <iiula, 07'*2. TliO cliMiate is gieatly iiiflueneed by the prevailing 
wind"., winch lue west, 8oulh*west, and S,S.\V. Two seasons 
are ilistiiigui'.hed the eool, fiom June to Se}>l ember , and the 
lann, fioin OuLol>ei to May. The lieuvieat rainfall occurs in 
\piil, and js aeiMuupanicd by viobiit storms The minerals 
comprise copper at lb mlic, on the M’Biije and the Cuvo ; iron, at 
Ocinis (on the I.ucalla) and in liailundo , })ctrolcunj in Dando 
and (.,)uiu/uo , gnhl m J.»unluje and (’assinga ; and mineral salt at 
1,/iussima. B hiiul a i»gion ol inteimingbd gra-sy plains ami 
j».ilms (especially thf (niiiiea jialm, Elccis guincnisis) follow’S a 
legion ol savannahs juojut and low hills w'lth scanty vegetation. 
Ill tlie south this lattci legion merges into a baircn sandy desert, 
wiih ICchodselua mirabilts and Bauhinia, Amongst tlie culti- 
vated products are tlic sugar cane, cotton tree, coHcc, and tobacco ; 
ami the exports include tollcc, india-rubber, W'ax, vegetable oils, 
cocoa-imts, brandy, cotton, and ivory In 1890 tbe coffee crop 
weighed 49i)7 tons, and was valued at £329,050, as compared witfi 
J 1 12 tons in 1870 , an I in the same year tbe india-rubber croji 
weighed 2215 tons, vahuil at £526,550. The yield of wax was 
valued at £08,4.10. Industry is not greatly developed ; but 
di.stiliiiig, and tiie maiiniacture of tobacco, bricks, and tiles, and 
cottons, and the .salting of fish are carried on. In 1896 the 
o\|)orrs reached a total value ot £1,025,100; and to this must be 
added £222,250, as the annual average ox])ortatioii of the Congo 
district, or in all £1,247,350. In tlie same vear the imports 
totalled £766,700, tbe principal item being textiles (£368,900, of 
which £174,900, OI neaily one-half, came from Lisbon). In 1899 
the exports reached £1,768,554, and the inmorts totalled £1,536,049. 
Tlio total commerce of the province has nearly quadrujiled since 1870, 
ie,, itba.s increased from £827,800 (1870) to £3,304,603 (1899). 
In 1897 the ports of the province were entered and cleared by an 
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aggregate of 33S4 vesscU of 1,123,289 tons. There is a railway 
from Loauda to Ambaca ; iiichidiiig this line, aud others building, 
the province possesses 200 miles of railway. There me 070 miles of 
telegraphs. The native population consists of Bushmen, Jagas 
or laccas (Bangala), and Bantus. The province w divided into 
live districts — Congo, Loanda, Benguela, Moasamedes, and Luiida. 
"J’iie province, the capital of which is Loanda Luanda), is 
administered by a governor-general. It forms a bishopric ol the 
ecclesiastical province of Lisbon. 

See £. Dis Vasconcellob. As Cdoniaa rortuffuesas. Lisbon, 

• 1896-97. (k. Dh ^ .) 

Anaora, (i) a Turkish vilAyot in north-central Asia 
Minor, which includes most of the ancient Galatia, it is 
an agricultural country, depending for its prosfierity on its 
grain and the mohair obtained from the Angola goats — 
average annual clip 3,300,000 Uj. The onl^ important 
industry is carpet - weaving at Kir-shdir and Kaisarieh. 
There are mines of silver, copper, lignite, and salt, and 
many hot springs, including some of great rt‘putc medi- 
diully. Average annual exports, 18i)G-9S, £920, 7G2 ; ini- 
jiorts, £411,836. Population, 900,000 (Moslems, 765,000 ; 
Christians, 135,000). (2) The chief town of the viUyet, 

classical Amyra^ Turkish Euguri^ situali‘(l on the left bank 
of the Enguri Su, a tributary of the Sakaria, on the slopes 
ol a rocky hill which rises 500 feet above the plain, and is 
crowned liy the ruins of the old citadel. 

Christianity was probably mtrodiiced ut au eaily date, but ihcio 
in 110 evidence that the Ancyidii church \ias loiindvd by St Paul, 
or that hn ever visited North Galatia. The tovMi was cajduK'd hy 
the Persians, the Arabs, tlio SeljdkTniks, and the CiiiMaders before 
it ]ias8ed to tjie Osmanli 'rurka. In 1832 it was taken by the 
Kgyptians. Angora is cuuiiccted with CoiistHiitiiionle by laihvay, 
and exports mohair, gram, and yellow beiiieb. Mohan cloth is 
manufactured, and the town is noted lor Us honey ami h uit. Kioin 
1(539 to 1768 tliere was an ageney of llie Levant Company at 
Angora, and there is now a British eonsul. Population, 30,000 
(Moslems, 18,000 ; Chiistiaiih, (hieily iionian Catholie Aiiueiuajih, 
11,500; Jews, 600). (c. \N. VV.) 

AnflfOStura. Ciudad Bolivar. 

AnflroulBme, (*lii(‘f town (»f till' departiiient til 
Ciiarente, Frauc(‘, 277 miles H.S.W. of Pans, on the rail- 
way from Paris to Bordeaux. Seven suburbs surround tin* 
town — llonineaii, Baint Ausoiinc, St Martin, St Cybard, la 
Bussatte, les Beziers, aud St llocli. In addition to other 
nidustries it has manufactun*s of boots and shoes and 
gloves, wire drawing am 1 rolling mills, and coj»pei founding. 
Great commerce is carried on in wine, lirandy, ami ]>apt‘r, 
and the “pierres d xVngoultJine ” (piarried in the neigh- 
bourhood. Population (1881), 25,750^ (1891), 28,515; 
(1896), 30,616; (1901), 37,650. 

Anffuillai or Snakk, a small island now included 
in the IWidency of St Kitts Nevis in the British colony 
of the Leeward Islands. The destruction of trees by 
charcoal-burners has resulted in the almost complete de- 
forestation of the island. Nearly all the land is in the 
liands of peasant proprietors, uho cultnate sweet jiotatoes, 
l>eas, beans, corn, ifec., and rear sheejj and goats. fcJalt is 
still exported. The ])opulation in 1891 amounted to 3699 
(123 white, 757 coloured, 2819 negroes). 

Anhalty a duehy of Germany, situated on the Elbe 
and Saale, and almost surrounded by the Prussian province 
of Saxony, Agrieultui*e sujiports some 71,170 of the 
population, t.c., 24 i>er cent, of the whole. The princijiul 
crops grown are Iwetroot (for sugar) and jiotatoes ; then 
come hay, rye, barley, wheat, oats, and tobacco. In 1897 
there were in the duchy 18,515 horses, 67,100 cattle, 
90,815 pigs, and 91,815 sheoj). In 1895, out of a total 
of 32,280 farms, no less than 22,192, or 68*7 iK.*r cent., 
were less than acres in aim, 7530 between 2A and 25 
acres, 2393 between 25 and 250 acres, and only 165 
more than 250 acres. In 1898-99 the sugar refineries 
produced 83,718 tons of sugar, the breweries 10,472,000 
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gallons of beer, and the distilleries (1897) 763,000 
gallons of pui-e alcohol. In 1897 the mines ju-oduced 
1,219,701 tons of lignit-e, valued at £169,500; 208,664 
tons of coal, valued at £42,350; and 44,712 tuns cf 
chloride of i»otassium, valued at £.339,100 The popu- 
lation was 232,592 in 1880, 271,963 in 18‘.10, ami 
316,085 in 1900, of whom 155,185 were males and 
160,900 f( ‘males. All the pojiulation, except (1895) 8639 
Roman Catholics ami J611 .T(*ws, v\en' membeih of tin? 
Reformed church. In the ]»eriod 1891 98 inelusiM*, 101 
jiersoTis on an average emigrati*d evi*ry year. Jii the year 
1900-190J the revenue and ex]»endiluie balanced at 
£1,384,8^3. The ]ml)lic debt amounted in 1899 to 
£9375, and the state contribution to the empire in 1900 
to £127,710. 

Ani, an Armenian city ol im]>oitanee in the Middle 
Ages, now in Russian territor}^ wtuatid bi t\\t‘i‘n the Arpa 
C-hai, JJarjiUsuR^ and a dee]) lavuie In the 9th cent in y it 
Wcame the ca])ital of the lUgratid kings ol Aimenia, and 
when yielded to the l*>zantiue enipcioi, 1016, it ^^HS a 
])0])ulous city. Soon afleiwaids it was taken l)y the Seljuk 
Turks, and its luiii was conijilcted b) tlie Mongols in the 
3.3th century. Its remains aieot great inteiest, espeiially 
tliose of its churches, which throw much light on the C'hurch 
aichitecture ol Armenia. 

Ailich06| an iudustiial town of Fiance, di jiarlmeut 
of Nord, in the arrondissement of Louai, 12 miles fS. by 
V], of Lille, on lailway fioin Cambrai to Valeneieiines. It 
has rich coal mines ami is the seat of one of the most 
im])ortant glass- w'orks in Fiance. I’opidatioii (1881), 
4967, (1891) 6296, (1896) 0137, (comm.) (1924. 

Animal Heat. )S(‘(^ Pnv.sioLoin. 

Anjerp formerly a se#i]>ort Dnvn on thi‘ strait of 
»Snmla, .lava, 60 miles \V. ot BatuMa. It was destiuyed 
1)3 the inundation caused by' the eruption of IvraLit.io in 
August 1883. The telegi.i))h cable between .lava ami 
Sumatia teiniinates at Anjei Kidoel, oi New Ajjjcm, 3 
iiiiks south ol the old site. 

Anklamy a tow'n of Prussia, j)rovinco Pomerania, 
near the mouth of the river Peene, 53 miles N.W from 
Stettin by the railway to StralMiiid The cimreli of St. 
Mary (I2tli century) has a new' tuw't‘r 335 ft. high Tliere 
is here a nil litaiy school. The industries consist of iron- 
foundries and faetoiies for suL'^ai and soap Poj)ulatiou 
(1885), 12,786; (1895), 13, .560, (1900), 14,602. 

Ankober. )See Advssima. 

AnnSibergfi a town of Germany, Saxony, 6 niihs 
from the Iruntier of IJnlieiuia, 18 miles S. l»3 E. of 
C'hemiiitz by rail. It h«is an imiustii.il tiiiiale sehool, 
beshlci. schools for Jace, agiiculture, conimeice, and iiiusK-. 
The mining indiistiv h.is grwitly declined. Poj)ulatioii 
(1890), 14,960; (1900), 1.5,9.57. 

Annam. See To.ngking, Coclll^- C hina, aud 
Indo-Chin 

Annailp a royal and parliamentary burgh (Dumfries 
groiiji), aud ])ort of Dumlriesshire, Scotland, standing fui the 
east bank ol the river Annan, 93| miles S.S.E. oi Ghisgow' 
by rail. A harl)our trust w'as constituted m J897, and 
the Iw’-liour aceominodation lias Inicii inijiroved. The town 
hall has l>een rebuilt. Among the industiies are samKtone 
quarryniig, cotton uianufactuiv, distilling, l>oat budding, 
and nursery gardening. Large marine engineering works 
have been established in the vicinity. Pojiulatiou ol 
town in 1891, 4860; in 1901, 5804. 

AnnapOliSp a city and seaport of Maryland, T .S.A., 
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the capital of the state* and of Anue Arundel county. It is 
connected by rail with Washington and Baltimore. The 
U.R. Naval Academy buildings were l)eing rebuilt in 1901, 
the improvements consisting of cadets’ quarters, armoury, 
boat-house, and a new sea-wall, the whole estimated 
to c-ost $8,000,000, the sum authorized by Congress. In 
1900 there were 280 cadets at the Academy. Population 
(1880), CG4 l>; (1890), 7604; (1900), 8402. 

Ann ArbOtia city of Michigan, U.S.A., the capital 
of Washtenaw county. It is situated in the south-eastern 
jwjrt of the lower ikmi insula, at an altitude of 771 feet. It 
is divided into six wards, and is entered by two railways, 
the Ann Arbor and the Michigan Central. It is a 
univiT.sity town, with little in the way of manufactures 
or eoinuKjree. l\)pulatiou (1880), 8061 ; (1890), 9431 ; 
(1900), 14,509. 

AnnOCy^ chief town of the department of Haute 
Savoie, France, 401 miles S.E. of Paris, on railway from 
Aix les-Bains to Geneva, situated at the north end of Lake 
Anneey, partly on small islands formed by three canalc 
known as the Thlmur, Its library, noteworthy as Insing 
the oldest in Savoie, contains 12,000 volumes, and theie 
IS a tine* jniblic garden with a statue of Bc*rthollet, a 
native of this place. Its manufactures, less important 
than forinerl}^, include} paper and felt hats. Population 
(18KI), 9141; (1896), 9436 (comm.), 10,009; (1901), 


Annelldift a term now seldom usi*d in modern 
zoology In 1875, when the article under that name 
apj»earetl in tin; ninth edition of this w<jrk, it represented 
a class of organisms of which even at that date our know- 
lt‘dgc had so tar advanced as to make it iiiqiracticable to 
gi\o <i satLstactorily sharp-cut detimtion of the term. It 
then included the following orders: — 

1 . l*oi.Y<"H KTA (marine worms), 
n. OnioocHETA (land and fresh-water worms), 
in ()NY(Mfoi*HOKA (Peripatiis). 
i\. l)is(WHOiiA (leeches). 

(iKPHYKKX. 


IMiese have now lieen redistributed, and the following 
tabk* repn^stmt.') a widt*ly accejited view of their classifica- 
tion, Slid also shows the headings under which ivference 
will be found m the A'r/cy. Jirif, (ninth edition or Supple- 
ment) . -- 


C'l iHMOs and OnlcrM 

1. Oil ifrf)i’oi)\ 

a. I’olvdiirtii 

b. Arulimiinohda. 
f. My/i»stoinida. 
r/. Ollgoclia-tii. 

n. KeiiirKuii)L\ - Gki’hykk V \ 

VIIW VTA / 

ill. ITiui i)iM.\=rT)is(’ornnu\. 

IV. Sum NCri.o]|)K\ UlKI'UYKFA \ 

V. Phi viTi.iuDKv / infumi.v / 

VI. On YI'IIOIMIOKV = PitoTHAI HEATA. 


Articles 

Worm. 

EcHiriioimsA. 

Lkkch. 

HlITNCTLoinEV. 

Pkiitpatts. 


The first three of these six classes have be(*n shown on 
anatomical and embiyological grounds to have consider- 
able affinity to one another, and are genemlly admitted to 
have bdcn derived from a common ancestor of marine 
habit and cha}to]iodan t>j>e — cliaetoiKxlan in its segmenta- 
tion, in the possession of a true excretory ca‘loin and of 
setie (chreta}) formed in ectodermal sacs, and in certain 
dt^finite characters of the nervous and circulatory systems. 
Tlie .second two groups, which are now placed ajiart from 
the Echiiiroidea, with which they w’ere formerly united 
as Gephyrea, may jirove to be less closely allied to one 
another; the affinities of Siimnculoidea are (lerhaps 
to be sought with Phoronis and the Hemichorda. As 
to the position of Perijiatua in the animal kingdom, in 


spite of most complete studies of the anatomy and embryo- 
logy of numerous species, no general agreement can be 
said to have^ been reached by zoologists ; its affinities seem 
to point on the one hand to a chfietopodan origin, on the 
other to relationship with Tracheata (see Arthropod a, 
Peeipatus). 

Annistorii a city of Callioun county, Alabama, 
U.S.A., situated in 33^ 39' N. lat. and 85“ 50' W. long.,^ 
at an altitude of 693 feet. For a time it grew rapidly as 
a centre of iron manufacture, in which it is favoun'd by 
having ore, coal, and limestone in c’ose proximity. It has 
several blast furnaces and rolling mills, besides nunic r- 
ous other establishments for the manufacture of iron and 
steel. It has two railw'ays, the Southern and the Louis- 
ville and Nashville. Population (1880), 942; (1890), 
9998; (1900), 9695. 

Annuities, Terminable (British Govern- 
ment). — Terminable Annuities were introduced into, and 
have been employed in, the system of British public 
finance as a means of reducing the National Debt. This 
result is attained by substituting fur a perpetual annual 
charge (or one lasting until the capital which it represents 
can be paid off eti bhu')^ an annual charge of a *largi‘r 
amount, but lasting for a shorter term The latter is so 
calculated as to pay off, during its existence, the capital 
which it replaces, with interest at an assinned or agreed 
rate, and under specified conditions. The theoretical bases 
of such calculations are explained in the article “Annuities’' 
in the ninth edition of this w^ork. The practical effect ot 
the substitution of a terminable annuity for an obligation 
of longer currency is to bind the present generation of 
citizens to increase its own oliligations in the present and 
near future in order to diminish those of its successors. 
'J'his end might be attained in other ways ; for instance, 
by setting aside out of revenue a fixed annual sum for the 
purchase and cancellation of debt (Pitt’s method, in inten- 
tion), or by fixing the annual debt charge at a figure 
sufficient to provide a margin for rcducticm of the jirincipal 
of the debt beyond the amount required for interest (Sir 
Stafford Northcote’s metlK»d), or by providing an annual 
surplus of revenue over expenditure (the “old Sinking 
Fund ”), available foi tlie same purpose. All the.se 
methods have been tried in the course of British financial 
history, and the second ami third of them are still em- 
ployed ; but on tlie wliole the method of terminable 
annuities has been the one preferred by Chancellorb of 
the Exchequer and by Pailianient. 

Terminable annuities, as employed by the Briti'«b 
Government, fall under two heads : (a) Those issued t(^ 

or held by private persbns ; (/>) tho.se held by Govern- 
ment departments, or by funds under Government control. 
The important ditierence between these tw^o classes i.s that 
an annuity under (a), once created, cannot be modified 
except with the holder’s consent, /.c. is practically unalter- 
able without a breach of public faith ; whereas an annuity 
under (/>) can, if necessary, be altered by inter-departmental 
arrangement under the authority of Parliament. Thus 
annuities of class (a) fulfil most perfectly the object of the 
system as explained above ; while those of class (6) have 
the advantage that in times of emergency their operation 
can be suspended without any inconvenience or breach of 
faith, with the result that the resources of Government 
can on such occasions be materially increased, apart from 
any additional taxation. For this purpose it i.s only 
necessary to retain as a charge on the income of the year 
a sum“e(iuttl to the (smaller) perpetual charge w’hich was 
originally re})laced by the (larger) terminable charge, 
whereupon the difference between the two amounts is 
temi>orarily released, while ultimately the increased charge 
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is extended for a period equal to that for which it is 
suspended. The terminable annuities of class (h) were 
dealt with in this manner in 1885-86 and in 1900-1901. 

Annuities of class (a) were first instituted in 1808, but 
are at present mainly regulated by an Act of 1829. They 
may be granted either for a specified life, or two lives, or 
for an arbitrary term of years ; and the consideration for 
them may take the form either of cash or of Government 
.stock, the latter being cancelled when the annuity is set 
*ui). The total amount of permanent debt cancelled by 
these means from 1808 to 31st March 1890 was about 
77 i millions: the charge on the Exchequer for such 
annuities in the year 1898-99 was £1,284,000 ; the 
amount of stock and cash ai)plied in the same year to 
the purchase of fresh annuities was £1,119,000 ; and the 
annuities issued are valued at about ten years' purchase 
These figures consist almost wholly of annuities for lives. 
It may be inferred from the published returns that the 
net reduction of debt since 1890 by this channel has 
amounted on the average to nearly £900,000 a year, so 
that the total reduction of debt by this means, up to 
1900, must have been about 8G millions. 

Annuities (b) held by Government departments date 
from 1863. They have been created in exchange for 
perinancnt debt surrendered for cancellation, the principal 
operations having been effected in 1863, 1867, 1870, 
1874, 1883, and 1899. The amount so cancelled up to 
1883 inclusive was £118,242,000, and as the cajntal 
value of the terminable annuities of this class outstanding 
on 31st March 1899 was £22,765,000, it may be con- 
cluded that nearly 100 millions of permanent debt will 
have been extinguished by this method at the end of the 
century. The amount of j^ermanent debt cancelled and 
converted into terminable annuities in 1899 was twenty- 
eight millions. 

Annuities of this class (h) do not affect the public at all, 
except of course in their effect on the market for Govern- 
ment securities. They are merely financial oiHjratioiis 
between the Government, in its capacity as the banker of 
savings banks and other funds, and itself, in the capacity 
of custodian of the national finances. Savings bank 
depositors are not concerned with the maimer in which 
(lovernment invests their money, their rights being con- 
fined to the receipt of interest and the repayment of 
deposits upon specified conditions. The case is, however, 
different as regards forty millions of consols (included in 
the above figures), belonging to suitors in Chancery, which 
were cancelled and replaced by a terminable annuity in 
188.3. As the liability to the suitors in that case was for 
a s]»ecified amount of stock, special arrangements were 
made to ensure the ultimate replacement of the precise 
amount of stock cancelled. 

Altogether, therefore, it appears that during the 19th 
century over two hundred millions of the permanent 
national debt of the United Kingdom were cancelled or put 
in course of cancellation by means of terminable annuities. 

See Report of the Proceedings of the Coniniissioners fur the Reduc^ 
lion of the National DeU^ 1891, Parliaujeutuiy Paper, C. 6539. 

(8. E. 8.-E,) 

AnsbAOhp a town of Bavaria, Germany, district 
Middle Franconia, 27 miles by rail S.W. from Nurem- 
berg. There are a new municipal museum and a s^)ecial 
technical school. Ansboch possesses monuments to the 
native poets Platen and Uz, and to Caspar Hauser, the 
“wild boy,” who died here in 1833. Population (1885), 
13,93.5; (1896), 16,883; (1900), 17,555. 

AntjOnlAp a town and city of New Haven county, 
Connecticut, U.S.A, It is situated on the Naugatuck, 
just above its junction with the Housatoiiic, in the 


southern \m,rt of the state, 12 miles north-west of N««w 
Haven. It is divided into five wards, and its plan is 
quite iiregular. The New York, New Haven, and Hart- 
ford Railway furnishes communication. Its manufac tinvs, 
depending on the river for water- jiowvr, are i-liitfly in 
brass and iron. Its clocks have long bt‘en well kn^wn. 
Population (1890), 10,342; (1900), 12,681. 

Anstruther, Easter and Wester, a fishing 

town and railway station of Fifeshire, Scotland, in tin* fSt 
Andrews grou]» of i»arliamentary burghs, 9 miles S S E of 
I St Andrc>\s. The harlxmr vvas completed in 1877 at a 
cost of over £80,000. An endowed higher-class school 
was ojamed in 1886. Population, 2000. 

AntalO. Sec Abyssinia. 

AntanAnariVO, the caj)ital of Madagascar, situ- 
ated centrally as regards the length of the island, but 
only about 90 miles distant from the easteiii coast, m 
I 18“ 55' S. hit. and 47" 31' E. long. The city oceuinfs a 
I commanding i)Osition, being chielly built on the summit 
and sloijes of a long and narrow rocky ridge, which t‘\tciids 
I north and south for about two ami a ball miles, and i^es 
. at its highest point to nearly 7()b feet ebo\e the extensive 
nce-plaiii to the west, which is itself 4000 fe(*t above sea- 
1 level. For long only the jwincijial village of the Ilova 
chiefs, Antaniinarivo advanced in imi)ortance as those 
chiefs made themselves sovereigns of Madagascar until it 
, became a towm of some 80,000 inhabitants. Until 1809 
1 all buildings within the city pro]>er w't*ie of wood or lush, 

I but even then it possessed several timber ]>aJae(‘s of con- 
I siJerable size, the largest being 1 20 feet high. Since, the 
i introduction of stone and brick for budding, the wliolc 
city has been rf)buili, and it iiovx euutains iiunieioas 
structures of some aiehiteclural jnetensions, the royal 
jialaces, the houws of the piime minister and nobler, the 
French residency, the Anglican and Homan Catholic 
cathedrals, sevt*ral stone chuiches (as w'ell as othei*' of 
br.ck), coilegC‘s, schools, hospitals, courts of justice and 
othei Government buildings, and hundieds good dwell- 
ing-houses. Since the Frt*iich conquest in 1895 good 
roads have been constiueled throughout the city, ,iiid 
the central sjHice, called “ Aiidohiilo,” has becoim* a 
handsome phire, with w»alks and terraces, flowei -bids, 
and trees. Water is obtained fiom several sinings at the 
loot of the hill, but the supjily is scanty. The pojaila- 
tion is now about 60,000, but varies somewhat at different 
|)eriods. The city is guarded b> two forts built on hills 
to the east and south-west resiicctively (J. si ♦) 

Antarctic. See Polar Kkoions. 

Antelope. — Our knovidedge of the group of rumi- 
nants, commonly known as antelojK's, has greatly in- 
creased of late years, and a new treatment of the subject 
is now necessary. There is some uncertainty as to the 
origin of the name, hut it is not improbably derived frtnu 
raniholojts, the old Coptic term for the unicorn. It 
pro|ierly denotes the Indian black buck, which alone con- 
stitutes the genus Antdope, with the title of A, cervicapra^ 
but the term has been extended to embrace a very huge 
group of hollow-horned ruminants, or Jiovidet^ which do 
not come under the designation of oxen, sheep, or goats 
— the prong-buck of America (Avtdocapra mnericana) 
being, however, excluded, and forming a family by itself. 
The group, which scarcely admits of exact definition, is 
divided into sovei’al subfamilies, the majority of wliich are 
restricted to Africa (or Africa and Arabia), where more 
than one hundred different 8]iecies are known to exist. 

Till* first siiblamily {Bnbalbur) iiielmleH tin* liartebeests {Buhalis 
and Uarnahscus) ana tho gnus or w'ildebeests {ffonwichastcH), all of 
wiacli are large antelopes confined to 4haa, "ith tlic exception of 


t 
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one Arabian Rpeciea. The typical liartebeosts {Buhalis) are abort- 
bailed aniriuila, with withera, long faces, and Bharjily bent 

ridged horns, but m the blcsbok and its allies {DanuiHscua) the 
last three featnres are less marked. Heavy heads, smooth horns, 
long manes, au<l horso-liko tails sufficjeiitly charaetcrizo the pins. 
Tlio second subiiimily, or (Jff^hdnphvnai^ ineliides small or medium- 
sire'l species, represented only by the duikers or “divers’* {Vejthu^ 
lopfnta) of Af'riea, and the four- horned antelope (IHracfros) of 
India. All liave naked mu//les, elongated faee-glaiids or tear- 
pits, false hotifrt, and four in.nnnue, but there aic no hair-tufts nt 
the knees The short and n])nght horns are geneially present in 
both sexes. A third group, Orfotragttias, exeliisively African, is 
repiesented l>y a imiiiber ot small lorms, such as the tiny dik- 
diks 01 ibis {Onhia)^ sums (Ncsotrui/us)^ stiMiiboks 

{JihfrphurroM), and the active klipsjiringer {Oreolragvs). Of much 
larger M'/e an* the Alncan watei -bucks and kobs {Cohm) and reed- 
bucks (Orvtrnpnt), which constitute the subfamily Orvirnprina:^ 
and inelndo some of the handsonieHt of all antelopes, among them 
being the black CofntH nutna a,J\d C. of the swamns of the 

White Nile The riius/le is naked an«l the females aio hornless. 
Tile Vaal rhnbok (/V/m) likewise belongs to tins group. In the 
typical Huhfamily or Anttlnpuyry in which the females are also 
geneiallv without horns, are included the Indian black buck 
{A i/U/o/Jc\ the graceful Afiiuaii jiala {.h'pi/rrros), the pulfy -nosed i 
saiga {Snnpt) of Central Asia, the long lioine«l ehini (l*antho^ojis) 
of Tibet, the South African Kpiiiig-buck (Avfitforcns), the inimer 
ons and widely-spread gi‘ou]> of gazelles (Qazfl/n), and tlie dibat ng i 
[A mmtulorcnA)^ tlio long-necked gerentik (Lithntrramus)^ and the | 
tin> bcira {Dorcotragua) of Somaliland and Host Africa. VV'idely | 


—ANTHOZOA 

diflerent from all the foremiiii^ is tlie African p*onp of Bippotra- 

g ino?, all tlie members of which are of large size and have long 
orns 111 lioth sexes. Among these are the sable and the roan 
antelope {Nippolragu 8 \ with sabre-like horns, the straight-homed 
gemsbok and beisa {Ornx)t ftnd the long-haired and spiral -horned 
addax of the Sahara. The last group of what may be termed tnie 
antelopes is the Tragelaphinve^ in which the size is mostly Urge, 
and the spirally twisted horns are, excepting in the elands, 
restricted to the males. The sole non-African representative of 
the group is the Indian nilgai {licMif/aphus)^ in which the horns 
arc muoh shorter than in th« rest, Tlie African forms include the, 
beautiful bush -bucks or harnessed antelopes {Tragelavhtui\ in’ 
which the females are often more bnghtly coloured than the males, 
the stri]»ed kudus {Strepsierros^ and the elands {TaurotragttH)^ 
which arc the largest of all antelo]:>es. The remaining group 
{Jinpicaprirur), w'hich iiidioalca a tiaiisition towards the gnata, is 
represented by the cliiimois {Jivpicapra) of the mountains of 
Southern Europe, tlie goials {Urotratpis) and serows (HemorhcBdiia) 
of Eastern Asia, tlio takin {JJiidorcas) of the Mishmi Hills ami 
Tibet, and the so-called Ilocky Mountain goat (Oreamvw) of North 
America, which is the sole transatlantic representative of the 
antelopes, if indeed it be entitled to be called an antelope at 
ttll. (e. l.*) 

AntequerOi a city of Spain, province of Malaga, 
*28 miles N. of Malaga. Since 1890 a thriving industry 
has been created by beetroot and cane-sugar factories, em- 
ploying several thousand hands. Population, 24,387. 
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A l/niOl^Oir corals have been familiar obj(‘cts since 
the* days of antiquity, ami the vaiictv known as the 
])r(M'ifnis red cor,il has been for a long t inie an article of com- 
merce in the Mi'diterranean, it was only in tin* l«8(h century 
th.it tlieir true nature and strueliin* e.une to be nmlerstoiMl. 
By 111'* aiieienls and tlio (;arlier naturalists of tin* C^hiis- 
tian eia 1 bey WTri' regarib'd either ns jieti ifaetioms or as 
plants, and many suppo.se(l tliat they oecn]M(‘(l a jiositiori 
midu.iv between ruincials and jdanl.s Tin* diseo\ery of 
the animal nature of r(*d eoial is due to .1 A de Pe^ssojiel, 
a n.ilive of Marseilles, who obbiirnd li\ing sjHennens 
from tile eoial lislims on the const of I'aibatN aiul kiqd 
tliiMii alive in aqnaria. Ho wms thus able t<i see that tlio 
Bo-ealled “ lloueis of coral’’ 'WiTO in fu<*t nothing else than 
minute polyps resmnbling sea-aiicniones. Ills discovery, 
nunb' in 1727, A\as rejected by tin* Aeadi’iii} of Seieiiei s 
of t’ ranee, but eventually found accejdanct* at the liaiids 
of the Jtoyal Society (d' London, and was jniblished by 
that body in 177}|. The stiuclun* and elassitleation of 
polyjis, however, W(*n* at tliat time vi'ry Mn]K*ileetIy mulei- 
slood, and it was fully a century before tlie liuc ana- 
tonncal eliaiaeteis and systematic jiositioii of corals were 
placet I on a secuie basis. 

The bald ealeareous substance to which ilie name coral 
is applied IS the snp]Hirling skeli'ton of ceitaiii imnnbds 
of tlu* one of the classes of the ]diylum Cielen- 

tcra. The rmel familiar Antbozoan is the common sea- 
aneuMnie, Arfund ]j , and it will serve, nltlioiigh 

it does not foim a .skeleton oi as a good example 

of the struetuni of a ty]»i(Ml Aiithozoan jiolyp or /ooid. 
The individual annual or /ooid of Avtinia equina has the 
form of a column ii\(‘d by one extremity, called the 
to a roek or other objt'et, and bearing at the op]>usite 
extremity a crow^n of ieutarlta. The ti*nti\cles surround an 
area known as the jn'rlaiomc^ in tin* middle of which there 
is an elougaU'd luouth-oiiennig surrounded by tumid lips. 
The mouth does not open dioTtly into the general cavity 
of the body,' as is the case in a liydrozoaii polyp, but into 
a short tube called the sfoT/uidcrinu, which in its turn oikuis 
below into the general body -cavity or cadenterfm. In 
Actinia and its allies, and most generally, though not 
invariably, in Anthozoa, the stomodjeum is not circular, 
but is compressed from side to side so as to be oval or slit- 


like in transverse section. At each cn<l of the oval there 
js a groove lined by specially long vibratilc cilia. These 
grooves are known as the suirus and snlndus, and will be 
more particularly describi‘d hereafter. The elongation of 
th(' iiKHith and stomodieum confer a bilateral symmetry 
on the boily of the zooid, which is extended to other 
oigans «>1 lli(* body. Fn Actinia, as in all Anthozoan 
zoonls, the eielen 
ten >11 is not a 
Hiiiijile cavity, as in 
a llydroid, but is 
divided by a num- 
ber of radial folds 
or curtains of soft 
tissue into a coire- 
H]>otiding number 
of ratlial chambers. 

Tliese ladial folds 
are knowm ns 'fue- 
aenk't i ( and tlii'ir 
position and rela- 
tit>ns may bo 
iintler stood by re- 
ference to Km'S 1 1.- lonKltuflinal section of an 

1 **’ ’ Aiithozonii 7M, nuwntorv , <, tentacles; 

and 2. Jl^acll me stuiinMUcuiu , sc, suldis, r, liotti‘ken‘M muscle; 

Rt‘ntf*rv iitt'ifbiul muscle, rf, diagf.ual 

si.imTj IS aiiaciied , j,,,. guimtis. 

by its Upper mar- 
gin to the peristome, its outer margin to the body- 
w\ill, and by its Jowror margin to tlio Ixasid disc. A certain 
number of nicsenteries, known as complete mesenteries, are 
attached by tin* upiier parts of their internal margins to 
tho stomodicum, liut below this level their edges hang free 
in tho eteh'ntt'ron. Other mesi'ntcrics, called incomplete, 
are not attaclied to tlie stomodieum, and their inteinal 
margins are fri'o fiom the peristome to the basal disc. 
Tho lower jiart of the free edge of every mesentery, 
wdiether comjilete or incomplete, is thrown into numerous 
puckers or folds, and is furnished with a glandular 
thickening known as a meaeMtcrtal jilarnenl, Tho repro- 
ductive) organs or gonads are borne on the mesenteries, 
the germinal cells being derived from the inner layer 
or endoderm. 

In common with all Coelenterate animals, the walls of 
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the columnar body and alrto the tentacles and fteristome 
of Actinia are composed of three layers of tissm*. The 
external layer, or ectodernt^ is made up of cells, ami con- 
tains also muscular and nervous elements. Tlie jire- 
ponderating elements of the ectodermic layer arc* elongated 
columnar cells, each containing a nucleus, ami bt'aring 

cilia at their fret* 
extremiti(*s. l^aeked 
in among these aro 
gland nens^c rc/At, 
and ctiidiihlamlR, The 
hist -named arc 8 ]»eci- 
ally numerous on the 
tentacles and on sonu* 
other regions of the 
body, and ]>ruduee the 
wel 1 - known “ thread 
colls,” or nenKxto-cf/stn^ 
so ehjiracteristic oi 
the Ctelentera. The 
inner layer or endo 
derm is also a cellulai 
layer, and is (*hieH\ 
made Uji tif cokininar 
colls, each bearing a 
eilium at its fret* ex 
tremity and t(*rmin- 
aliiig iiiti'inally in a 
long muscular iibre. 

, « X. # .X, . ... Such cells, made up ot 

Via 2.— 1, Portion of «‘|»ltlieliuin from Um l«u xi_ i i i 
incloufun Actiiiiaii, Hliowliig thm suppoitiiig ejutneluil aiKl TUUSeU- 
cclU anti one aenso ci‘ll (w) 2, A cimloblu'.t I.... ‘in* 

with ciicluKcil llm wimo h\>o< i- tompoiK lus, dit 

iiipu 3 and J, Tao forms of gland cull fjom kllOWIl US eplthel.o- 
tho stoiuodumm. 6 ( 1 , 6 /), MpdlHlm-imiacultu 

culls from tho tvntaclu in dilluruut 8 tatt « of musclUar (CIS 1 11 
coiitmction An epitiudio-muscul.ii cell Actiuiaiis the epi 
flom Um cndodonn, conUuning a Hymbiotiu i i, 

zooxantliolla A ganglion cHl lioni Ibo thellO-IUUSClllar cells 
oct(j(lorm of Urn penstomc (After O and the eudodorm file 
K. Hurlaig,) 

crowded with yellow 
spherical bodic's, which are unicellular ])lantH or Alg.i', living 
symbiot ical ly in the tissues of the zooid. The endodeiin con- 
tains in addition 
gland cells and 
nervous ele- 
ments. The 
middle layer or 
mesoglooa is not 
originally a cel- 
lular layer, but 
a golatinoid 
s tr u c turek'ss 
substance, secre- 
ted by the two 
cellular layers. 

In the course of 
development, 3 
however, cel’s 
from the ecto- 
derm ami endo- 
derm may mi- 
grate into it. Pia 8 . — An expanded Alcyonarinn zonid, Nbowing tin* 
Til A mouth snrnjuiided liy uiglit pninalu Umtuclos 

Btoinodamni In the cuntre of tliH tranapaicnt bo«Iy , 
equina the meso- lunsuntorn'S ; aswi, asulcar ni«*Montuijes , U, 

glcea consists of 

line tibnjs imbedded in a homogeneous matrix, and be- 
tween the fibres are minute branched or spindle-shaiH'd 
Cvdls. For further details of the structure of Actiniaiis, 
the reader should consult the work of O. and K. 
Ilertwig (9), 

The Anthozoa are divisible into two sul>cla8se.s, sharp’y 
marked off from one another by definite anatomicul char- 



acters. These are the Alcyonakm and the Zo VNTn.vm 
To the first-named belong the prcc.ous ri'd ccjral and its 
allies, the sca-fans or (lorgoma? ; to the second belong tlu* 
white or Madrepurarian cora’s. 

Alcyo&aria In tins snh-class llio 7 (kh «1 (Fj^. Iuism-in cou 
ataiit anatomical Lhanietcrs, dilimng in some important ichjm'i is 
from Iho Actinian /ooid, w Inch haw been taken as a In |m‘ TIm k i . 
only one cilmb'd groovi*, the suIcuh, in the stomod.cinu. 'riu** 
an* always eight lew, which ait* hollow and linigislon tlu‘ii 

Hides, with hollowr plop 1 tjons or pmiiH ; and alwa^fs eight nuM'i'- 
ternjH, all of whn li aic Loni])letv, <.« , iiiHeiltMl on the Hlomod.t uw 
Tho mcscnieijes arc jirovulcd with wm*!! - dcv^dojied loiigjtiidin.il 
H'tiaeror niusi-hs, .sutijiorteil on lorigitndnial folds or phnts ol Hi* 
niesoglum, ho tlnvt in emss'set tion they lm\c a biancncd npj«‘,n 
aiice. These musch-hnnaars, aM tliey aie (ailed, liave a inghlv 
charaetcnstio anaugeiueiit , they aie all Hitualtd on thoho faces ol 
the iiie.scnlon(*H wlinh look towaids the huIcus (Fig. 1 \ Kaih 
mesentery has afihimeiif ; hut two of them, immeh, tin* pair farf lie^t 
from the Hulcns, anj longei than the J(*st, and liuve a difleient foim 
of filament. It lias been shown that tlieso a«ulear filaments aic 
d(*ri\ed fiom tin* eetod(>tm. the iciiuiiiider from the endodeirii. 
The only f\( epi ions to this Htiiietiiie aie found in the uiiestcd it 
modified 7ooi(Is, wliithofein in iii.iny ot tlie (oloin.il Aleyoniui.i. 
In these the fentaeles aie stunted or suppicssed and the mesenteiies 
are lU-d(*\ eloped, but the snl( us is umisuallv huge uml 1 ms long 
eiUa. Such modified zomds aic (alle(| «iphon<).'(;()id , their lunelion 
heifig to (hive (unients 
of fluid tlnough tin* 
canal - systems of tie 
colonies to whicli tht\ 
heloiig. With \el\ few 
exceptions a ealcaieous 
skeletou is ]»reseiil m 
all Alcyonana ; it usu- 
ally consists of sph'iiles 
of (’iiibouate of Imic, 

<»aeh Hpitulc lieiiig 
fomied within an veto- 
demiie cell (Fig .‘ 1 , bb 
jMoHt eoniiiionly tlio 
s]ncule - hjimnig cells 
pass out ol tin e(>todenu 
and aic imbislihsl in flic 
niesoghr a, w here t h t*y 
may lemaiu sejiaiatc 
iiomonc anothei 01 ina\ 
he fused toget hei to foi m 
aHtioiig mass. In ad- 
dition to the spK ul.ii 
skeleton an oiginie 
hornv skelfton xh lie 
queiitlv ]aesrnt, eilliei 
in the hum of a Inuny 
rxteinal iii\(‘stmeiit ((.’onnilaiia , 01 an inleiu.il axis (fioigoiiM 
or it may fonn a matrix in whnli spienie, an iinlHslded (Jxeioeides 
Mchtodes). 

2 seaib all tlie Aleyonana ai’c coloiual Fom solitary species 
huNe Ihcu desciiliecl, m/., ilatinn* Jtntihi , ^ and 11 JJarlt'u 

('/((jfifi'*, and Mnnu.rnnti Vatirtmt , hut it is d<»u])tful whctluT th(‘( 
me not tlie young loi ms ol (olo?ii(‘s ] (/i the piesent the Roht.ii,\ 
forma may he pl.ieed in a gi<td« ; and tln> colonml 

forms may he gioupcsf in .inofliei giad(, ^Mjnahujumtcia Kncm 
A l(\>oijannn (sdony is d(\i'hip(d bN laidding fiom a single paieiil 
/ooid. The buds aic not dn* it oulgiow tbs of the hod’, wall, but 
are formed on the (oip'-es ol hollow outgrowtlis of the hitse 01 
body-wall, called These loiiii a. mon* 01 less coinjilieated 

canal system, lined by endodeiin, and comimniK'atnig with tlie 
caxitiesof the /oonb. 1 'lic inosl .sniijde fomi ol budding i.s found 
111 tlie genirn Vornulitrm, in whn h I lie niotln*!* /oonl gnts off lioin 
its base one or moie simple ladieiloim *>ntgrow'ths. Kach out 
growth eonbiiiia a single tube 01 solcnium, mid at a longei or 
slKUter di.slaiice fiom the niotlicr zoopl a daiiglilcr yooid is formed 
us a hud This gi\ea off ni w outgrowths, and llnw, braneliing 
mid anastoriiosiiig with om* anothei, mav lonn a network, adheiing 
tostones, eoials, or otlier objects, lioni whicli rooids jinsc at iiiteivaK. 
In Clnvitiana mid its allies eu< li outgrowth eoiitaiiis acNcial solenia, 
and the oulgiow tlis may take tin* ioini ol Hat ex [Miii.s]()ii.s, coin- 
ix>sel of a iiumhcr of solenial tiihes lelted togitlicr to loirn a 
iaundlar siiUiu'c ol atlrmhnierit. Such outgrowtlis me (alh'd 
atolmis^ and a stolon may Ire siriijile, i./* . eoiitain only om* solenium, 
as ill Cornulana, or may he complex and laiilt up of many aoleiiia, 
as ill Clnvuhtrin. Furtlier con iirlicat 10ns ari.se when the lower 
w^alls of the mother zooni becmiie thickened and iiilcrpeiietiated 
w’lth solenia, fiom which buds arc developed, so tliat lobtise, tutb d, 
or branched colonies are formed. The chief oi*drrH of tlie S}ii* 



Vu. 1 - '1 Huutiou ol un Alcvoimnati 

iuoul )iihi, iM* sMitei ii , iiiUhclu Lhiiiiii i . , 
Si , MllCUS , ht, stijiitiiil.t Ulll, 
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aleyonacea arc founded upon the dilferent architectural featui'ea 
of colonies producwl hy dilVerent inodes of budding. We rccognhse 
Six onlcrs — the Stolon ifkji a, Alcvonac’KA, Pseudaxonia, Axi- 
FERA, Sj’ELKCHoTOKEA, and CVRNOiJIKCALlA. 

In the order Siolovikkua the /noids spiing at intervals from 
branching or lamellar stolons, and iiie usually lice from one another, 
except at their bases, but in soiucmmiscs hoiir.oiital solenia arising 
at various lieiglits from tlie body-wall may place the more distm 

portions of the zooids in 
coninnmidation with one 
another. In the genus 
Tuldjpora these hori- 
zontal snlcnia unite to 
fonn a soties of hori- 
zontal platforms (Fig. 5). 
The order comprises tho 
families ComulanidcF^ 
JSyringoporulic, TuhijM)- 
ridcPf and Favoadidcp, 
In tho limt- named tho 
zooids are united only 
by their hases and tho 
^ S ^ skoletiiu consists of loose 

Binciiles. \\iX\w. Tubqto- 
TidiV the sjMcules of the 
proximal jiart of the 
l>oilv-\N.ill Ave fused lo- 
getlier to toim a fiiiii 
tube, the emulhte, into 
which t lie distal iMirt of 
the rooid can l»e i-e- 
ti acted. The 0011111111*8 
arc conneeled at inter- 
Fio. 6. — A, Skeleton of ft young colony of Tutu- vals by lioiiAintal plat- 
iiora juirpuTwi itt, Mtolon , plntfonii. Ji, toniis containing soleiiia, 
nuigrftniiimtie. loiigitiehiuil Hcttion of u cdihI- Dig ]|<ve1 of each 

lib', MllOSlllg two platfoiJIlH, li, fllKl Hiuiph^ , ,, .xC 

1111(1 ciip-HliujiMl tabula*, t. (AlW llickBon ) )»latfoim tlic cavity of 

tlie coiallite is divided 
hy a traUHVci-Ho calcartsius jiartition, i-ither flat or cup-sliaiKicl, called 
a ttdmla. Formerly all eoials in winch tahuhe are jiresent were 
classed togothci as Tahulata, but Tubijiora is an undoubted Alcyo- 
nanan with a lamellar hIoIoii, and the stmelure ot the fossil genus 
Syriiigo]iorA, which has veitieal I'orallites unit<*d by hon/ontal 
solenia, clearly shows its affinity to Tubipora. The iVvositid®, a 
fossil family Yioin the Siliiiian and Devonian, have a massive 
eorulhiiu comnoHcd of iiumeioUH jiolygonul corallites closely jmeked 
together. Tiie cavities ot adjacent eoiallites conn mini (*atc by 
means of numerous pcrfiirations, which ajijssir to icjireHeut mlenia, 
and iiumoioiis tiansvcmc tabulic are also present In Favosifcs 
hemhpharricd a nuinber ol nulial H]iinc8, projecting into tho 
cavity of Ihc corulhte, give it tlie ujipmraiice of a madrejioraiian 
coral. 

In tho order Au*y«)\\(i:a tho colony consists of lumelies of 
elongato eylindrical /ooids, whose ]»ioMniul portions uie united by 
solenia and comiwwted, V\v fusion of their own walls and those of 
tho solenia, into a fleshy muss called the ea*ncnchyma. Thus tlie 
efciicnehyma forms a stem, sometimes branched, from the surface 
of which the free }M>rtioiiM of the /ooids jwojcet. The skeleton of 
llie Aleyonacea consists of se|»aiuto culcuicous 8]»iculcs, which are 
often, esjK^cially in the Neidithyuhe, so abundant and so closely 
interlocked as to form a tolerably firm and liaid aimoui. The 
Older conipriscH the 
families Xenwhe, Al- 
cjfotiuhcy and Ntphthy- 
nice. Alci/tmiujfi dttji- 
iatiim, a junk digitate 
form pojHilarly known 
as “ dead iiien's hii- 
gets,** IS ooninion in 
10-20 fathoms of water 
oT the English coasts. 

In tho Ollier Pkeup- 
AXoNiA tho colonies arc 
ujiright and blanched, 
consisting of a number 
of short zooids vvlioso 
proximal ends are iin- 
Doddeil in a ca*ncu- 
chyma containing 
mimerous ramifying Fio 6.-Portfon of a colony ut Cornllium rutfrum, 

Atirl aniniilAiT “bowiiig expanded mid cuiili acted cooida. In 
aoieuia ana spicuies. 

Ihe ceeilenohyma is out away to ahow the axin, a*, and the longi- 
further ditferontiated tudinal (unala, fe, aui rounding it. 
into a medullary por- 
tion and a cortex. Tlie latter contains the proximal moieties of 
the zooids and numerous but separate spieulos. The niedullaiy 
p^irtion is densely crowded with sjdcules of different shajio from 




Fid, 7,— The sea-fan (norginnn Cai'olniii). 


those in the cortex, and in some forma tho spicules are cemented 
together to fonn a hard supporting axis. There are four families 
of Pseudaxoiiia-^the JBriareidec, Sclerogorgidtr^ Melilodidm^ and 
Corallidce, In the firat-named the medulla is jicnetrated hy solenia 
and forms an indistinct axis ; in tlie remainder the medulla is 
devoid of solenia, and in the Melitodida and Corallidae it forms 
a dense axis, which in the MelUodidjx consists of alternate cal- 
caieous and horny joints. The precious red coral of commerce, 
VoralUum raWam (Fig. 6), a member of the family CorallUim^ 
18 found at depths vaiyTng from 16 to 120 fathoms in the Mediter- 
ranean Sea, cliiefiy on the African coast. It owes its commercial 
value to the beauty ol its hard red calcareous axis, which in life is 
covered by a cortex in 
whicli the pioximal 
moieties of tho zr^oids 
are imbedded, t 'tmil- 
hum ruhriun has lieeii 
the subject of a beauti- 
fully - illustrated iiie- 
iiioir by do Lacazo 
Diithiors, which should 
he consulted tor details 
of anatomy. 

The Axiferv eom- 
prises those corals tliat 
h.iv^e a homy or ealci- 
lied axis, which iii ]>osi- 
tioii eorrospoiids to the 
a \ is of tho Pseudaxoiiia, 

Imt, unlike it, is never 
Joi Tiled of fused spic- 
ules ; the most fauiiiiiir 
example is the pink 
sen-fan, Ooryoma (Ja\o- 
lunif which is found in 
nlmudanco in 10-26 
fathonis of water oifthe English coasts (Fig. 7 ). In this order the axis 
IS formed as an iiigrowtli ol tho cctodeini of the hose of the mother 
zooid of the colony, the cavity of the ingrowth being filled by a 

horny substance secreted 
by the ectodenn. In 
(Jurgoiiia the axis re- 
mains liuniy thioughimt 
life, but in many foinis 
It 18 further strcngtheiiwl 
by a dc|) 08 it of culciireous 
matter. In the family 
iBidtm' th«^ axis consists 
of alternate segments of 
lioiiiy and calcaicous 
substance, the latter 
being amorpbous. Tho 
Older contains six fami- 
lies — the J )asy gory idee ^ 
JsidaUf Prim7toui(€f Muri- 
cridcCf PlcxnundcVf and 
Goryonidfr, 

In tho oi*dcr Ktele- 
cHoTOKhA the colony 
consists of a stem formed 
by a gi’oatly- elongated 
mother zooicl, and the 
daughter zooids are 
home as lateral buds on 
tho stem. In the sec- 
tion Asiphunacea the 
colonies are upri|cht and 
branched, spunging from 
inembraiious or ramify- 
iiig stolons. They re- 
semble and are closely 
allied to certain families 
of the Oomulanida*, dif- 
fciing from them only in 
mode of budding and in 
the disposition of the 
daughter zooids round a 
central, much-elongated 
Fio. 8. — A, Colony of I’^ennatula photjihorea from mother zooid. The sec- 
tbe iiiRtamehiclial aspect li, tlui peduncle, tion contains two faini- 
B, Suction of tlie rachls t>'*sHng a lies the Telestidcc and 

pinna, a, axis ; h, iiietarae.hidial, c, pro- i ^ Ty mV 

raehidial, d, jiaranududinl stem canals. Cmogorgulai. The 

second section comprises 
the PmileUulaAxa or aea-|H*ns, which are remarkable from the 
fact that the colony is not fixed Iry the base to a rock or 
other object, but is imbedded in sand or mud by the proximal 
}H>rtion of the stem known as the peduncle. In the typical 
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geniiB, Fennatula (Fig. 8), the colony looks like a feather having a 
stem, divisible into an upper moiety or rachis, bearing lateral central 
leaflets (pinnae), and a lower peduncle, which is stenlo and imbedded 
in sand or mud. The stem represents a greatly enlarged and 
elongated mother zooid. It is divided longitudinally by a ])artition 
separating a so-called 'Central” or pnirochidial canal from a 
so-called dorsal ” or metamchidial canal. A rod-like sujtiMuting 
axis of peculior texture is develoiHjd in the longitudinal partition, 
and a loumtiidinal canal is hollowed out on either side or the axis 
111 the suostance of the longitudinal jiartitiou, so that there ait* 
four stcni’Canals in all. The prorachidial and metarocliidial aspects 
* of the rachis are sterile, but tlio sides or pararacludcs Iwar niuncious 
daughter zooids of two kinds — (1) fully-fonned autozooids, (2) small 
stunted siphonozooids. _ The pinme are formed by the elongated 
autozooids, whose proximal }>urtions are fusc'd together to {uim a 
leaf-like expansion, from the upper edge of whii^li the distal ex- 
tremities of the zooids project. The siphonozooids are very iiumcrouB 
and he between the bases of the niimfc on the pararoohidos ; 
they extend also on the prorachidial and nietaracludial sui fates 
The calcareous skeleton ot the Pennatulaeca consists of scattered 
spicules, but in one siiocies, Protvcaulun spieuios are absent. 

Although of great intci-ost the Peniiatulacea do not foini an enduiiiig 
skeleton or “coral,” and need not be considered in detail iii this ]»laee. 

The order Cienotheoatja is represented by a single living sjiecies, 
Uelio^ra casrulca, which diilers from all recent Alcyonaria m the 
fact that its skeleton is not coin 2 K)S(*d of spicules, but is furuied as 
a secretion from a layer of cells called calico! ilasts, ^^hu•h originate 
from the ectoderm. The corallum of Heliopora is of a blue colour, 
and has the form of broad, upright, lotted, or digitate musses flattened 
from side to side. The surlocos arc pitted all over with nerforations 


B 

Fio. 9. — A, Pori ion of llie surface of a colony of lldioim'a ot'rulm magnifliHl, 
bliowing two calices and the snrroimUiiig caairucliyinul tiihf*s. U, Hui;:1o 
zoonl with the udiacent Hot*t IIsmucs as seen afU'r reiimval of the Hkeleton l»y 
decalciflratiou. Zi, the distal, and Z-, tlie ])roxiina1 or iiitracaliculur 
portion of the zoonl ; ec, octfiderni ; tt, co’iiiincliyuial tubes ; njt, supet llci.il 
network of solenia 

of two kinds, viz., larger star-shapi'd cAvities, called caliecs^ in 
which the zooids arc lodged, and very numerous smaller round or 
polygonal a|>ertures, widen in life contain as many short unbraiielied 
tubes, known as the copnenchymal ttihra (Fig. 9, A). The walls of 
the ealiecs and ca*nenchyinal tubes am formed of flat plates of 
euloite, which arc so dis]iosed that the walls of one lube enter into 
tbn coTni>osition of the w^alls of adjacent tubes, and the walls of the 
cal ices are formed by the walls of ad,)acent emnenchymal tnlies. 
Thus the architecture of the nelio])orid colony differs entirely 
from such forms as Tubipora or Favusitos, in which each coral lite 
has its own distinct and proiier wall. The cavities both of the 
calices and ccenenchymal tubes of Heliopora are closed belowr by 
horizontal partitions or iaJndm^ hence the genus was formerly 
inelnded in the group Tahulata, and was snp|)osed to belong to the 
madreporarian corals, both because of its lamellar skeletmi, wdiich 
resembles that of a Madrc]K)re, and because each calicle has from 
twelve to fifteen radial partitions or septa projecting into its 
cavity. The structure of the zooid of Holio|>ora, however, is that 
of a typical Alcyonarian, and the septa have only a resemblance to, 
but no real homology with, the similarly-named structures in mmlre- 
IKirarian corals. Heliopora caerulca is found hotw'eeu tide-marks on 
the shore platforms of coral islands. The order was more abundan tly 
rejiresentod in Palaeozoic times by the Holiolitida* from the Upi^crand 
Lower Silurian and the Devonian, and by the Thecidne from the Wen- 
lock limestone. In HeHolitcs jwrosua the colonies had the form of 
spheroidal masses; the calices wore furnished with twelve iiscudosejda, 
and the coenenohymal tubes were more or less regularly hexagonal. 

Zoa&tharia. — In this sub-class the arraiigemont of the mesenteries 
is subject to a great deal of variation, but all the ty|M3S hitherto 
observed may be referred to a common ^n, illustrated by the 
living genus ISdioardaia (Fig. 10, A, B). ^lis is a small solitary 
Xoantliarian W'hioh lives emljeddod in sand. Its body is divisible 
into three portions, an up|ier eapUulum bearing the mouth and 
tentacles,^ a median aeapua covered by a friable cuticle, and a terminal 
phyaa which is rounded. Both oapitulum and physa can be retracted 




within the scapus. There are from sixteen to llnrty-two simple 
tentacles, but only eight mesontenes, ail of wlin h are complete. 
The stomodreum is compressed laterally, and is furnished with two 
longitudinal grooves, a sulcus and a sukulus. The airaiigemenl ot 
the muscle- banners on the meseuteriea is chaiwteiistn*. On six of 
the mesontenes the uiuscle-baniioro ha\o the same position as in 
the Alcyonaria, namely, on the sulcar loees ; hut in the two u main 
ing mesenteries, namely, those W’hich arc attached on eitlu r snle 
of the sulcus, the muscle-baiinei’s uio on the opiiosite oi biilculai 
faces. It is not know'ii whether all the eight lueHcntcnes ot 
Edwatdaia ai*e flevelo]>f*d simultaneously or not, hut m the youngest 
form whii h has been studied all the eight iiieseiitencs iveic 2 )reK(*iit, 
hut only two of tlum, namely the suTco-laterals, hoio mcscntei4.ii 
filaments, and so it is presumed that they are the first imii to he 
develo]>ed. In llio common soa-ancinone, Aefiina equina (w'hn h 
has alieady been quoted as a t.>i)e of Anthozoan structure;, the 
niest*ntei les are nimicrous and aie ui ranged in cycles. The mesen- 
teries of the lirat cycle arc comi'lete (i.e., aie attached to the 
stomodieum), are tw’olvo in number, and arranged in coujiles, 
distinguishable by the iwsition of the muscle-baniiei's. In the lour 
eou^iles of mesenteries winch aio attached to the sides of the 
elongated stoniodieum the muscle - banners of each cuiijilo are 
turned tow'unis one anothei, but in Ihesukaruiid sulculai couiilc^, 
known as the directive mesenteries, the muscle banuci-a arc on the 
outer faces of the meseiileiicH. ami so are turned away from one 
another (sec Fig. 10, C). The space enclosed betwx'cn tw'o mc8*‘n- 
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Fig 10. —A, EdwardMa elaparedii (after A Andren). mp, capitnlnni ; sc 
Hcaikui; ph, ploMd. 1), TraiisverHc section of the Mime, showing the 
oiiaiigemeiit of the iuesenti‘rii*H &, sulcus; s/, kuU'uIum. C, Transverse 
section ol JJcUcamjM. d, c/, ilin*cti\e luesenteriHs ; st, stomtKln'um. 

tcries of the same cou))le is called nn nitoco le ; the siiaco cnolosc'd 
betw^een two mesciitciics of adj.iccnt coiijiles is called an exitcofir. 
The second cycle ot mcHcntencs coiihisls oi six couples, each ionned 
in an exocoele of the primary cycle, and in cacli couple the muscle- 
banners are The thud cycle coin puses twelve coujilcs, 

each formed in an exoco'lc la*twreii the jn'iinary and secondary 
cou]»h-s, and so on, it being a general rule (subject, however, to 
exceptions) that new mescnteii.il coiqiles aie always fonned m the 
exoerclcs, and not in the entucieles. 

While the nieseiitcrial couples belonging to the second and each 
successive cycle are foinicd siiiiultancousl), those of the firat cycle 
are formed in successive jiairs, each menilH*r of a ]iaii being placed 
on opjMisite sides of the stoinodteum. Hence the arraiigeincut in 
six couples is a secoiuhiiy and not a priinaiy featuie. In most 
Actiiiians the mesenteries ap^M'ar m the following ordei : — At the 
time when the stomodwum is Ionned, a siiiglo pair of incsontcrics, 
marked I, I in the diagram (Fig. 11, A), makes its apjiearancc, divid- 
ing the cceleutonc cavity into a smaller sulcar and a large sulcular 
chamlier. The muscle - banners of this jiaii are placi'd on the 
Hulcai laces of the mesenteries. Next, a jiaii of mesentcrieb, marked 
II, II ill the diagram, is devclojied m the sulcular chamber, its 
inusulo-biuinci's facing the wmic way as those of I, I The third 
jMiir IS formed in the sulcar chainlier, in close connexion with the 
sulcus, and in this case the muscle-banners arc on the aukular 
faces. The fouith jiair, haying its muscle-banners on the sulcar 
faces is developed at the opjiosite extmmity of the Btomod«*um in 
close connexion with the sulculus. There are now eight mesen- 
teries present, having exactly the same arrangement as in Kdwardsia. 
A pause in the devtuojinient follows, during which no new nieson- 
terios are fonned, and then the six-rayed symmetry characteristic 
of a normal Actinian zooid is conijdotcil by the foimatiun of the 
mesenteries V, V in the lateral cliainlxrs, and VI, VI in the sulro- 
luteral chambers, their muscle - banners being so disjiosed that 
they form couples respectively with II, II and I, I. In Adinta 
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Muina tUo Kilwardhta hLa^'e w arrivetl at somewhat differently. 
The moHeiiteries second in order of foi'niatiou fonn tlie siilcular 
directives, those fourth in order of formation form with the fifth 
tile suleulo-lateral (jouples of the adult. 


d 




11 A, IHu^rani MhowiT);;i ilin nf iiiPMf'Dt^rial cl< volopim*nt in an 

A<*lifiinn. 11, Dint^ntiiiriialic traiiHViM'Ho suctiwn itf fionuctntta pndt/mt 

As lai as the anatomy of the /ooid is ronccined, the majority of 
1 1n* stony or madroporarian corals ap^iee evaetly ^\ itli the soli- bodied 
Actirnaus, Much as Actinia etiuina^ Isith in Ihn nuinia*!' and arrange- 
nieiit of tho adult meHi*nt<*ries and in iln* oMli*r of d«*veloj>ment ol 
lln* lirst cycle. Tin* tew oxeeptions will be dealt with later, but it 
in.iv bo slated licrc^ that even in ihcHe the Ijiwt cyt k* (ff si\ cou]»les 
ol mesenteries is alw'ays formed, ainl in all tho cases whieh have 
been examined the course ol <h*v< loinuejit dosciibcd aijove is 
tollowcd. There are, liowcvei, soveial gioujis ol Zoantharia in 
w'liich the ineHenterial airangemoiit ol the adult dilfers widely fiorn 
that just diHeribod. Ibit it is ts*ssible lo relei all these cases with 
more or less eertaiiity to the Kawardsiau type. 

The order ZoANniioKA eoiiipiises a iiuniher of aolt-l)odn*d 
Zoanthaiians goiierally encrusled with sand. Externally they 
reseijilile ordinary sea nneinoncs, hut theie is only one ciliah*d 
groove, the Buleiis, in tin* stomodivi'iii, nini tin* mesenteries are 
111 ranged on a tiei'iiliar naltciii. The lust twelve mesenteries are 
disposed 111 couiilos, ainf do not difler liom tliose of Actinia except 
111 si/o. Tlte iiiesentei lal nans I, JI, and III aic attiK*Iied to the 
stomodiciun, and are culleu inucioniesenterica (Kig. 12, B), butlV^ 



Fio 1*2 - A, Zoanlhid eol(in\, slidWini:; the exiunuled zoonU. It, Piaifiaiii 
show tii|f Uir nil Mt ol nil -.(M)t(M ii'H inn Zaintlitil. T, Diit^iaui 

showitix Um of nic'ijt.iitf'rn;8 in uu n<lult Zoaiitlnd 1, SJ, 3, 4, 

KdwaoiHian inuHeiiti ms. 

V, and VI me much shoitcr, ainl aie called imcrumeaeiiterics. 
The subsequent devehqiinent is ]ieculiar to the group. New meseii- 
teiios aio lomied onl^ iii the Hiilco-lateial e.xoea*los. They are 
formed ill collides, <*iuh couple c«ui.sisting of a macroniosentery and 
a inioromcsentcry, disposi d so tluit the former i.s nearest to the 
Huluar directivi‘s. The den vat nm of tlio Zoanthidea from an 
Edwardsia form is aullien*nlly obvious. 

The order (Ieki \\ iiiinr.v comprises a few* soft -bodied Zoan- 
thariaiis with rouinlcd uboial oxtieiiutics pierced by jKires. They 
have tw’O circlet s ol tcnt^n'les, a labial ainl a marginal, and them is 
only Olio ciliat(*d groo\e in the slomodjeum, W’hieh aiqiears to lie 
the 8uh*ulu.s. Tile mcsentt*ries are iiiimeroua, and tho longitudinal 
musch*8, though distinguishaldi*, arc so feebly develo|xid that there 
arc no muscle > Itannem. The laival forms of tho ty |)0 genus 
i\nanJthii8 float frocly in tin* sea, and were once considered to 
Isdoiig to a sc|iarate genus, Anuhnn In this larva four jiairs 
of mosentories having the typical Kdwanlsian arrangement aie 
developed, in tho same sequciu'O as in Bhodactis, hut the fifth 
and sixth pairs, instead of fonning couples wdth tho first and 
second, arista in tho sulcar ehainher, tlie fifth fuiir inside tho fourth, 
and tho sixth jiair inside the fifth. New mosenteries ana continually 
added in tho sulcar chamber, the seventh iiairwdihin tho sixth, the 


eighth juiir within the seventh, and so on (Fig. 13). In the 
Cerianthidea, as in the Zoanthidea, much as the adult arrangement 
of niesentories differs fnmi that of Actinia, tho derivation from an 
Kdwardsia stock is obvious. 



Pio. 13.— A, CerUirUhus tnlitarnnf (after A. Andres). B, Transverse section of 
ilio Btniuodtcum, Bhowiux tlu» aulcnlim, si, and tlie arrangejiieiit of tl*i» 
mesenteries. C, Oral nspet 1 of Antchnactis brachtolata, the laiva of 
CiTuinlhUH, with sevoii tcMitades, 1), Ttansvcise bhcUou or an older lur\a. 
This liumeralM iiidicatis tho order of do\'i*lopirii*nt of tho mesenteries. 

Tho order Avtipathiula is a well-defined groiin whose affinities 
are moro obscure. The tyjw fonn, Antipathca dichotonm (Fig. 14>, 
fonns arborescent colonies consist ing of numerous xooids arranged 
in a single seiics along ono surlacc of a branclierl horny axis. Kacli 
xcMiid has six tentacles ; the stomodieuni is elou|mte, but tho 
siileus and sulcuhis aro very feebly represented. There arc t(*n 
niesentories in which tho nmsciilairiio is so little devolo|)ed as to 
be almost indistinguishable. The Bulc‘ar and sulcular pairs of 
me^iitericH are short, tho sulco-lateial and sulculo-lateial jrairs aro 
a little Itmgcr, but the two transvenjc aie very largo and are the 
only mesen tones wdiich bear gonads. As the development of the 
Antiiiathidea i.s unknown, it is impossible to say wliat is tlio 



Fro. II— A, rnrtlon of a colony ot Aatipathes duhfftoma. B, Single zooid 
and axis of tlui same niagiii(te<!. w, mouth , m/, itiesenterial filament ; or, 
axis. O, Tranversf snclion through the oral cone of AnhpathtUa minor. 
stomudRum ; ot>, ovary. 

sequeueo of tho mosenterial development, but in Leiopathea ^lahcr- 
rima, a genus with twche niesentories, there aro distinct indica- 
tions of an Kdwardsia stage. 

There are, in addition to these ^oups, several genera of Actiniaus 
whose mesenterial arrangement aiffcrs from the normal type. Of 
these {lerha^e the most interesting is Oonactinm vrolifara (Fig. 
11, B),«with eight macromoBonteries arranged on the Eawaroaiaii 
plan. Two pairs of microniesenteries form couples with the first and 
second Kdwardsmn pairs, and in addition there is a couple of micro- 
mesenteries in each of tho sulculo-lateral exocoelos. Only the first 
and second pairs of Edwardsion mooromesenteries are fertile, 
bear gonads. 
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The remaining forms, the Actikiidsa, nro divisible into the 
Malacactinia*, or soft-bodied sea-anemones, winch ha\ « ah early been 
described sulhciently in the courao of this aiiiele (pp. 454-5), and 
the Scleractiuiee ( = Madrei)oraria), or true corals. 

All recent cuials, as has already been said, conform so 
closely to the anatomy of norinul Actinians that they 
cannot be classified apart from them, except that they are 
distinguished by the possession of a calcareous skeleton. 
This skeleton is largely composed of a number of radiating 
plates or septa^ and it dilTers both in origin and structure 
from the calcareous skeleton of ail Ahyouaria except 
Heliopora. It is loruied, not from fused spicules, but 
as a secretion of a special layer of cells derived from the 
basal ectodenn, and known us ralinjUa^ta. The skeleton 
or corallum of a typical solitary coral — the coiiiniou l)evon- 
shire cuj[hcorul Car^ophyllia &inithii (Fig. l.>) is a good 



Fio. 15.— 'Oorallum of Caryophyllla ; aemi-dlagraminatic. th^ theca ; c, coaUe ; 

8J1, H«pu , /), jialn** ; col, columella. 

example — exhibits the following parts: — (1) The Ijfim/ 
plate, betwee.n the zoc»id and the surfice of attachment. 
(2) The »epta, radial plah^s of c<dcite leiu’hlng fioiii the 
|*eriphery nearly or quite? to tho centie of the coral-cup or 
calicle. (‘5) The theca or wjill, which in many corals is not 
an independent structure, but is formed by the conjoined 
thicken(3(l i)eripheral ends of the sejita. (1) The atlaimlla, 
a structure which occupies the centre of the calielo, and 
may arise from tlic basal plate, when it is called essential, 
or may be formed by union of trabecular offsets of the 
septa, when it is called unessential. (5) The cohUv, longi- 
tudinal ribs or rows of s] lines on the outer surface of the 
theca. True costie always correspond to the sc^pta, and 
are in fact the |)crii>heral edges of the latter, (0) 
an offset of the basal plate which surrounds the base of the 
tlitjca in a ring-like manner, and in some corals may Uvke 
the ])laco of a true theca. (7) Pali, spinous or blade-like 
upgrowths from the bottom of the ctiliclc, which jnoject 
between the inner edges of certain sejita and the columella. 
In addition to these parts the following structures may 
exist in corals: — Dii^epinunU are oblique calcareous i»ar- 
titions, stretching from septum to septum, and closing the 
interseptal chambers bcjlow. The whole system of dissei>i- 
nients in any given calicle is often called endof/ieca, St/vap- 
fieylas are calcareous bars uniting adjacent si'pta. TahtUcB 
are stout horizontal partitions traversing the centre of the 
calicle and dividing it into as many 8Ui>erim] »osed cliamlx?rs. 
Tho septa in recent corals always bear a definite relation 
to the mesenteries, being found either in every entcx^wle 
or in every ontocoele and exoccelo. Hence in corals in 
which there is only a single cycle of mesenteries the 8e})ta 
are correspondingly few in number ; where several cycles 
of mesenteries are present the septa are corres|x>ndingly 
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numerous. In some cases — e.//., in some species of Math 
pora — only two septa are fully developed, the rcniainih*r 
being very feebly represeuted. 

Though the corallum appears to lie witliin tlic zuoid, it 
is morphologically external to it, as is best shown bv its 
developmental history. The larva? of corals nn? free swim- 
ming ciliated forms known as planulse, and tlo^y do nut 
acquire a corallum until they fix themselves. A ring-shapiM I 
plate of calf'ite, secreted by the ectodenn, is then formed, 
lying between the embryo and tho surface of attachineni. 
As the mesenteries are fornieii, the endoderni of tiie bas.il 
disc lying above the basal plate is raised ii]i in tho form of 
radiating folds. There may be six of such folds, one in 
each entocoele of the primary cycle of mesenteries ; t)r 
tlu»ro may be twelve, one in eac h exocoilo and entocade. 
The ectoderm beneath each fold becomes detaclied from 
the suif.ice of the basal piati*, and both it and tho ni(*so- 
ghea aio folded conformably with tlie einhideim. The 
cells forming the limbs of the ectoilennic folds scciete 
nodules of caleite, and these, fusing together, give rise to 
SIX (or twelve) vertical nidial plates or sept<i. As giowtli 
pux:eeds new septa are formed smiultiineously with the 
iiv'W eoui»les of secondary iiiesimieiies. In some coials, iu 
^^hlc]l all the septa aie eutoeielic, each new system is 
embraced by a mesenteric couple* ; in otliers, in winch 
the sej>ta aie both entoccelic and exoetelic, thrtic septa aio 
foiined in every chiiniber between two primary mesenteruJ 
c()Ui)les, one in the cntoctele of the newly- loimed mese:*- 
terial couple of the secondaiy cjcle, and one in ea< li 
exfxitele between a jnimary and a secondary couple. ThcMj 
laiUT aie iu turn embiaced by the cou[>les of the tertiaiy 
cycle of mesenteries, and new septa aie foimed in tho 
cxocuilcs on cither side of them, and so forth. 



Flu 1(1. — Taiifirnnl ini Bpotionofa larva of Antrolfle^ ndimlnris yrhwli lian fl td 
itH«*n on a piri'e ol coik. r/, »»i*n»denii , en. ciniuijpini , wf/, i; 

m, m, inPKPiit-ennH . 8, HPtituni , h, ImihuI i>mto toiiiuMl ol ellipsoiilH if 
c'trlioiKite uf Imiu Nccretud ry tliu biUttl uctcKluiui , ijj, (Aller vuu 

Kuch.) 

It is evident from an insi>ection of Figs. 1C and 17 that 
every septum is covered by a foitl of eiuloderin, luesoglu?.!, 
and ectoderm, and is in fact pushed into tlie cavity uf the 
zooid from witliout. Tlie Z(»oid then is, as it w^en*, 
moulded ujxm tho corallum. When fully extended, tl.o 
up})er part of the zooid ^(rojects for some distance out of 
tho calicle, and its w'all is reffected for some distance ov( r 
the lip of the latter, forming a fold of soft tissue extendiLg 
to a greater or less distance over the theca, and containing 
in most cases a cavity continuous over tho lip of the calic’o 
with the ccelentoron. This fold of tissue is known as tlio 
edge-zone , In some corals tho sctita are solid imjH'rforato 
plates of calcite, and their ^(eripheral ends arc cither firmly 
welded together, or are united by interstitial pieces so as 
to form an imperforate theca. In others tho peripheitd 
ends of the septa are united only by bars or trabecula', lo 
that the theca is jicrforate, and iu many such perforate 
corals tho septa themselves are pierced by numerous iKirfoui- 
tions. In the former, which have been called aporose corals, 
the only communication bt^tw^eeii the cavity of tho edge-zoi o 
and the g('neral cavity of the zooid is by way of the lip of 
the calicle ; in tho latter, or jierf orate corals, th(? theca is 
jiermeated by numerous branching and anastomosing cauaks 
lined by endodeiin, which p^ace the cavity of the edge-zono 
in communication with the general cavity of the zooid. 
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A largo number of corals, both aporose and iwrforate, 
are colonial. The colonios are produced either by budding 
or division. In the former case the young daughter zooid, 
with its corallum, arises wholly outside the cavity of the 
j»aront zooid, and the com[»onent jjarts of the young 
corallum, septa, thexa, columella, tt’c., are formed anew 
in every individual jiroduced. In division a vertical con- 
striction diviiles a zooid into two equal or unequal parts, 
and the seveial parts of the two corals thus produced are 
Sfiverally derived from the corre8i)onding luirts of the divid- 
ing corallum. In colonial corals a hud is always formed from 
the (Mlge-zorie, and this hud develops into a new zooid with 
its coT.ilIuiii. The cavity of the bud in an ai)oro8e coral 
(Fig 1 A, C) does not communicate directly with that of 
the ])areut form, hut through the modiuiu of the edge-zone. 


1 



Flo J7 — Tran‘<VflrHe Uironpli a *ool«l of Cladomia Tim coralltiin 

bliiuh'd with liotH, Urn iimMOfihni iiy a tiiu k Him. Tliirty-lvvo 

am iimHCiit, hIx id tlic mitunvloH of tlm pt iiiiai y <*v( h* of inegciiitmmK, 1 , 
aix ill tin* OMtoc(uh-H of tlm Ni><'on<Jitry ejoh* of ineimntf ties, 11 , f tii in the 
iMitiuu'h'H of the tmtiary orle ol iiieHoutenes, HI, onl> lour jmiiH of the 
hilter h«in>< «h‘\elop«Ml , nii(i Hi\tei*n in tlmeiitoeo loh brleimn tlm timsenteiiul 
]MiiH U, n, (ilrertno iimMentermH ; if, Nioinodu'tim (Alter lUienlen ) 

As growth ]M*oceed.s, and parent and hud become separated 
fuilliei from one anotlier, tlie edge-zotu* foimsu sheet of soft 
tissue, hritlging over the sjiaee between tlu' two, and rest- 
ing upon jirojectiiig spines of the corallum. This sheet of 
ti.ssue is called the ewnastur. Its lower surface is clothed 
wilh it layer of cttlicoblasts which continue to secrete cai- 
bonaU* of lime, giving rise to a secomlaiy dt'jiosit which 
or less fills up the s[»aces between the individual coralla, 
an<l is distinguished as cwn^ndiyuije. This ca'iienchyme 
|nay 1 m‘ scanty, or liny be so abundant that the individual 
roi all lies produced by budding seem to be immersed in it. 
Budding takes place in au analogous manner lu iierfoiatc 
corals (Fig. 18, H), Imt the presence of the canal system in 
the ])erfoiato theca leads to a modification of the process. 
Buds arise from the edge-zone whicli already communicate 
with tlie cavity of the zooid by the canals. As the buds 
develo]> the canal system becomes iimeb extended, and 
calcarcM)us tissue is deposited between the network of 
canals, the coiiHuent edge-zones of mother zooid and bud 
forming a ccenosarc. As the process eoutiiiues a number 
of caJicles arc formed, imbiHldud in a spongy tissue in which 
the ctinals ramify, and it is mqx'issible to say where the 
theca of one coral hte ends and that of another begins. In 
the formation of colonies by division a constriction at 
right angles to tlie long axis of the mouth involves first 
the mouth, then the jieristome, and finally the calyx itself, 
so that the previously single corallite becomes divided into 
two (Fig. 18, K). After division the corallites continue to 
grow upwards, and their zooids may remain united by a 
bridge of soft tissue or cocnosarc. But in some cases as they 
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grow farther apart, this continuity is broken, each corallite 
has its own edge-zone, and internal continuity is also broken 
by the formation of dissepiments within each calicle, all 
organic connexion between the two zooids being eventu- 
ally lost. Massive meandrine corals are produced by 
continual repetition of a process of incomplete division, 
involving the mouth and to some extent the i^eristome : 
the calyx, however, does not divide, but elongates to 
form a characteristic meandrine channel containing several 
zooid mouths. 

Corals have been divided into Aporotsa and Perforata^ 
according as the theca and septa are compact and solid, or 



Frn. IS.— A, Sdirnmttr loiif^itudlnal Rcctfon throu(;h a xooicl and Imd of 
Stylophorn diyitntn In A, B, and (3 Ilia thick black linea represent the* soft 
tiHHiK'H , the corallutu Im dotted «, atoinoilMnnn ; r, r, coenosarc , col, colu- 
mella ; 1\ tabula*. B, Hindlar Bocttoii through a Huigle zooid and hud of 
AntrouHeif tnlirulnris. C, Nhnilar aection through tlireo corallites of Lnphn- 
hrlia prohferii cs, edge •zone. I>, Biagmin illuHtrating the procesH of 
Vuiddirig hy unequal divlBlon M, Section through a dividing oalich* of 
JI/anKf/, Hhowing the iiniun of two septa in the plane ot divlKion, and 
the origin of new at right auglen to them. (C, original , tlie 

roiit after vou Koch.) 

are perforated by jiores containing canals lined by endo- 
derm. The division is in many res])ects convenient for 
descriptive purposi‘s, but recent researches show^ that it 
does not accurately represemt the relationships of the 
different families. Various attempts have been made to 
classify corals according to the ariangcment of the se})ta, 
the characters of the theca, the microscopic structure of the 
corallum, and the anatomy of the soft parts. The last- 
named method has jiroved little more than that there is 
a remarkable similarity between the zooids of all recent 
corals, the differences w’hich have been brought to light 
being for the most ])art secondary and valueless for clussi- 
ficatory purposes. On the other hand, the study of the 
anatomy and develoj>ment of the zooids has thrown much 
light upon the manner in which the corallum is formed, 
and it is now possible to infer the structure of the soft 
jiarts from a microscopical examination of the septa, theca, 
with the result that unexpected relationships have 
been shown to exist Ixitween corals previously sujqioscd to 
stand far ajiart This has been particularly the case with 
the grouj) of Palaeozoic corals formerly classed together as 
liuyosa. In many of these so-called rugose forms the septa 
have a characteristic arrangement, differing from that of 
recent corals chiefly in the fact that they show a tetrameral 
instead of a hoxameral symmetry. Thus in the family 
Stauf'idee there are four chief septa whose inner ends unite 
in the middle of the calicle to form a false columella, and 
in the Zaphrentidm there are many instances of au arrange- 
ment, such as that depicted in Fig. 19, which represents the 
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soptaJ arrangement of Streptelasma comiculum from the 
lower Silurian. In this coral the caliclo is divided into 
quadrants by four principal septa, the main s^tum, counter 
septum^ and two alar eepta. The remaining septa are so 
disposed that in tho qu^rants abutting on the chief sep- 
tum they converge towards that septum, whilst in the 
other quadrants they converge towards tho alar septa. 
The secondary septa show a regular gradation in size, 
and, assuming that the smallest were the most recently 
formed, it will be noticed that in the chief quadrants the 
youngest septa lie nearest to the main septum ; in the other 
(juadrants the youngest septa lie nearest to the alar septa. 
Tliis arrangement, however, is by no means characteristic 

even of tho Za]>h- 
rentidae, and in tho 
family CyailvophyU 
lulm most of tho 
genera exhibit a 
radial symmetry in 
winch no trace of 
the bilateral 
arrangement de- 
scribed above is 
recognizable, and 
indeed in the genus 
C y athophyllum 
itself a radial 
arrangement is the 
rule. The con- 

Fi«. 10 •'-DlaftrAiii of the at raiigoinent of the eepta ncxion between the 
111 H Zaphrutitid corni m, main Moptuiii ; r, 4,1. „i i ; j.,, 

luiuiter septum ; alar septa. CyatllOphy llidtO 

and modern As- 

tiveidai is shown by Moseleya latutellata^ a living reef- 
huilding coral from Torres Strait, The general structure 
ot th.s coral leaves no doubt that it is closely allied to the 
Astneidse, but in the young calicles a tetrameral symmetry 
IS indicated by the jiresence of four large septa placed at 
riglit angles to one another. Again, in the family Amphiae- 
ircpkim there is commonly a single septum much larger than 
the rest, and it has l>een shown that in the young calicles, 
<*.(/., of TJwcMiosmilia, two septa, corresponding to the maiu- 
and counter-septa, of Streptelasma, are first formed, then 
two alar septa, and aftfjrwards the remaining septa, the 
latter taking on a generally radial arrangement, though 
the original bilaterality is marked by the preponderance of 
tlie main septum. As the microscopic character of the 
corallum of these extinct forms agrees with that of recent 
corals, it may be assumed that the anatomy of the soft 
parts also was similar, and the tetmmeral arrangement, 
wOien present, may obviously bo referred to a stage when 
only the first two i)airs of Edwardsian mesenteries were 
jiresent and septa were formed in the intervals between 
them. 



Space forbids a discussion of the proposals to classify 
corals after the minute structure of their coralla, but it 
will suffice to say that it has been shown that the septa of 
all corals are built up of a number of curved bars called 
trabecula?, each of which is composed of a number of 
nodes. In many secondary corals {CycloliteSf Tliamur 
axtreea) the trabecula? are so far separate tluit the individual 
bars are easily recognizable, and each looks something 
like a bamboo owing to tho thickening of the two ends 
ol each node. The trabeculae are united together by 
these thickened internodes, and the result is a fenestrated 
septum, which in older septa may become solid and aporose 
by continual deposit of calcite in the fenestra?. Each node 
of a trabecula may be simple — t,e.^ havq only one centre 
of calcification, or may be compound. The septa of modern 
])©rforate corals are shown to have a structure nearly 
identical with that of the secondary forms, but the trabe- 


culas and their nodes are only apparent on microscopical 
examination. The aporose corals, too, have a practically 
identical structure, their compactness being due to tho 
union of the trabecula? throughout their entire lciiglh.s 
instead of at intervals, as in the Perforata. Euither, the 
trabeculas may be evenly s^iaced throughout the septum, 
or may be groui?ed together, and this feature is probably 
of value in estimating the affinities of corals. 

In the present state of our knowledge the Zoantliaria, in 
which a primary cycle of six couples of mesentiTies is (or 
may be inferred to be) completed by the addition of two 
pairs to the eight Edwardsian mesenteries, and succeeding 
cycles are formed in the exocu?lc8 of the pre-existing 
mesenterial cycles, may be classed in an order Actiniioka, 
and this may ho divided into the sub-orders Malacaciinia'f 
comprising the 8oft4>odied Actinians, such as Actinia^ 
Sayartm^ Bunodes^ «kc., and the Scleractinicc, comprising 
the corals. The Scleractinia? may l)e8t be divided into 
groups of families which ap^iear to lx? most closely relatt^d 
to one another, but it should not be forgotten that there 
is great reason to believe that many if not most of tho 
extinct corals must have differed from modern Actiniidea 
in mesenterial characters, and may liave only possessed 
Edwardsian mesenteries, or even have possessed only four 
mesenteries, in this resi>cct showing close affinities to the 
Stauromedusa?. Moreover, there are some modern corals 
in which the secondary cycle of mesenteries departs from 
the Actiuian plan. For example, Duerden has shown that 
in Porites the ordinary zooids possess only six couples of 
mesenteries arranged on the Actinian plan. But some 
zooids grow to a larger size and develop a number of 
additional mesenteries, which arise cither in the sulcar or 
the sulcular entocoele, much in the same manner as in 
Ccrianthus. Bearing this in mind, the following arrange- 
ment may be taken to represent the most recent knowledge 
of coral structure ; — 
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Family 1. Zaphrentidas. — Solitary Paln?ozoic corals with an 
epitliocal wall. Septa numerous, arranged piiiiiatrly with 
regard to four principal 8e)>ta. Tabiiln* present. Olio or 
more pits or fossuln? }>rcseiit in the caln le. Typn*al genera 
— ZaphrerUis^ Ilaf. Amplervs^ M. Edw. and U. Strep- 
telasma^ Hall. Omphymay Raf. 

Family 2. Turhinolid^. — S olitary, rarely eolonial corals, with 
ladially arranged septa and without tabuhe. 'J'ypical genera 
— Flabelluviy Lesson. Turhiiwliay M. Edw. and 11. 
Caryophylluiy Lamarek. Sph/inotrochusy Moseley, &e. 
Family 3. Ampuiastuacidac. —Mainly colonial, laiely solitary 
corals, with radial septa, but bilateral arrangement indicated 
by ]:>ersii|tence of a mam sej>tum. Ty}»ical genera— Ampki- 
mtrcea, Etallon. Thecuitosmiha, 

Family 4. Stylinida.— Colonial corals allied to the Amnhi- 
asirteidse, but with radially symmetrical sej>ta arranged in 
cycles. Typical genera— iiYy/ina, Lamarck (Jurassic). Con- 
vexastrcBci, D’Orb. (Jurassic). Imslnvay M. Edw. and H. 
(Jurassic). Ogilvio refciw tlie modern genus Galaxea to 
this family. 
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Family 5. Oculinihac.— Branching or massive aporose corals, 
the calicos projecting above tho level of a compact coenen- 
chyme formed from tho cmnosarc w'liich covers tJio exterior 
of the corallum. Typical genera — LopJwhcliay M. Edw. and 
H. Oculinay M. Edw. and H. 

Family 6. Pocilloporidas. — Colonial branching ajwrose corals, 
with small calices sunk in the eoenenchyme. Tabula* jire- 
sent, and two larger septa, an axial and abaxial, aie always 
present, with tracer* of ten smaller septa. Typical genera — 
Pocilloporay Ijamarek. Seriatopin'Oy Lamarck. 

Family 7. Madbepori has. —C olonial branching or fjalmate 
perforate corals, witli abundant tiabeculai ca?iienehyme. 
Iheoa |)orou8; septa comjiact and reduced in number. 
Typical genera — MadreporUy Lmu. Turbinaria, Okcii. 
Jaontiporay Quoy and G. 

Family 8. Poritidac. — I ncrustin^ or massive colonial per- 
forate corals; ealicea usually m contact by their edges, 
sometimes dif^junct and immersed in coBiienchynic.^ Theca 
and septa perforate. Typical genera— M. Edw. and 
H. voniopora, Quoy and G. Bhodarmay M. Edw. and 11. 
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^Family 9. Cyathophtmjdjr.— S olitary and colonial aporofws 
corala. TalniLe an<l vosuailar eudotheca present. Septa 
nUTneroiiR, g«»iierally radial, seldom pinnate. Tj'incal 
giiiicra— (loldfuss (Devonian and Carboni- 
Icrous). Moseleyttf Qnelch (iveent). 

Family 10. AHTKi«iUvK — Apoiose, mainly colonial corals, 
massive, braindiing, or nueandroid. St'pta radial ; dissepi- 
^ inonts ])n‘seiH ; an f?pitheoa surrounds the base of massive 
or imeandroid forms, but only siiri’ouiids individual coral- 
litcH in simple or braneliing foims. Typical geiiem — Ooni- 
nstrcDfi^ M. Edw. and H. IhlimtraAi^ M. Eda. and H. 

Lam. CivlorUi^ M. Edw. and II. Favia^ Okeii. 

Family 11 Fi'nc.idje -Solifaiy and colonial corals, with 
numerous radial supta united by syuajitieulte. Tvpieal 
gemera —Lophmeris, M. Edw. and H. Le 

Hauv.age. LeplophffllLa, licmss (Jurassic and Cietaceous). 
Fungiaf Dana. iSulfraBtraeay Illainv. 


f Family 12. Ei'r.sAMMTi)iic. — Solitary or colonial iierforato 
eoials, br.iucluiig, massive, or eiicnisting S» ptamli.il ; the 
I inimary septa usually comiwiet, the lemaindei js'iforate 
Thera p«*riorate. Synajitiruhi preHcnt in some geneia. 
Tyjneal geiiera Alioln-Iin. Fupmnnmtt^ 
A1. Edw. and II. AntroulfM, Hlainv. Jlhdopmninnay M. 
. Edw. and II. IhivdrophylUay M. Edw. and 11. 
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I'amily Uh CYSTTi'iiyLLiDJE -Solitary corals with rudimentary 
septa, and the calicle tilled with \<‘siculai endothec'u. lieiiora 
— Cjfstiphulfwniy Lonsdale (Silurian and Devoniaiij. Gumo- 
jdiylluniy M. Edw'. and II. (In this Silurian genus the 
calyv is jiiovich^rl with a iiiovahle ojierrnliim, consisting of 
four paired triangular pieces, the bases ot each being attachcsl 
to tlie hides ot tlic calyx, and their apices meeting in the 
middle whcMi the ojierriiluni is closed) Ctthraht, Ijutu (In 
tins Devonian genus there is a single srmiciiv ular ojiereulum 
turnished with a stout median septum and nunierous feebly 
d(‘VcilojMMl secondary septa The calvx is tnangulai in see- 
liou, jiointnd below, and the ojierculiini is attached to it by 
liinge-lilvc teeth.) 


Com I fitrm/t t i on s. 

Many .spiscics of corals aro widely rli.stri luted, and are 
found at all dcptlis Loth in wanner and colder 8eas. 
Lojtho/irim jo'olijcta and Ikmit'o/thpUni •tanuu form 
dense* Lods at a depth of from IdO to 200 fathoms off 
tlio <*oasth of Morway, S<*ot.laud, and Portuga], and the 
Vhalhoiijer and otlitu' due[Ksoa dn*dgiiig exjK'ditions have 
Lroiight up conils trorii groat depths in the Pacilic and 
Atlantic oci*ans. JJnt tlio larger uuniliei of s])i*cies, ]iar- 
tiCiiUily till’ more massive Iviiids, oceiii only iii tropical 
8eas in shallow watiTs, wliose mi’an tem]»eratur(* does not 
fall Lelow filS' Fall!*., and they do not flourish unless the 
tenijMTaturo is considerably higher. Tln*so eoiiditions of 
t iuperaturo are found in a belt of oeean winch may 
rouglily bo indicated as lying between the 2Sth N. and 
]»aralh*ls. Within these limits there aro numerous 
reofs and islands formed of coral intermixed with the cal- 
careous skeh‘toiiR of other animals, and tlieir formation 
lias long been a matter of disjaito among natiuulists and 
g ‘ologists. 

(Viral formations may l>e clissed as fringing or shore 
reefs, barrier ri'efs, and atolls. Fnntjing rtrfs are plat- 
forms of coral rock extemding no great distance Iroiu the 
slmres of a continent or island. Tiie seaward edge of the 
jilatform is usually .somewhat higher than the inner part, 
and is often axvash at low’ water. It is intersi'ctcd by 
numerous creeks and cliaiinels, esjiecialJy ojipositc* those 
j daces whiTe streams of fresh w'ator flow dowm from the 
land, and thm’e is usually a channel dec*]) enough to bo 
navigable by small boats Letw’een the edge of the reef and 
tluj land. The outer wall of the reef is rather steep, but 
descends into a comparatively shallow sea. 8inco corals 
are killed by fresli water or by deposition of mud or sand, 
it is obvious that the outer edge of the reef is the region 
of most activi* coral growth, and the boat channel and the 
jiassages leading into it from the open sea have been 
formed by the suppression of coral growth by one of the 
above-mentioned causes, assisted by the scour of the tides 


and the solvent action of sea-water. Barrier reefi may 
be regarded as fringing reefs on a large scale. The great 
Australian barrier reef extends for no Jess a distance than 
1*250 miles from Torres Sti*ait in 9*5^ S. lat. to Lady 
Elliot island in 24” S. lat. The outer edge of a barrier 
reef is much farther from the shore than that of a fringing 
reef, and the channel botw’eeu it and the land is much 
deeper. Opposite Caiie York the seaward edge of the 
greiit Australian barrier reef is nearly 90 miles distant , 
fiom the coast, and the maximum depth of the channel 
at this point is nearly 20 fathoms. As is the case in a 
fringing reef, the outer edge of a barrier reef is in many 
})laces awash at low tides, and masses of dead coral and 
sand may be piled up on it by the action of the waves, 
so that islets aro formed which in time are covered with 
vegetation. Tliese islets may coalesce and form a strij) of 
diy land lying some hundred yards or less from the 
extreme outer edge of tlie reef, and separated by a wide 
channel from the mainland. Whore the barrier reef is 
not far from the land there are alw’ays gaps in it opposite 
the mouths of rivers or considerable streams. The outer 
wall of a barrier reef is stoop, and frequently, though not 
alwaj^s, descends abruptly into great depths. In many 
cases in the Pacific Ocean a barrier reef surrounds one or 
more island iieaks, and the strip of land on the edge of 
the reef may encircle the ]>eaks with a nearly comjileto 
ring. An atoll is a ring-sha])ed reef, either awash at low 
tidt5 or surmounted by several islets, or more rarely by a 
complete stri]) of dry land surrounding a central lagoon. 
The outer wall of an atoll generally descends wdth a very 
stwp but irregular slope to a dej>th of 500 fathoms or 
more, but the lagoon is seldom more than 20 fathoms 
deep, and may be much less. Frequently, csjiecially to 
the leew^ard side of an atoll, there may bo one or more 
iiav’igablo passages leading from the lagoon to tlie ojien 
sea. 

Though corals flourish everywhere under suitable con- 
ditions HI tioi>ical seas, coral ri*efs and atolls are by no 
means universiil in the torrid zone. The Atlantic Ocean 
IS remarkably free from coral formations, though there are 
numerous ri»efs in the West Iiuliaii islands, off the south 
coast of Florida, and on tlie coast of Brazil. The Bermudas 
also are coral formations, their high land being formed 
l»y sand accumulated by tlio wuiid and cemented into rock, 
and are remarliable for being the farthest removed from 
tlio equator of any recent reefs, being situated iu 32” N. 
Jat. In tlio l*iciflc Ocean then* is a vast area thickly 
dotted with coral formations, extending from 5” N. lat. 
to 25" S. lat., and fiom 130” E. Jong, to 145“ W. long. 
There are also extensive reefs in the westernmost islands 
of the Hawaiian group in about 25” N. lat. In the 
Indian Ocean, tlxe Lai'cadive and Maidive islands are 
large groups of atolls oil the w’est and south-west of 
India. {Still farther south is tlie Ciiagos group of atolls, 
and there are numerous reefs oIF the north coast of 
Madagascar, at Mauritius, Bourbon, and the Seychelles 
The C(>cos-Keeliiig Islands, in 12“ S. lat. and 96“ E., 
long., are typical atolls in the eastern part of the Indian 
Ocean. 

The remarkable characters of barrier reefs and atolls, 
their isolated position in the midst of the great oceans, 
the si^emingly unfathomable depths from which they rise, 
their ixsaceful and shallow lagoons and inner channels, 
their narrow strips of land covered with cocoa-nut jialius 
and oUier vegetation, and rising but a few feet above the 
level of tlie ocean, naturally attracted the attention of the 
earlier navigators, who formed sundry sjieculatious as to 
their origin. The poet-naturalist Cliamisso was the first 
to propound a definite theory of the origin of atolls and 
encircling reefs, attributing their peculiar features to the 
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njktural growth of corals and the action of the waves. Ho 
pointed out that the larger and more massive s|>ccies of 
corals flourish best on the outer sides of a reef, whilst the 
more interior corals are killed or stunted in gi-owth by the 
accumulation of coral and other <!ebris. Thus the outer 
edge of a submerged reef is the first to reach the surface, 
and a ring of land being formed by materials piled up by 
the waves, an atoll with a centml lagoon is produced. 

. Cliamisao^s theory necessarily assumed the existence of a 
groat number of submerged banks reaching nearly, but 
not quite, to the surface of the sea in the Pacific and 
Indian oceans, and the difficulty of accounting for the 
existence of so many of these led Darwin to rt»joct his 
views and bring forward an explanation wliich may be 
called the theory of mihsidevjce. Starting from the wt*ll- 
known premiss that reef-building s[)ecies of corals do not 
flourish in a grea.ter depth of water than 20 fathoms, 
Darwin argued that all coral islands must have a rocky 
base, and that it was inconceivable that, in such large 
tracts of sea as occur in the Pacific and Indian oceans, 
there should be a vast number of submarine jieaks or 
banks all rising to within 20 or 30 fathoms of the surface 
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1 lu 20 — Dugiaiii Ml twing llw formation o' in atoll «UnmK subsidem***. 
(After Darwin.) Tlio Iowit jiart of the fij^uro lopnmciita a bunler re» f 
huiiouudinjj; a central peak. A, A, Outer ol tlio Uirner nu’f at tbo 

M>ule\el, the trees in« I u site di> I'lnd forniml »»n the od<i;i h of the 

reef, I., L, 1a{*oon cliantnd , A , A', outer ed/es ol Uie atoll funned by up- 
litiMwtIi uf the coral during; the KUbsKhMic«> ol tln« ps'ak , 1/, la{.;oon of the 
iitoll. The vertical scale is cotis>iderably evii^gcruted as louipared with the 
liisrizuxitul settle. 

mid none emerging above it. But on the supposition that 
liic atolls and encircling reefs were foimed round land 
which was undergoing a slow' movement of subsidence, 
tlieir structure could easily bi ex[i1aine(l. Take the c«tso 
of an island consisting of a single high peak. At lirst 
tlui coral growth wouM form a fringing reef clinging to 
it.s sliores. As the island slowly sub.sided into the ocean 
the upward growth of coral would keep the outer rim of 
the reef level with or within a few’ fathoms of tlie surface, 
so that, as subsidence ju'oceede.d, the ilistance between tluj 
outer rim of the reef and the sinking land would continu- 
ally increase, with the result that a barrier-reef would Ihj 
formed separated by a wide channel from the central i>eak. 
As corals and other oi’gaiiisms with c.ilcar('OUs skeletons 
live in the channel, their remains, as well as the accumu- 
lation of coral and other debris throwui over the outer 
I'dge of the reef, would maintain the channel at a shallower 
d.‘}»th than that of the ocean outside. Finally, if the 
Kubsideuce continued, the central peak would disap|)ear 
b meath the surfiwe, and an atoll would be left consisting 
of a raised margin of reef surrounding a c ntral lagoon, 
and any jiause during the movement of subsidence W'ould 
result in the formation of raised islets or a strip of dry 
l.ind along the margin of the reef. Darwun’s theory was 
]>ublished in 1842, and found almost universal acc'ptance, 
both because of its ainqdicity and its applicability to 
every known tyj)e of coral-reef formation, including such 
difficult cases as the Great Chagos Bank, a huge submerged 
atoll in the Indian Ocean. 

Darwin's theory was adopted and strengthened by Dana, 
\/ho had made extensive observations among the Pacific 
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coral reefs between 1838 and 1842, but it w'as not long 
before it was attacked by other obsowirs. In 1S51 
Louis Agassiz produc^id evidence to sliow that the reefs 
off the south coast of Florida were not fonib'd during 
subsidence, and in 1H63 Karl Semper showed that in the 
I’elew islands there is abundant evidenee of ncent 
upheaval in a region whore both atolls and barriern-efs 
exist. Latterly, many instanc s of recimtly upraist'd coral 
formations havi? Wivii described by Whaiton, floppy, 
Gardiner, and otheis, and Alexandei Agassiz and Munay 
have brought forward a mass of evidence tending to sliake 
the subsidence theory to its foundations. Murray has 
]>ointi‘d out that the deep-sea soundings of the 7'tntctmyra 
and ChiUeiifjer have pi*oved the existence of a large 
niimlKir of submarine elevations rising out of a dejxth of 
2000 fathoms or more to witliin a few' hundred fiithoms 
of the surface. The existence of sindi banks was unknown 
to Darwin, and removes his objections to Chaniisso’s 
theory. For although they may at first la* too far below 
the suiface for reef-building corals, thi*y airoul a habitat 
for numerous echinodeims, molluscs, crustac(*a, and deep- 
sea corals, whose skeletons accumulate on tludi summits, 
and they further loceive a constant lain of the calcareous 
and silicious skeletons of minute organisms which t€M»ni 
in the waters aliove. By these agencies the banks are 
gradually laistjd to the lowest depth at which reef-hiiilding 
corals can flourish, and once these* estabhsli themselves 
they will grow' more rapidly on the perij»lieiy of the bank, 
bec.iuse they are more favourably situated as regaids 
food -supply. Thus the reef will rise to the sin face as an 
atoll, and the nearer it ai»proaches the suifaee the nioie 
w'ill the corals on the exterior faces be favoured, and the 
more W’ill those in the centre c)f tin* reef <leeri*ase, foi 
evperimeiit has showm tliat the minute jK*lagic oiganistns 
on which corals feed arc far less abundant in a lagoon 
tlian in the sea outside. K\eiituall}, as the margin of tlie 
leef rises to the suiface and material is accumulated uj»on 
it to form islets or continuous land, the coral growth in 
the lagoon wdll be fei'bie, and the solvent action of Sf^a- 
water and the scour of the tide will tend to dee]»en the 
lagoon. Thus the considerable de])th (»f some lagoons, 
amounting to 40 or 50 fathoms, may be accounted foi 
The observations of Clu[>py in the Solomon Islands have 
gono far tf> confirm Munay’s coneluMoiis, since he found 
in tlie islands of Ugi, S.i.nta Anna, and I'i(»asuTy and 
Stirling islands uiimi.stakable e\ideiic(‘^ of a nue'eus of 
volcanic iO(*k, covered w'lth soft eaitliy bedded deposits 
.several hundred f(*et thick These dejxosits are highly 
fossil iferous in parts, and contain the remains of pterojiods, 
lamellibranchs, and echinoderm.s, imlxsldcd in a foramiiii- 
ferous del >osit mixed with volcanic debus, like the dec])- 
sea muds brought up b> flic VhMlifmjer. The flanks of 
these elevated beds are covensl with coialliiie limeRtonc 
locks vaiying from 100 to Id feet in thickness. One of 
the islaiid.s, Santa Anna, has the form of an upiaised atoll, 
with a mass of coral limestone 80 feet in \ertical thickness, 
resting on a friable and sjaringly argil lacoou.s rock rt*sem- 
bling a doe])-sea dejiosil. A. Agassi/., in a number of 
important le.seaiclies on the Floiida leet^, tlie Btili.iina.s, 
the Bermudas, the Fiji Islands, and the Great Barrier- 
reef of Austialia, has fuiUicr show'ii that many of the 
j»eculiar features of these coral formations cannot bi- 
explained ou tli(i theory of subsidence, but aie ratlici 
attributable to the natural giowih of coials on banks 
formed by j>revailing currents, or on e\tensi\e shore j)lat- 
foriiis or submarine flats fonneil by the eiosiou of 
existing land bui faces. 

In face of this accumulated evidence, it must be admitted 
that the subsidence theory of Darwin is inaj»]>licabl (5 to a 
largo number of coral I'eefs and islands, but it is hardly 
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possible to assert, as Murray does, that no atolls or 
barrier-rcofs liave ever been develojxid after the manner 
indicated by Darwin. The most recent research on the 
structure of coral reefs has also been the most thorough 
and the most convincing. It is obvious that, if Murray’s 
tJioory were correct, a bore hole sunk deep into an atoll 
would i)a8H through some 100 feet of coral rock, then 
through a greater or less thickness of argillaceous rock, 
and finally would ] penetrate the volcjanic rock on which 
the other materials were deposited. If Darwin’s thcoiy 
is correct, the boring would pass through a great thickness 
of coral rock, and finally, if it went deep enough, would 
j>ass into the original rock which subsided below the waters. 
An exjicdition sent out by the Royal Society of London started 
in 18% for the island of Funafuti, a typical atoll of the 
Jilllicc gi oup in the Pacific Ocean, with the jmrjiose of making 
a deej) boring to tost this (question. The first attenijit was 
not successful, for at a depth of 105 feet the refractory 
nature of the rock stopinsd further jirogress. But a second 
attern|)t, under the management of Prof. Edgeworth David 
of Sydney, jirovod a complete success. With improved 
apparatus, the boring was carried down to a depth of 
097 feet (IIG fathoms), and a third attemiit carried it 
down to 1114 feet (185 fathoms). TJie boring jiroves 
the existence of a mass of pure limestone of organic origin 
to the de]>th of 1114 feet, and there is no trace of any 
other rock. The organic remains found in the core 
brought uji by the drill consist of corals, foraminifera, 
calcareous algie, and other organisms. The results of the 
examination of the core had not been published at the 
time this article was written, but, by the courtesy of Pro- 
fi*S8or Judd, thb writer has been able to examine the core 
and satisfy himself as to the tnith of the above statements, 
A boring was also made from the deck of a ship into the 
floor of th(‘ lagoon, which shows tliat under 100 feet of 
water there exists at the bottom of the lagoon a dcjiosit 
more than 100 feet thick, consisting of the remains of a 
calcareous alga, Halimeda opuntia^ mixed with abundant 
foraminifera. At greater dejiths, down to 215 feet, the 
same materials, mixed with the remains of branching 
madre])ores, wore mi^t with, and further progress was 
stopped by the existence of solid masses of coral, 
fragments of jiorites, madrepora, and heho})ora having 
lieon brought up in the core. These are shallow- water 
corals, and their existence at a depth of nearly 4(5 fathoms 
buried lieneath a mass of halimeda and foraminifera, is clear 
evidence of recent subsidence. Halimeda growls abundantly 
over the floor of the lagoon of Funafuti, and has been 
observed in many other lagoons. The writer collected a 
cpiaritity of it in the lagoon of Diego (larcia in the Chagos 
group. The boring demonstrates that the lagoon of 
Funafuti has been filled up to an extent of at least 
245 feet (nearly 41 fathoms), and this fact accords well 
witli Darwin’s theory, but is incompatible with that of 
Murray. In the prt‘sent state of our knowledge it seems 
reasonable to conclude* that coral reefs are formed wherever 
the conditions suitabie for growth exist, whether in areas 


of subsidence, elevation, or rest. A considerable number 
of reefs, at all events, have not been formed in areas of 
subsidence, and of these the Florida reefs, the Bermudas, 
the Solomon islands, and possibly the great barrier-reef of 
Australia are examples. Funafuti would appear to have 
been formed in an area of subsidence, and it is quite 
])robable that the large groups of low-lying islands in the 
Pacific and Indian oceans have been formed under the 
same conditions. At the same time, it must be remem- , 
bored that the atoll or barrier-reef sha^ie is not necessarily 
evidence of formation during subsidence, for the obser- 
vations of Semi>er, A. Agassiz, and Gupjiy are sufficient 
to prove tliat these forms of reefs may be produced by the 
natural growrth of coral, modified by the action of waves 
and currents in regions in which subsidence has certainly 
not taken place. 
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AnthraiXa Sec Experiments on Animals. 

Anthropoloflry- — 'I'ke following additional ob- 
servations, supidomenting the article Anthropology in 
Ency. Brit., 9th od., vol, ii., arc placed under headings 
corresponding to those previously ado]Ued. 

Place in Xature , — In the original article use 
is made of the exposition of the theory of human de- 
velopment, as viewed on its physical side, by Professor 


Huxley (see his Man's Place in Nature, 1863; reprinted 
in Collected Essays, vol. vii.). Huxley’s argument has, 
on the whole, stood its ground, and a reproduction of his 
series of skeletons is given in our Plate (Fig. 2) as 
serving better than a detailed anatomical statement. Its 
significance, in the problem of human descent requires 
some explanation. The acknowledgment of man’s struc- 
tural similarity with the anthropomorphous species nearest 
approaching him was made by Linnssus, who, in his 
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Syitenia Naturm (1736) grouped them together as the 
highest order of Mammalia, to which he gave the name of 
Primates. The Ammiitates' Academicas (vol. vi., Leyden, 
1764), published under the auspices of Linnajus, contains 
a remarkable picture which illustrates a discourse by his 
disciple Hoppius, and is here reproduced in the Plate, 
Fig. 1. Ir this picture, which shows the crudeness of the 
zoological notions current in the 18th centuiy both as to 
• men and apes, there are set in a row four figures : (a) a 
recognizable orang-utan, sitting and holding a staff; (b) 
a chimpanzee, absurdly humanized as to head, liands, and 
feet; (c) a hairy woman, with a tail a foot long; (d) 
another woman, more completely coated with hair. The 
great Swedish naturalist was possibly justified in treating 
the two latter creatures as quasi-human, for they seem to 
be grotesc][ue exaggerations of such tailed and hairy human 
beings as really, though rarely, occur, and are apt to be 
exhibited as monstrosities (see Bastian and Hartmann, Zeit- 
svhnft far Ethnologic^ Index, Geschn-anzte Menschen”; 
Gould and Pile, AnomalieB and CuriodtieB of ^fedicine, 
1897). To Linnaeus, however, they represented normal 
anthropomorpha or man -like creatures, vouched for by 
visitors to remote jiarts of the world. This opinion of the 
Swedish naturalist seems to have been little noticed in 
Great Britain till it was taken up by the learned but 
credulous Scots judge. Lord Monboddo(see his Origin and 
ProgreBB of Language^ 1774, <fec. ; Aniient MetaphyBicB^ 
1778). lie had not heard of the tailed men till he met 
with them in the work of Linnaeus, with whom he entered 
into correspondence, with the result that he enlarged his 
range of mankind with races of sub-human type. One 
was founded on the description by the Swedish sailor 
Niklas Hoping of the ferocious men with long tails 
inhabiting the Nicolmr Islands. Another comprised the 
orang-utans of Sumatra, who were said to take men captive 
and set them to work as slaves. One of these apes, it 
Wiis related, served as a sailor on board a Jamaica ship, 
and used to wait on the ca])tain. These are stories which 
seem to carry their own explanation. When the Nicobar 
Ishinds were taken over by the British Government two 
centuries later, the native warriors were still wearing their 
])eculiar loin-cloth hanging behind in a most tail -like 
manner (E. H. Man, Jourrial Anthropological Jmtitute, 
vol. XV. p. 442). As for the story of the oiang-utan 
cabin boy, this may even be verbally true, it being borne 
in mind that in the Malay languages the term m^ang-utan, 
“ man of the forest,” was originally used for inland forest 
natives and other rude men, rather than for the miyaB 
apes to which it has come to be generally applied by 
Euroi^oans. The speculations as to primitive man con- 
nected with these stories diverted the British public, 
h(jaded by Dr Johnson, who said that Monboddo was “as 
jealous of his tail as a squirrel.” Linnaius’s primarily 
zoological classification of man did not, however, suit the 
])hilosophical opinion of the time, which responded more 
readily to the systems represented by Buffon, and later 
by Cuvier, in which the human mind and soul formed an 
impassable wall of partition lietween him and other mam- 
malia, so that the definition of man's position in the animal 
world was treated as not belonging to zoology, but to 
metaphysics and theology. It has to be borne in mind that 
Linnaeus, plainly as he recognized the likeness of the higher 
simian and the human types, does not seem to have enter- 
tained the thought of accounting for this similarity by 
common descent. It satisfied his mind to consider it as 
belonging to the system of nature, as indeed remained the 
case with a greater anatomist of the following century, 
Richard Owen, The present drawing, which under the 
authority of Linnaeus shows an anthroi)omori)hic series 
from which the normal type of man, the homo Bapiem, is 
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conspicuously absent, brings zoological .similarity into view 
w’ithout suggesting kinship to account for it Tliere are few 
ideas more ingrained in ancient and low civilization thnn 
that of relationship by descent between tlie lower animaN 
and man. Savage and liarlmric religions recognize il, and 
the mythology of the world has hardly a more univeisil 
theme. But in educat'd Euro|)e such ideas had long been 
8U|)erseded by the influence of theology and ])hilosojiliy, 
with which they seemed too incompatible. In tlie 19th 
century, however, Lamarck's theory of tlu' de\el(ipnii nt 
of new species by habit and circninstaiice le<l Ihrongli 
Wallace and Darwin to the doctrine.s of the heredit.ny 
transmission of acquired characters, the survival of the 
fittest, and natural selection. Theneebirward it was 
impossible to exclude a theory of descent of man 
from ancestral beings whom zoological similarity con- 
nects also, though by lines of descent not at all clearly 
defined, with ancestors of the anthroiumiorjiliic apes. 
In 0110 form or another such a theory of liumaii de.S(*ent 
has in our time Ixicome ]iart of an aceej»ted frame 
work of zoology, if not as a demonstrable Inilli, at any 
rate as a working hyjiothesis which has no cllective 
rival. 

The new development from Liiirueus’s zoological scheme 
which has thus ensued appears in Huxley's diagram of .simian 
and human skeletons (Fig. 2, {a) gibVK>ii ; \b) orang , (r) 
chimpanzee ; {d) gorilla ; {e) man). Evidently suggesteil 
by the Linnean picture, this is bi ought up to the modem 
level of zfKilogy, and continued on to man, forming an mtio- 
duction to his zoological history hardly to l»t* Kui[»assec]. 
Some of the main points it illustrates may be In icily stated 
here, the reader being referred for further information to 
Huxley's EsBays, In tracing the osteological characters of 
apes and man through this series, the gent^ral system of 
the skeletons, and the close correspondence in nnmlier uml 
arrangement of vertebra* and ribs, as well as in the tec'th, 
go far towards justifying the opinion of hereditary con- 
nexion. At the same time, the conqiarisoii luings into 
view differences in human structure ada]»t('d to iiuinV 
pre-eminent mode of life, tliough haidly to be accounted 
Its chief causes. It may be seen liow the arrangement of 
limbs suited for going on all-fouis belongs ralhei to the apes 
than to man, and walking on the soles of the feet rather 
to man than the apes. The tw'o modes of ]»rogression 
overlaj) in human life, but the child’s tendency wdicn 
learning is to rest on the soles of tlie feet and the ])alms 
of the hands, unlike the apes, which .snpjioit themselves 
on the sides of the feet and the bent knuckles of the 
bands. With regard to climbing, the long stretch of 
arm and the gras]) with both hands and feet contribute to 
the arboreal life of tlio aj>e.s, contrasting with wdiat seem 
the mere remains of the climbing liabit to lie found even 
among fore.st savages. On the whole, man’s locomotive 
limbs are not so mneli s])eciulized to jiarticular puipose«, 
as generalized into a<laplatioii t^) many ^ids. As to the 
mechanical conditions of the human body, the upright 
posture has alway.s been rt»cognizcd as the chief. To it 
contributes the balance of the skull on the cervical verte- 
brse, while the human form of the pelvis jnovides the 
neeessaiy support to the intestines in the standing attitude. 
The marked curvature of the vertebral column, by breaking 
tlie shock to the neck and head in running and leajiing, 
likewriac favours the erect position. TJic lowest coccygeal 
vertebne of man remain as a rudimentary tail. While it 
is evident that high importance must be attached to the 
adaptation of the human l)ody to tlie life of diversified 
intelligence and occu|)ation he has to lead, this must not 
be treated as though it w'cre the pnncipal element of the 
superiority of man, whose comj)arisoii with all lower 
genera of mammals must be mainly directed to the intel- 
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IjcLual organ, the brain. Conii>ari8oii of the brains of 
vortobrate animals briugH into view the immense dilferenco 
b«5twc(3n the small, smooth brain of a fish or bird and 
the large and convolulod organ in man. In man, brdh 
size ami complexity contribute to the increased area of 
the cortex or outer layer of tiie brain, which within the 
last ftjw ycairs has Ixjcn fully ascertained to be the seat of 
the mysterious jirocesses by which sensation furnishes the 
groundwork of thought. Schafer ( of Plu/uofofjt/, 
vol. ii. ]). GOT) thus dclinea it- “Tiie cerebral cortex is 
tlie seat of the inUdloctual functions, of intelligent sensa- 
tion or consciousness, of ideation, of volition, and of 
memory.” Not to enter iutf) the ditficult di-tails of rom- 
jurison r>f the extent of this thinking layer in the higher 
a;»os and man, it may suffice to compare the absolute 
quiiitity of brain in the gorilla and a\< rage man, which 
lias bei'ii estimated as 1 to 2. So evident is the jire- 
])onderan(o, that it is plainly s'lon in tlie jiresent senes 
of skeletons which have already served so many pur]»oses, 
and where the outside of the brainpan in each gives a 
rough measure of the brain contained within. 

The wide aceoptance of the ])arvviniaii theory, asa]>plied 
to the descent of man, has naturally roused anti<‘ij>ation 
that geological reseaich, which provides evidence of the 
animal life of incalculaldy greater antiquity, would furnish 
fossil remains of some comparatively recent being intcr- 
iiH'diate between the anthro]»omor]diic an 1 tin- anthro]>ic 
types. Tills exjieetatiou has liardly been fiillilled, but of 
late years the notion of a vaiiety of the Jiumaii race, 
geologie4iny ancient, differing from any known in liistorie 
limes, and with chario'tcis ai>]>roa(*lung the simian, has 
been siqiported by further diseoveiic^s To bring this 
it> the reader’s notice, top and sale views of tliiee skulls, as 
jilaced together in (lie Jiuman development senes in the 
Oxford University Museum, an* iej)ios<*n ted in the Tlate, 
lor the par] lose of sliowing the great f^i/e of the orbital 
II Iges, which the reader m.iy coiitiast with liis own by a 
touch with Ins lingers on his forehead The first (Fig. 3) 
is the famous Neanderthal skull I'lom near Dusseldorl, dc- 
Kcribeil liy Scliaafliausmi in Muller’s yl?’c/j/e, 1858; TIu.xley 
in byell, Anitijaliy nf p. 80, and in Mmih Pltice m 

Kiture. The second (Fig. 4) is the skull fiom the cavern 
of Sjiy ill Kelgiuiii (De I’liydt and Loliest, (>nmpf( Jiaufltt, 
(fu r/c Namu}\ 1 880). The loreheads of these 

two skulls Jiave an ajie like form, obvious on conipans<iii 
with the simian skulls of the gorilla and otliei ajies, 
a id vi.sible even in the small -scale figures in the Plate, 
Fig. 2. Among modern trilios of mankind the foieheail 
of the Australian aborigines niakt*s the nearest ajijuoach to 
thi-^ lyp*S was jiointcd out by lliLvlev 'Phis biief 
(lescrijition will serve to sliow the imiiortance of a later 
discovery. At Triiiil, in Java, in an eijuatonal legioii 
where, it aiiywheic, a being intermediate between the 
liigher ajies and man would seem likely to be found, J)r 
Dubois in 181H 1)2 excavated from a bed, considered by 
liim to be of Sivalik formation (Pliocene), a thighbone 
which competent anatomists decide to be human, and a 
remarkably deprcsstnl calvarLi or skull-cuj) (Fig. 5), bearing 
a tit*rtain rcsiMublance in its jirojiortions to the correspoml- 
iiig ]>art of the simian skull. These remains wereieferred 
by their discoverer to an animal intermediate between man 
and ajie, to which he gave the name of Pit/teranfkrnjuts 
er(Cfu.% but the interesting discussions on the subject 
showctl divergence of opinion among leading anatomists. 
At any rate, classing the Trinil skull a.s human, it may 
be described as tending towards the simian tyjie more 
tluin any other knowm (Kug. Dubois, Pit/ieranthropH>8 
rrtrtuSy Batavia, 1894 ; 7'ran.s. of JiopaJ DMin Soc, voL 
\[ 1898; Journal Anthropolo(fwal Institute^ vol. xxv, p. 
210; Nature, vol. li. 1895). 
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Development of Civilization, — In recent years no 
such fundamental alteration has taken place in scientific 
views as to man’s age on the earth, as liad been brought 
about previously by the extension of his antiquity back 
fiom history into geology. It was an immense change in 
current opinion to substitute for a chronology of centuries 
a vague computation of hundreds of thousands of years. 
The new views, however, met with comparatively little 
ojiiiosition, }»artly because the way had been already 
broken by geology assigning to the strata of the earth an 
incalculable anti(|uity, and still more liecause the extension 
of the human jieriod was no merely speculative doctrine, 
but rested on visible fact. It was an object-lesson on the 
largest scale to look across a valley like that of the 
Thames, and to imagine the vast time required for its 
excavation by the waters since the river drift-gravels 
were l(‘ft high on the slojies, containing nidc stone 
implements lying with the bones of the mammoth and 
rhiiioeeros, which jilainly showed man to have Ixwn their 
contemporary. These stone imj dements in the Quaternary 
d lift-gravels, ami other relics of liuiiian art in the cave 
deposits, while furnishing the main pi oof of man’s high 
antiquity, contain also evidence of his then state of 
culture. His drawings on lioiie or tusk found in the 
cax’cs show- no mean artistic power, as a]i])ears by the three 
specimens cojiieil in the I’Lite. That representing two 
deer (Fig. 0) was found so early as 1852 in the bieccia 
of a limestone cave on the Cliarente, and its importance 
recognized in a remarkable letter by Pros]H*r Merinit^e, 
as at once hi.stoiically ancient and geologically modern 
(Coutfrl's (V Anthro2)oliufte et (V Areheolotjie Prehietoriqueii, 
t’o]»enhagen, 1809, p. 128). The other two are the famous 
m.immotli from the cave of La Madelaine, on W’hich the 
woolly mane and huge tusks of Elepluxa are 

boldly diaw'ii (Ihg 7); and the gronji of man and horses 
( Fig. 8). Thei e has btjcn found one other con tern jioraiy por- 
tiait of man, where a huulcr is show-n stalking an aurochs. 

That the men of the Quaternary jieriod knew the savage 
art of jiroducing fire by friction, and loastcd the flesh on 
which they mainly subsisted, is jirovod by the fragments 
of cluircoal found in the cave dcqiosits, wlieio also occur 
bone awls and needles, which indicate the xvearing of 
skin clothing, like that of the moilern Australians and 
Fuegians. Their bone lance-heads and dart-jioinls were 
coiiqiarable to those of northern ami southern savages. 
J ’articular attention has to be given to the stone imiile- 
iiieiits usihI by these earliest known of maukiiid. The 
division of trilies in the stone iniplenient stage into two 
classes, according to their proficiency in this most 
important art, furnishes in some respects the best means 
of determining their rank in geueial culture. In order to 
jmt this argument clearly before the reader, a few selected 
imjilenients are figured in the Plate. The group in Fig. 9 
<-on tains tools and weajious of the Neolithic or New' Slone 
Age, such as are dug up on Eurojiean soil ; they arc evident 
relics of ancient pojmlalions w’ho used them till rejilaced 
by metal. The stone hatchets are symmetrically shajied 
and edged by grinding, while the cutting flakes, scrapers, 
sjiear ami arrow' heads, are of high finish. Direct knowledge 
of the tubes wrho made them is scanty, but im]ilements so 
similar in make and design having been in use in North 
and South America until modern times, it may be assumed 
for purposes of classification that the f^^eolithic peoples of 
the New World weio at a simihir liarbarous level in 
industrial arts, social organization, moral and religious 
ideas. Such comiuirison, though needing caution and 
reserve, at once proved of great value to anthropology. 
When, however, there came to light from the drift-gravds 
and limestone caves of Eurojie the Paleolithic imple- 
ments, of which some tyjies are shown in the group (Fig 
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10), the difficult problem presented itself wbU degree of 
general culture these rude implements l>Glonged to. On 
mere inspection, their nidoness, their unsuitability for 
being hafted, and the absence of shaping and edging by 
the grindstone, mark their inferiority to the Neolithic 
implements. Their immensely greater antiquity was 
proved by their geological position and their association 
with a long extinct fauna, and they were not, like the 
Neoliths, recognizable as corresponding closely to the 
implements used by modern trilHJS. There was at first a 
tendency to consider the Falasoliths as the work of men 
ruder than savages, if, indeed, their makers wore to Iks 
accounted human at all. Since then, however, the ]>roblem 
has passed into a more manageable state. Stone imjde- 
ments, more or less approaching the Enrojiean Palaeolithic 
type, wore found in Africa from Egypt southwards, where 
in such jjarts as Somaliland and Caj»e (>»lojny thej' lie about 
on the ground, as though they had been the rough tools 
and weapons of the rude inhabitants of the land at no very 
distant jieriod. The group in Fig. 11 in the Plate shows 
the usual Somalilaml tyi>ea. These facts hmded to remove 
the mystery from Paheolitliic man, though too little is 
known of the ruder ancient trilK‘8 of Africa to furnish 
a definition of the state of culture which might lja\e 
co-existed with the use of Palaeolithic implements. In* 
formation tf) this purpose, however, can now Iks furnishe<l 
from a more outlying region. Tins is Tasmania, where, 
as in the adjacent continent of Australia, the survival of 
marsu]»ial animals indicates long isolation from the rest of 
the world. Here, till far on into the lOtli century, the 
Englishmen could watch the natives striking off flakes of 
stone, trimming them to convenient shape for grasjiiiig 
th(*m in the hand, and t'dging them by taking off siircessivo 
cbq)s on one face only. TIkj group in Fig. 12 slums 
ordinary Tasmanian lorins, two of them Iw'ing liner 
tools for scraping and grooving. (For further debiils 
reference may be made to 11. Ling Loth, Tke Taammiianfiy 
2nd erl. 1899 ; U. P>rough 8niytb, Abort of Vtdonn^ 
1878, vol. ii. ; Papers and Proceedings of lint/al Socidg 
of Tasmania ; and ])ai>ers by the present writer in Journal 
of the A nthropological Institute^ The Tasnianmiis, when 
they came in contact with the Euro])ean explorers and 
settlers, W'cre not the broken outcasts they afterAvards 
be(‘aine. They were a savage peo])le, ])erliaj)s the lowest 
in culture of Jiuy knowm, but leiuling a mn’inal, sclf- 
sup])orting, and not unbaj»py life, which h.id jaobably 
cbangoil little during untold ages. The accounts, iin- 
j)orfect as they are, which have lieen ])rcberved of their 
arts, beliefs, and habits, thus ]iresent a picture of tlie 
arts, beliefs, and habits of tril)es wdiosc place in the Blone 
Age was a grade lower than that of Paheolithic man of 
tlie Quaternary period. 

The Tasmanian stone inqdements, figured in the Plate, 
show their own use when it is noticed that the rude cbii)- 
j)ing forms a good hand-grip above, ami an effective etlge 
lor chojiping, stiwing, and cutting below. Hut the absence 
of the long -shaped implements, .so characteristic of the 
Ni'oliihic and Palaeolithic series, and serviceable as }>icks, 
liatcliets, and chisels, show’^s remarkable limitation in the 
mind of these savages, who made a broad, hand-grasped kniic 
their tool of all work to cut, sa.w, and chop with. I'heir 
W'oapons were the wooden club or w’addy notched to the 
grasp, and spears of sticks, often crooked but well balanced, 
wdth points sharpened by tool or fire, and sometimes 
jagged. No spear-thrower or bow and arrow w’as known. 
The Tasmanian savages were crafty warriors and kangaroo- 
hunters, and the w^omen climbed the highest trees by 
notching, in quest of opossums. Shell-fish and crabs were 
taken, and seals knocked on the head writh clubs, but 
neither fish-hook nor fishing-net was known, and indeed 
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swimming fish were avoided as food. !Meat and vegetable 
food, such as fein-root, W’as broiled over the lire, Imt 
boiling in a vessel was unknown. Tlu‘ fire was ]>roduced 
by the ordinary savage fire-drill. Ignorant of agiu ultnre, 
with no dw'ollings but rough huts or breakw^iuds of stuks 
and Iwirk, without dogs or other domestic animals, these 
savages, until the coming of civih/ed man, roamed after food 
wfithin their tribal bounds ]jogs and clumsy floats of 
Imrk and grass enabled them to ck^ss water under hu dur- 
able circumstances. They iiad clothing of skins rudely 
stitched together with bark thread, and they w*'ic 
decorated with simple necklaces of kangaroo teeth, shells, 
and Ix'rries. Among llieir sini]»le aits, jdaiting and 
basket-work was one in which tlii'y a]>])roached the cuLlized 
level. The pictoihil ait of the Tasmanians w’as poor and 
childish, quite below that of the JViheolithic men of 
Europe. The Tasmanians sjioke a burly copious agglu- 
tinating Lmgiuge, W'ell maiked as to parts of s]»eech, 
syntax, and inflexion. Numeration was at a low level, 
based on counting tingeis on out* Jiand only, so tliat the 
word for man (jmggana) stood also for the number 5 
The religion of the Tasmanians, when cleared tiom uleas 
a]>]>arently learnt from the white'-, A\tis a sim]ile loim of 
animism leased on the shaihuv (/ea/ M//m) lu-mg the wml or 
spirit. The stiongest belief of the natives was in the ])ow^er 
of the ghosts of the dead, so that they earned the bi iu s of 
relatives to secure tlieiiiselves fiom hann, and they fancied 
the forest swarming w^ith malignant demons. Thi*y ]>laccd 
w^eapons near the grave for the dead friend’s soul to use, 
and drove out disi'ase from the sick with the intnulnig 
gliosi which had caused it. Of greater sjK‘<*ia I s] bits of 
Nature we find something vaguely meutiomMl. The eiiihest 
recorders of the native social libi set dowm siieli ieatuies as 
their ju’cvious experience of rude* ci\ili/ed life had made 
tliom judges of. Tliey notice tlie s(df-denying affection of 
the mothers, and tlie hard tieatment of tlie wives by the 
husbands, polygamy, and the shifting inaniage unions. 
Hut when w^e meet with a casual remark as to the tendency 
of the Tasmanians to take wives from other tribes than 
their own, it seems lik(‘ly that they had some eustoin of 
exogamy which the foreigners did not understand. Meagre 
us is the inforimxtion lu’eser’ved of the arts, thoughts, au-i 
customs of these surMvors from the lower Stone Age, it 
i> of value as furmshiiig even a temporary and tentative 
means of w*Oi’king out the development ol cultun* on a 
basis not of coujecture but of fact (k. B T ) 

Anthropometry is a system of identifying and 
classifying individuals by measurement, invented for 
])oliee purposes abmit 1880 by M. Hertdlon ol the Service 
do la Surete or criminal dcpaitment of the prefecture of 
]»olice ill I^ans, and since adopted m some form by uearly 
every civilized government Tin* system rests u]»oii tw’o 
assumptions, which may Ik* taken to have been piovod. 
Tlie first is tJiat tlu* dimensions ol certam bones and bony 
structures rtun.un ]»raetiailly constant in the individual 
throughout adult ble ; and the second is that such 
dimeiisious vary so much in different persons th.it if 
several bones lx* measured very few* individuals will be 
found to have all the uieasuiemeiits absolutely the same 
Taken togetlier, these facts j)ro\ide the basis lor an exact 
method of identifying at any future time a j>erson who 
has once been inea.sured, and of distinguishing between 
that j)prson and others. Such a method might obviously 
bo useful in any situation in winch it is desirable to 
establish identity or prevent personation, but its most 
imywrtant application is in dealing w’lth crime, and 
es|)ecially with recidivists or old offenders who have 
been previously convicte*d, and who endeavour to escape 
recognition by giving false accounts of themselves, and by 
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every other means in their fK>wcr. In the case of small com- 
munities and local crime (lersonul identification is usud’y 
a simple matter and presents little difficulty to the police, 
who are more or less familiar with all the |)ersons with 
whom they are called upon to deal ; but it becomes 
diflTieult or impossible with persons who travel from place 
to place, as the more important professional criminals do, 
and ill great cities by sheer excess of numbers. Previously 
to the introduction of the Bcrtillon system the means 
relied upon were (1) the memory of warders and police- 
lU'jn, who often liafl to travel to distant jtlaces to view 
prisoners, (l*) pliotogra])hs, (.']) written descriptions, with 
Hjjeeial refertmee to marks or other jieculiarities. These 
tliingn have their uses still, but by themselves they formed 
a very imperfect means of identification. The chief 
defects in jiractict* weie (1) frequent failure to identify, 
(•J) liability to niis-ideiitification — not very common but 
of the greatest importance to the innocent, (3) time, labour, 
and expense involved in searching records and circulating 
descript i(»ns. 

Anthropometry was designed to overcome all these 
defects. The great advantage claimed for it lies in the 
systematie rt'cording on a uniform plan of the distinctive 
featuies of each criminal, and the elassihcation of those 
records on the numerical basis afforded by measurement. 
The i»rincipIeof classification maybe explained as follows : — 
Pive dimensions are taken as a basis, namely (1) length of 
h -ad, (2) breadth of head, (3) length of left middle finger, 
( I ) length of left foot, (5) length of left forearm. These 
were chosen by M. Bcrtillon chiefly on the ground that 
th“y are the most constant in the individual and the 
(‘asiest to take accuratel y ; but tliey may be varied with- 
out alleeting the prineijile. Each of these is then divided 
into three classes . — (1) long, (2) medium, (3) short. Thus 
h Mds upwards of 191 millimetres in length are classed 
“long,” those of 185 to 190 millimetres are “medium,'' 
and those of less than 185 are “short.” Similarly with 
the breadth of head, length of middle finger, and so on. 
This division of the five dhueusions into three classes 
each givt‘s .'P* or 213 eLissea, which are assumed to be 
aiqu-oxiruatidy equal. Supposing, now, it is required 
to keej» a register of 90,000 criiiiiiials, as contemplated 
by M. B-Ttillon, each represented by a card containing 
)>ersoual details, photograph, and other particulars. The 
tirst division by length of head will divide the 90,000 
cards into three sections of .30,000 each ; these are sul»- 
divided by bi*eadth of head into nine subs(*ctious of 
10,000 each, and again by the remaining measurements 
successively into 27 stds of 3300 each, 81 of 1100 each, 
and 243 of 370 each. The cards are kept in a cabinet, 
wliieli is divided into sections and subsections corre- 
sponding to the measurements described, and eventually 
into drawers, ropre.sentiiig the last subdivision. Tlicie 
are, therefore, 213 drawers, each containing about 370 
cards. Then a further subdivision of the cards m each 
draw(»r is given by the h(*ight, the length of the little 
finger, and lastly by the colour of the eye. The height 
gives three subdivisions of 124 each, which are 
further divided into groups of 41 by the little finger, 
and finally into packets of 6 by the colour of the 
eye, of which seven varieties are distinguished. The 
practical working of the system can be readily understood. 
A prisoner is brought into the Prefecture; the jKilice 
r' ‘quire to know his record, and whether previously con- 
victed or not. He gives a name which is not found in 
the al]»habetical register, kept in addition to the anthro- 
pometric register. Let us suppose that the name is fals(‘, 
and that he is really an old offender. In order to find out 
it is necessary to search the records. It is here that the 
anthropometric classification comes in. Instead of search- 


ing through photographic albums and voluminous records, 
at the cost of much time and labour, and with a doubtful 
result, the authorities can, theoretically at least, lay their 
hands with certainty on the document required within a 
few minutes even among 90,000 others. The man is 
measured, and his head-length is found to be over 191 
millimetres. He therefore falls under the “longs,” and 
two- thirds of the registration cabinet, or 60,000 records, 
are at once eliminated. The head-breadth in like manner 
eliminates 20,000 more ; and so on until the search comes 
down to a bundle of six or so, among which the suspect's 
card is found, with photograph, description, «fec. The 
whole thing is entirely inde]x:ndent of names. The actual 
identification is made by means of the photograph and 
distinctive marks, if any. Some additional measurements, 
including the dimensions of the ear, arc taken by M. Ber- 
tillon, but they are not essential. The system is still 
undergoing modification and improvement by the intro- 
duction of new features. An important addition is the 
fing^r-jirint process, described below. 

Tlie weak point in the system is the margin which has 
I to bj allowed for error in the measurements. M. Bertillon 
1 himself allows 1 millimetre, but with less skilful or less 
careful officers than those at the Paris Prefecture it may be 
n^'cessary to allow more. This introduces a doubt into the 
elassificatiori, rendering it uncertain to which of two sec- 
tions measurements near the dividing hue really belong, and 
so increasing the area of search to a corresponding degree. 
In practice, however, the system has proved highly 
successful in France. A striking result is the great 
diminution in the number of liabitual criminals who 
attempt to evade recognition ; the inference is that they 
have learnt to regard the endeavour as futile. 

In 1893 a de}>artmcutal committee was appointed by 
the British Home Office to inquire into the anthropometric 
system and also into fiuger-pnnts. It reported in the fol- 
lowing year, recommending the adoption of anthropometric 
cluHsiticatioii by means of the five jiriinary measurements 
described above ; but for the further classification and 
actual identification it recommended the finger - jn-iut 
system elaboraUid by Mr Francis Galton in preference 
to the Bertillon secondary measurements, as being more 
jKjientific and more accurate. These recommendations were 
])rovisioually ado])ted with some modifications, and have 
been in use in England ever since. The actual measuro- 
meuts now taken are the following : — (1) head length, (2) 
head breadth, (3) face breadth, (4) left middle finger, 
(5) left cubit, (6) left foot, (7) height. Thcvse are entered 
on a form together with other details, including age, 
name, cornjilexion, hair, eyes, and distinctive marks 
The })risouer’s photograjih is also affixed in a space left 
vacant for the purpose. The reverse side of the same 
]>iece of paper is devoted to the finger-prints. Inijires- 
sions of the thumb and four fingers of each hand are 
taken, both with the lingers together and each in a 
sejiarate space. The paj»ers are classified and arranged 
in sections to form a register in the manner already 
cxjilained. It is to be noted, however, that owing to 
diilercnce of judicial procedure the system is carried out 
in a somewhat different way in Great Britain, and is used 
to a much less extent than in France. The French law 
permits the arrest, detention, and interrogation of jiersons 
on mere sus)>icion, and the identification of “recidivists” 
at this stage is of great imjiortance, because it places a 
l»owerful weapon in the hands of the ])olice and of the 
examining magistrate in working up the case. It is also 
important fof the protection of the innocent. All persons 
arrested are therefore measured at once by the police as 
a matter of routine, and this is done by specially trained 
and skilled officers at the identification bureau. The 
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English law only permits it to bo done to j^ersons com- 
mitted for trial or under remand at the formal request of 
a chief constable. The measurements, therefore', are not 
taken by the police, but by prison ofHcials, and the system 
is only applied to a comiuiratively small nuinln'r of 
criminals. It is carried out, however, under the 8U]>er- 
vision of a central office attached to the nietropolihin 
police, where the register is kept. Some 200 oflieers in 
the diflFerent gaols throughout the T'’^niteil Kingdom have 
* been instructed in Anthropometry. In Glasgow it is used 
by the i>olice. 

Finger Prints . — In 1823 Purkenjt*, the eminent physio 
logist of Breslau, drew attention to ilie subject of finger 
im]>rosaions. He distiuguisluHl nine tjqios, and suggestt*d 
a system of classification, but it v^as not followed nj>. 
The first jiraotical applic«itioii of the method was made by 
Sir William Herscht*!, of the Indian Civil Service, who 
introduced it into the district of Hooghl}, in Bengal, as 
a n leans of identification, to meet tin* ]*raetiee of jKTsoiia- 
tiou ])re valent in all the ctiurts. lie wrote a repoii 
recomineuding its general adoption in linlia, but his 
advice was not followed, and the i)ra<ticc lapsed in the 
llooghly district after his departure. The subject was 
afterwards taken up as an anthroixilog'cal study hy Mr 
Francis (lalton, and very fully worked out. Jt is thus 
explained in brief by Mr (4. 11. Henry, inspect(»r general 
of police. Lower Provinces : - 

Tin* jubiitti sill fate el tin* hand and the sole ol tin loot aie 
tiiOfised hy innuineiuhlo iidges, loiiniMg iiuiii^ \aiictif s ol jutteni, 
and by dearies. The ndge patteiiis and tlie nd^o cfia rat ferities 
p( isist thioughout the \\lioh peuud ol human hh , and aie so dis- 
tinctive as to dilh'ioiitidto uuU iiidiMdual ttoiii all otlniH. An 
ae< unite u pi odiiet ion ottlieMi iidgi s is oi)t lined h> iiikiagtin fiiigi i 
bulb and piessing it on jujKi, tin* iniptessniii thusjcMuded l»eiiig 
aroeisal ol the ]iattnn on tin* liiign. All nnpiesMons may be 
ttiianged uiidei one ol loui tNpes. numelj, aulns, loo]»s, wlnuls, 
eoinposites. Anhes siihdivuh into an lies and teiilefl anhes; 
clear ch Imilions deniaieate inhes Inmi tenlid arclies, and both 
fioin loops. Looiw iiittv lu n/nn/ oi and aie lurtln i diflei- 

entiuted from oaeh otliei hy ndge eountimj and by linn ndge 
charactfn sties. WIioiIh air smgb - oi doublr-eoied ; inipiessions ol 
this tynu diller coiispu ucmsly lioin eaih otliei, oAnng to the in 
iiumeianlo Aaiieties ol jiattein tin > pnsent, but fuitlni deinana 
lion IS piovided by ndge trnciuq (\>in])OsiteH iiidnde cditnil 
pockets, latcial Jiockets, lAMiiiied loops, aeeich iitals. 

From this it will he seen that tin* classification is 
somewhat complicateel and ti'chiiical. For furtlier explana 
tion and for the practical ai>])hcatM)n of the method the 
reader is referred to Mr Henry’s Ixiok on Ffnqer Prmt^ 
(1900). 

In 1892 Anthropometry wms introduceil into Bengal, 
and then into other jirovincf's ; but after some years^ ex- 
jicrience certain defects in woikiiig bi'CMirie aiijiarent, and 
attention was turned to the alternative usi* of ftngerqirints, 
on w^hieh the Home Office, as previously nu'iitioned, had 
reported favourably in 1894. Kxporimiuits in identifica- 
tion by Hnger-iiriiits only were made in Bengal, and were 
so successful that in 1897 the government of India 
appointed a committee to examine lioth systems. It 
recommended the adoption of finger-jiniits on the Bengal 
plan as being suiAerior to the anthropometric method — 
(1) in simplicity of working ; (2) in tlie cost of apjiaratus ; 
(3) in the fact that all skilled work is transferred to a 
central or classification office ; (4) in the rapidity wdth 
which the process can l>e W’orked ; and (5) in the certainty 
of the results.” Various theoretical objections to fingei- 
prints have been raised, but they have no j particular value. 
Obliteration of the ridges by injury is possible, but it 
would in itself Ix) suspicious, and would coiist*tutc a most 
distinctive iK3rsonal mark ; obscuration by manual lalamr 
is not found to be a serious drawdiack. In June 1897 a 
resolution of the governor-general in council directed the 
adoption of the finger-print system throughout India, and 
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its gradual substitution for th^\Sreviously existing anthro- 
pometric system has since been eairied out. Its usi* is not 
confined to the police deijartment, but calends to all 
branches of jpublie business. 

It is probable that different systems ni ly suit dffit n ot 
conditions. Foreign go\einnu‘nts now ihi fj,i po! u* 
purjKises combinations of Anthroj»onu try and biig(*i jpunts 
similar to that ado]>te(i in Knglaiid. Tiieie at* niti oi 
differences, but the systems uie siitlit‘iently alik< to 1 m* 
availabb* for dealing With intt*rnatn>iia I cnine Tlu full 
advantage of scientific ideiitilualion, liowiMi, wiM not hi 
rea]>ed until judicial procedure recogm/es moie eleai l;y tlu 
distincLon ladw^een ])rolessional and accidi ut.il crimin.iis. 
On this point the comniittei of 1891 reiiiaiked ‘'As 
there are some criminals wlio ought iM*\ir to U' sent to 
prison, there are others wlio ought iie\i‘r to he ndeaMd ; 
and when this distinction is estahlislied and proxided for 
by legislation, it will he of even gre .iter imjpoitanci than 
at present to have an txad lecoid of <*ach crinim.irs 
offences.” 

Liinivii 111 — IhiiiijoN — /nHfrmtium Sii/ua/ttitjfKt^ 
Hi-Mi\. Class^fiiatum aiai ttf J'nuju J'unt* hi » \km ^ . 
Forinii/ht/}/ AViur?/’, Man*b ]S‘> 0 ; V ?/ m/ //, .hil> ISJM phi 
n<M>k —“Ihpoit oil Iwst Ml .ins a\ nidbb loi iib iitilj mg llitbiliiul 
(*iinuiials,‘’ IstU. (\. si ) 

Anti bOSf a small scajioit r)f Kraiui, (lepmtiiu nt of 
Aljies Maritimes, in tL<* arrondisseinent of (iias^i^ | | 
miles in direct line 8.S.W. cif Xice, on the iailva> iiom 
Toulon to Nice. The lanqiaits aie Uiiig dtmolislud. 
A state horticultural college was established in Ih'il. 
Industries include jperfunu distilling Bopubition (iShl), 
3810; (1891), 192(‘>; (189G), 1950 (1901), GGOO. 

Anticosti, a harun island of C^)iuIm(, (\iiiula, 
situiUed in the noitheiii ]K)it.on oi the (lull of St 
LawTence, It has bein conveiled into an iiiinitn‘-e 
preseive toi game of all kinds. 

AntiS^Of a city of Wisconsin, H.S.A., the capital of 
Langlade county, sjtuatid in the noith I'asti rii jiait of the 
htaO*, on a hiaiieh of the Clucago and Noitli WesU*iii lail 
way, at an altitude of 1483 feet. Its indiistuis consist 
mainly in the manufacture of lumber. Population (J8sr>), 
1979; (1895), 5002; (1900), 5145. 

Antiffua, an island of tin Bntisli Wist Indies, the 
large.st member of the outt*i rfn.illine chain, ea.st of Nevis 
and north of Montseii.it, with an aiea of 108 squriie nub s. 
In 1881 the po]Milation was 3f,()()0, and in 1891, 3G,20(), 
St. John, the Ctipital, containing 7938. It foims, with 
Barbutlaaiul Bed(m(la,oneof the live pi< sidencies into which 
the Leeward grouj) is div idi d, ami is the seat of tlie gcnei.il 
governing body. Tlu local ligislativi council teasid to 
send four unofficial iiumlw.rs to the Federal Legislative 
Council in 1898, wluii the hgisluture, in consitli ration 
of pecuniary assisbimv from the British Goviiiiment, 
passed an act aluog.it uig the semi -elective constiliition 
which had existid since i8()G. The island is now, like 
the other jiresulencu s of the L<Mwai<l Lslamls colony, 
adminiattTed as a Crown C^doey, and tlic hgislativi 
council consists of tiglit official and eight non-offiei.d 
inemlH*i*s, all iiomiiiattd by the governoi. Kdmation i.s 
by law comjuilsory, and tlu re are many < I< immtaiy scIkpo's 
throughout tJie island. Then* is a gi.immai .sdiool ioi 
hoyn and one foi girls, and tlu* Canihridge local txamiii.i 
tioiis are held annually, as are the examinations ol tlu* 
lbiiver.sity of London. Agricultural training is given 
undi'r the Government at iSkimtt’s .school. The Mico 
tr<aiiiing institution was closed in 1899, and students an* 
now trained in the Mico training college in Jamaica. 
The Anglican, Wtsloyan, ami Moravian churches ai*e the 
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iiiortt numerous. Th(‘re a small volunteer defence force. 
The island luis direct steam communication with Great 
llritairi, Now York, and Canada, and is connected with 
the West India and l*aiiaina Teh gmjdi Comiiany’s cable. 
The decline (»f the suj^ar iiidusti-y laiH had a serious elFoct 
on the pro»ixirity and |»u))lic li nances of the island; and, 
as in many other VVtst Indian colonit's, cousidorablo 
retrenchments in ]>nl>lic (‘xjimidituro hiwl to b(* effectt‘d 
during tin* last f(‘w y*‘ars <jf the century, which were also 
markiHl by liurticaiie and (bought. Sweet potatcM^s, yams, 
maize, and guiiu‘a-corii ari‘ gr3wn for home consum]»tlon, 
and pine-apples aie exjwjited to a small extent. The 
lands were in classiiied as follows; — Cultivated in 

Kug^ir cane, 14,Hd0 acres ; other crops, IGGOacres ; pasture, 

; uneiillivated, 19,910; mountain and waste land, 
10,195; total (estiniate(l) G9,i!75 acres. In 189G the 
exports, cliielly cane-sugar and ]iiue-4i])ples, were X 13 1, 000 ; 
in 1S9.S, i:79,()00 ; and in 1899, X121,832. The imports 
in I89G were £135, GOO; in 1898 tliey fell to .£1 05,000, 
Imt in 1899 they showed improvenieiit, standing at 
.£109,031. The revenue in 1899 xvas i>12,8i’L*, and the 
expenditure X5 1,959. Tlie debt stood at .£137,500 in 
1900. Tradt* is chitdly with the United States. The 
tonnage entered and cleared at tlui \arious ])orts of the 
island was in 1898 steam, 109,132 (all llritish); sailing, 
30,010 (of wliicli 13,G13 was llritish). 

The islands Harbiidu (G80) and lledoiida (130) produce 
jihospliates of alumina. 

Antilles, a term of sonw'what doubtful origin now 
gencTally used, esiKH-dally by foreign writers, as synony- 
mous with the expression “West India Islands.*' Like 
“iJiuzil,” it d.des fioin a jx^riod aiiterioi to the discovery 
ol the New World, “ Antilia ’* being one of thos(‘ mysterious 
lands of the (llooniy ( )e(*an, whieli ligured on the inedheval 
charts Momt'tinn’s as an archipelago, soinet.m s as continu- 
ous land of greater or lesser extent, eonstaiilly Ihietuatliig 
ill iiiid-(K:eau between the* Canal ies and East India. But 
it came at last to be identitied with the land disiMivered 
b> Columbus. Later, when this \\as found to consist of 
a vast archil K*lago enclosing the Caiibbean sea and Gulf 
of Mexico, Anlihn assumed its prixsent plural form, 
Andlltfi^ which w.is collectively apjdied to the nliole oi 

ANTI-SE 

I N the political struggles of the concluding (piarU'r of 
the 19th century an inijMwttiiit Jiart xvas played by a 
religious, political, and social agitation against the Jews, 
known as “ Anti-Semitisin.” The origins oi tliis nunark- 
able movement already tJireaten to become obscuied by 
legend. The Jews contend that anti-ScMiiitisni is a mere 
aliivistie revival of the Jew-hatred of the Aliddle Ages. 
Thi* extrenu* m'ction of tlie aiiti-Seiuitt*s, who ha\t* given 
the movement its (|uaHi-seientitie- name, declare that it is a 
racial struggle an iiieideiit of the eternal eoniiiet In^tweeii 
liiurope and Asia and that the anti-Semites are engaged 
in an etlVirt to ])re\ent wliat is called the Aryan race from 
being subjugated by a Stmiitic immigration, and to save 
Aryan ideals from being uuHlitied by an alien and 
demoralizing oriental Atm'lmauiuj, There is no essential 
foundation for eithei of th(»s(» contmitions, Keligious 
prejudices roacjhing biu'k to the dawn of history have been 
reawakened by the anti Semitic agitation, but they did 
not originate it, and liny have not entin‘ly controlled it. 
The alleged racial dixHTgenee is, too, only a linguistic hypo- 
thesis on the physical evideiu'e of which aiithro|K)logists 
are not agreed (Topinard, Anfhrojmlmjit ^ p. 414 ; Taylor, 
Oriijins of An/a cap. i.), and, even if it were proved. 


this archipelago. This theory fails to account for the 
origin of the term itself, which is supposed by some to be 
a corrupt fonn of the still older and more famous Atlantis. 
For the islands and groups now comprised under this 
designation, see Wkst Indium, and the separate entries — 
Cuba, Jamaica, kc . 

Antioch, (1) on the Orontes. The modern town, 
A'lUdkia^ stan^ in the north-western , quarter of the 
ancient city, on the left bank of the cl-Asi, OronUs^ on 
level ground at tlie foot of the rugged range of Mount 
Casius. More tlian half the town was destroyed by an 
earthquake in 1872, and the houses were rebuilt with 
material fn>iu the old walls. A marsliy lake, in the fertile 
plain to tlie north, makes the town unhealthy, and the 
trade, in maize and liquorice root, is small. There is a 
British vice-eoiisulate. The population consists of Moslems 
and Ansaileli, 1G,000; Christians and Jews, 8000. 

(2) PisiDiAN Antioch was situated on tho lower southern slopes 
of the Sultan Dagli, about mile oust of Yaluvaeh, in the Konia 
vilayet of Asia Minor, on the ri^ht hank ot a strt'am, aneimt 
AiUhnm, which Hows into the Honan tJoul. It was probably 
founded, on the site of a Phrygian sanctuary, by SeleueusNi(Xitor, 
301-280 B.C., and was nia»le a free nty lly the Romans in 189 
B c. It was a thoroughly Ilellemzed, Greek -sjieaking city,* in 
the midst of a IMirygian jieople, with a mixed ))opulation that 
included many Jew's, ilefoiu G n.c. Augustus made it a colony with 
tho title Ou'Harea, and (onnected it with Lystra by the “Ko}ul 
Rtmd.** Undei Claudius, a.i>. 41-51, when visited by Paul and 
Huruabas it was tlie civil ami military initre of South Galatia, and 
a place of im|>ortanee. In 1097 the Ctusadcrs fomid rest and 
shelter within its walls, 'riic ruins are interesting, and show that 
Aiitioeh w'as a stiongly- fortified city of Hellenic and Roman typo 
(Ramsay, St, 2*aiil ike TravclUr: JUistvncal CommuUary on the 
Galatidvst 1899). 

AntlOCIUlA, a department of the republic of 
Colombia, boumh'd on tlie N, by tho Colombian depart- 
ments of Bolivar and Cauca, on the E. by that of San- 
tander and Boyaca, on the S. })y those of Tolima and 
Cauca, and on tho W. by C^auea. It has an area of 
33,3IG S(|. nillcH, and its jiojmlation is roughly estimated 
at about 500,000. The poimlation of the capital, 
Medtdlin, is estimated at 40,000. The other ])riticipal 
towns arc lilarinilla, Souson, Salamina, Santa Bosa, and 
Puerto Ben-io. 

M I T I S M. 

it has existed in Europe for so many centuries, and so 
many ethnic moditiaitions have occuired on both sides, 
thiit it cannot Ix' accepU^d as a practical issue. It is true 
that the ethnographical histories of the Jews and tho 
nations of Eurojie have proceedt'd on widely diverging 
lines, but these lines have more than once crossed each other 
and liecome interlaced. Thus Aiyan elements arc at tho 
liegiimiiigs of both , EuroiK'an morals have been ineradicably 
bouiitiw^ by Christianity, and the Jews have been Euro- 
fieans for over a thousand years, during which their 
character has lieen modified and in some respects trans- 
formed by the eccli*si.istic4il and civil polities of tlie nations 
among whom they have made tlieir ]>ermarient home. 
Anti-fckunitism is then exclusively a question of European 
politics, and its origin is to be found, not in the long 
struggle lietween Eurojic and Asia, or between the Church 
and the Hynagogue, which filled so much of ancient and 
medheval history, but in the social conditions resulting 
from the einanciiiatjon of the Jews in the middle of tho 
19th centuiy. 

If the emancipated Jews were Europeans in virtue of 
tho antiquity of their western settlements, and of the 
character impressed u|K)n them by tho circumstances of 
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thoir European history, they none the less presented the 
appearance of a strange people to their Gentile fellow- 
countrymen. They had been secluded m their ghottoH for 
centuries, and had consequently acquired a ])hyRiml and 
moral physiognomy differentiating them in a measure 
from their former oppressors. This peculiar i)hyBioguo!ny 
was, on its moral side, not essentially Jtwisli or evt‘n 
Seinitia It was an advanced develo])mcnt of the main 
attributes of civilized life, to which Christendom in its i 
transition from feudalism had as yet only imperft'ctly 
ada 2 )ted itself. The ghetto, which had been designed as 
a sort of quarantine to safi^guard Christendom jigjiinst the 
Jewish heresy, had in fact ]»roved a storage cliamher for I 
a }H)rtion of the political and social forces whieli were 
destined to sweep away the last traces of feudalism from 
central Europe. In the ghetto, the jiastoral Semite, who 
had been made a wanderer by the d<‘struction of his 
nationality, was steadily trained, through centuries, to 
become an url>an Euroi>ean, with all the ]>arasitic activities 
of ui biin economies, and all the democratic tendencies of 
occidental industrialism. Excluded fiom the army, the 
land, the trade cor 2 »o]utions, and the artisan guilds, this 
(luondaiu oriental ])easaut was gradually transformed into j 
a commercial middleman and a j>ractised dealer in money, i 
Oj)pressod by the Church, and i)ersecutecl by the State, his j 
theocratic and monarchical traditions lost thoir Jiold on 
his daily life, and ho became saturated with a |)assionate 
devotion to the ideals of democratic politics. Finally, 
this former bucolic victim of riuenician ex})loitation had 
his wits jirelernatural ly sharpened, partly by the stress of I 
his struggle for life, and partly by his being compelled in 
his urban seclusion to seek for recreation in ]itera.ry exer- 
cises, chiefly the subtle dialectics of the Talmudists (Loeb, 
Juif de CJlhtoire; Jellinok, JwlMu* Stamm). Thus, 
the Jew who emerged from the ghetto was no longer a 
Palestinian Semite, but an essentially m(xl(»rn EurcqM'an, 
who differed from his Christian fellow-countrymen only 
in the circumstances that his religion was ot the older 
Semitic form, and that his j)hysical ly]K' had In^come j 
sharply delined through a slightly more rigid exclusive- ' 
ness in the matter of marriages than that practised by | 
Protestants and lioman Catholics (Andree, Volk^kundc 
der Judetij p. 58). 

Uufortuiiattdy, these distinctive elements, tliough not 
very serious in themselves, became strongly accentuate*! 
by concentration. Had it been ])ossible to distribute the 
emancipated Jews uniformly througliout Christian society, 
as was the case with other emancipated religious denomi- 
nations, theie would have lieen no revival of llie Jewish 
question. The Jews, however, through no fault of their 
own, belonged to only one class in Kuro])ean society — the 
industrial ImirgeoUk. Into that class all thoir stnmgtli 
was thrown, and owing to their ghetto prejiaration, they 
rapidly took a leading place in it, iiolitically and socially. 
When the mid-century revolutions made the bourgeoUte 
the ruling power in Euru}>e, the semblance of a Hebrew 
domination presented itself. It was the exaggeration of 
this apparent domination, not by the howrgeohle itself, 
but by its enemies among the vantjuished reactionaries 
on the one hand, and by the extieme Iladicals on the other, 
which created modern anti-Semitism as a jmlitical force. 

The movement took its rise in Germany and Austria. 
Here the concentration of the Jews in one class of the 
population was aggravated by their excessive numliers. 
While in France tho pio^iortion to the total pojmlation 
was, in the early ’seventies, 0*14 jier cent., and in Italy, 
0*1 2 jier cent., it was 1'22 per cent, in Germany, and 
3*86 per cent, in Austria-Hungary; Berlin had 4-36 pc‘r 
cent, of Jews, and Vienna 6*62 jwr cent. (Andrew*, Volks- 
hmdt^ pp. 287, 291, 294, 295). The activity of the Jews 
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consequently manifested itself in a far more intense foi ni 
in these countries than clst*wherc. This vas ajijiaient even 
before tho emancipations of 1818. Towards the middle of 
the 18th century, a limited numlwr of wealthy 
Jews had been tolerated as Schuiz-Jndeti outMfh) 
the ghettos, and their sons, e<lii(*atetl as Geiniaiis nml v 
tho influence of Moses Mendelssohn and his scliool 
Modern, J^Twg. Jhit, xiii. ]>. 680), supplied a major il} ( t 
tho leading spirits of the i evolutionary agitation. T<» tl s 
jjeriod belong the forniKlubh* names of Lmlwig liruMie 
(1786-1837), lleinrieh Heme (1799-J854), Filwaid ( Jai /. 
(1798-1839), Gabriel KiessiM* ( l806-186;l), Feidinard 
Lassalle (1825-J864), Karl MarA (18J8-1883), 1 SIom‘s IIom 
( 1812-1875), Tgnatz Kurunda (1811-1884), and Johann 
Jacoby (1805-1877). When the r<*volntiou was eoiii]>lete<l, 
and tho Jews entered in a body the national lif<‘ oi 
Germany and Austria, they sustained this high average 
in all the intellectual branches «)f middle class activity. 
Here again, owing to the aecidt'iits of tlitdr history, a 
further concentration Iweanie a))]»»ivt‘nt. Tlieir activity 
was almost exclusively intidlectual. The bulk of thim 
flocked to the linancial and the distiilmliv** (as distlmt 
from tho productive) fields of industiy to w'lncli they Iiatl 
Ix^eii cunllned in the ghettos. The shaijfened lacnlties of 
the younger geniTatioii at the same time carried ev**iy- 
thing before them in th<‘ schools, with the it-iiit that 
they soon crow'ded the professions, esjwcially nn-Oicine, 
law, and journalism (Nossig, Statist d dvs Jud. S*ammf*i, 
pli. 33-37; Jacobs, Staft'^fics^ ]»]►. 41-69). Thus 
the ‘SSeniitic domination,” as it wm alterwuuls callt‘d, 
became everyday more stiong^y accentuated. It it Wer a 
long time in exciting resentnumt and jealousy, the rea on 
was tliai it was in no senses alien to the new condition.^ of 
the national life. The comjs'tition was a fair one. I'he 
Jews might be more succc*ssful than thidr Cliristiiiii 
fellow -citizens, but it was in virtue of qutdities whuh 
complied with tho national standards of conduct. Tin y 
were as law-abiding and ]uttrio(ic as they were mtellig* iit. 
Crime among them was far below the averag** (Nossig, 
p. 31), Their complete assimilatioti of the national spii t 
was brilliantly illustrated by the aohievemcmts in Germ.in 
literature, art, and science of su* U men as Heinrich Heme 
and Berthold Auerbaeli (1812-1882), Felix Mt'iidt Issolin 
(1809-1847), and Jacob Meyerbt'er (J 794-1864), Jaco])y 
tho mathematician (1804-1851), Valentin the jdiysio- 
logist (1808-1883), and Lazarus (b. 1824) and Steintlul 
(1823-1892) the ualjonal psychologists. In j»ohtics, t<io, 
Edward Lasker (1829-1881) and Ludwig Bamberger 
(b. 1823) had shown h(»w' Jews could put their country 
before party, wlieii, at the turning-point of Geriiian 
Imperial history in 1866, tlj<*y led the secession fioni the 
Fortschritts- Partei and f^mnded tho National Liberal 
jiarty, which cnablcil Pi’iuce Bismarck to ac<'oinpli''h 
German unity. Even their financiers were not behind 
their Christian fellow -citizens in ])atriotisni. I’rimo 
Bismarck himself confessed tliat tlu* money for carrying 
on the 1866 caiiqiaign was obtained from the Jewish 
blinker Bleichroedei, iii face of the refusal of the money- 
market to sU])port the war. Hence the voice of the old 
Jew-hatred — lor in a weak way it was still oec«ihionaI y 
heard in obscurantist corners —was shamed into silence, 
and it was only in the Euroiiean twilight — in Kussia and 
lluraauia — and in lands where media.*valisiii still lingered, 
such as northern Africa and Fersia, that oppression and 
jx.*rspcution continued to dog the steps of tho Jew's. 

The signal for the change came in 1873, and was given 
unconsciously by one of the most distinguished Jews 
of his time, Edward Lasker, tlm giftctl lieutenant of 
Beuuigsen in the leadeiship *)f the Natioiial Libeial 
party, Tho unification of Germany in 1870, and the 
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rapid iMiymcnt of the enormous French War indemnity, j 
had given an unprecedented ixn])ulMe to industrial and 
financial activity tliroughout the empire. Money became 
cheap and s^jceulation Itecame universal. A company 
mania set in which was favoured by the (Government, who 
granted railway and other concessions with a pro<ligal 
hand. The inevitable result of this state of things was 
first indicated by Jewish politicians and economists. On 
the 14th January 1873, Edward Lasker chilled the atten- 
tion of the Fiussian Diet to the dangers of the situation, 
while his colleague, Ludwig llamberger, in an able article 
in tin* PreimtM’hen JahrbueJi^r^ condemned the policy 
which had iiermitted the milliards to glut the country 
instead of being paid on a plan which would have 
facilitaU»d their gradmal digestion by the c*conomic 
iiuicliinery of tlie nation. Deeply inii»ressed by the 
gravity of tln» impending crisis, Lasker instituted a search- 
ing iinpiiry, with the result th.it he discovered a series of 
grav(j comp<iny s<*andalH in which financial promoters and 
aristocratic directors were chiefly involved. Undeterred 
by tlie fact that the Icjiding spirit in those abuses, Bethel 
lleiiry Strousberg, was a Jew, l-asker presented the 
results of liis iiniuiry to the Diet on the 7th February 
JH73, in a siwech of greait power and lull of sensational 
disclosure's. The dramatic results of tliis siieeeh need 
not be dwelt upon here (for detiils see Blum, 

Ktich znr Znt liUtmircks^ pj>. 153 ISI). It must sullice 
to Kiy tlmt in tin* following May the gre.it Vienna 
“Kr.icli^’ occurred, and the colos^il IniblJe of speculation 
bin si, bringing with it all the rum foretold by Lasker 
and Bcimberger. From tlu' jKisition occupied by the 
J(*ws in the commercial cl.iss, and especially in the 
lin.inci.il section of tliat cl.iss, it was inevitable that a 
coMsidt'rable numlH*r ol tlicm should figure in the 
Bc.in(la]s wdiieli followed. At tills moment an obscure 
Hamburg journalist, Wilhelm M.irr, who as far back as 
lK(i2 had ])rinte<l a still-born tra<‘t against the Jews 
published a sensational pamphlet entitled 
Ihr Stvif ties Jh( 1( nthums uffcr das (ierni/anenthum 
Victory of Judaism over (Jermaiiism ”). The book fell 
upon fruitful soil. It .ajiplied to the nascent controversy 
a IhcMiry of nationality wliicli, under the great sponsor- 
shi]) of ll«‘gel, had seized on the minds of the (lernian 
youth, and to which the stirring events of 1870 liad already 
givi'ii a deep ]>ractieal signifi<*aiice. The slate, according 
to the Hegelians, sliould be national, and the n.it on should 
1 m' a unit com[irlsing individuals speaking the same 
laiigu.ige and of tlie sami* racial oiigin. Heterogeneous 
elements might Iks absorlMsl, but if they could not bo 
reduced to Hie n.itioiial tyjie they should be eliminated. 
This was the pseudo -sidenti tie note of the new anti- 
Semitism, the theoiy which diirereiitiated it irom the old 
religious Jew-hatr(‘d and sought to give it a r.itional 
l>laee in inoderii thought. Marr’s p.xmphlot, which rcs- 
viewed the f.icts of the Jewish social concentration with- 
out noticing tlieir essentially transitional char.icter, ]»ro\cd 
the jsionocr of this U*aching. It was, however, in the 
jsassioiis of party jsoliticfc tLit the new crusjido found its 
chief sources ot vitality. Th<» enemies of the bourgeoisie 
at once saw that tin* movement was calculated to discredit 
and weaken the school of ManchesU'r Liberalism, then in 
the ascendant. Agrarian capitalism, which liad been 
dethroiK'd by industrial cji]>italism in 1848, and had 
burnt its fingers in 1873, seized the opportunity of jiay- 
ing off old scores. The clericals, smarting under the 
Kidturkampfy wliich was supported by the whole body 
of Jewish lil^ralism, joined heartily in the new cry. In 
1876 another sensational pamphlet was ])ublished, Otto 
(Glagau’s Der Boersen and Grundergesclimrulel in Berlin 
(“ The Bourses and the Comimuy Swindles in Berlin ”), 
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I dealing in detail with the Jewish partloiiiation in the 
Bcandfi^ first revealed by Lasker. The agitation gradually 
swelled, its growth being helloed by the sensitiveness and 
cacoSthsB ecribendi of the Jews themselves, who contributed 
two pamphlets and a much larger [proportion of news- 
}ni[)er articles for every one sui)[)lied by their opponents 
(Jacobs, Bihliog, Jew. QiUiStion^ p. xi.). ITp to 1879, 
however, it was more of a literary than a [wlitical agitation, 
and was generally regarded only as an ephemeral craze 
or a passing s])asm of po[)ular passion. 

Towards the end of 1879 it spread with sudden fuiy 
over the whole of Germany. This outburst, at a moment 
when no new financial scandals or other illustrations of 
Semitic demoralization and domination wore before the 
public, has never been fully exj plained. It is impossible 
to doubt, however, that the secret springs of the new 
agitation were more or less directly supplied by Prince 
Bismarck himself. Since 1877 the relations between the 
chancellor and the National L'berals had gradually become 
strained. The deficit in the budget had comjielled the 
(Jovernment to think of new taxes, and in order to carry 
them through the lleiclistag the bU[pport of tlie National 
Liberals had been solicited. Until then the National 
Liliorals had faithfully supported the cliancellor in nursing 
the consolidation of th(* new em[)ire, but the great dream 
of its leaders, especially of Lasker and Bamlperger, who 
had learnt their politics in England, was to obtain a con- 
stitutional and economic regime similar to that of the 
British Isles. The org.inization of Gcriiuiu unity was now 
coiiijpleted, and tlu*y regarded the new overtures of l*rinee 
Bismarck as an o[)[Portmuty for jpressiug their ccpnstitutioiial 
deiminds. These were refused, the Keiehstng was dissolved, 
and l*nnce Bismarck bcpidly came forward with a new fiscal 
policy, a combination of [protection and state soeialisin. 
Lasker and Bamberger thereupon led a [powerful serossioii 
<pf National Liberals into o[>[>OHiti()n, and the chancellor 
was comjpelled to seek a new majority among the ultra- 
Conservatives and the Bomaii Catholic Centre. This 
was th(* beginning of the f.imous “journey to Canossa.** 
Bismarck did not hide his mortification. He began to 
recognize in auti-Remitism a means of “dishing'' the 
Judaized liberals, and to his creatures who assisted him 
in his [Press camjpaigus he dro]p]Pcd significant hints in this 
sense (Busch, Bisuuirek^ ii. 403-54, iii. 10). Ho even 
s[Poko ot a new Kultm'kampf digiimhl the Jews {ibUL ii. [>. 
484). IIow' tlu'se hints were acted ujpon has not been 

I revealed, but it is sufficiently instructive to notice that 
tlie final brt*,ich with the National Liberals took [place in 
July 1879, and that it w^as immediately followed by a 
violent revival of the anti-Semitic agitation. Marr'p 
pam[phlet w^is reprinted, and within a ft*w^ months ran 
through nine further editions. The historian Treitscliko 
gave the sanction of his great name to the movement. 
The Ctpiist'rvative and I Ultramontane [press rang with the 
sins of the Jews. In October an anti-Semitic league 
was founded in Berlin and Dresden (for statutes of the 
leagm* see B’iueteentk Centwry^ Fcbiuary 1881, ]p. 344). 

The leadershi[> of the agitation was now definitely as 
sumed by a man who combined with social influence, 
oratorical [power, and inexhaustible energy, a definite 
scheme of social regeneration and an organization for 
carrying it (Put. This man was Adolf Stoeckcr (b. 1835), 
one of tlie Court Preachers. He had embraced the doc- 
trines of Christian Socialism which the Homan Catholics, 
under t]ie guidance of Archbishop Ketteler, had adoptc*d 
from the tt»achings of the Jew Lassalle (Nitti, C allied ie 
Socialism^ [ip. 94-96, 122, 127), and he had formed a 
society callled “The Christian Social Working-man's 
Union.” He was also a couB[)icuou8 member of the 
Pmssiaii Diet, where ho sat and voted with the Conserva- 
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lives. He found Iximself in strong sym]>athy Pi’iuco 
Bismarck’s new economic iwlicy, which, although als«» of 
Liissallian origin (Kohut, Ferdinand Lasmlh^ j»j). 1 U et 
was claimed by its author as being essentially Christian 
(Busch, p. 483). Under his auspices the years 1880-81 
became a period of bitter and scandalous conflict with the 
Jews. The Conservatives supported him, partly to satisfy 
their old giudges against the Liberal honrffenide and 
,]»artly because Christian Rocialisin, with its aTiti-Seinitic 
api>eal to ignorant prejudice, was likely to weaken the 
hold of the Social Democrats on the lower classt's. The 
Lutheran clergy followed suit, in order to i»revent the 
Roman Catholics from obtaining a monopoly of (’hristian 
Socialism, while the Ultramontanos readily adojited anti- 
Semitism, i)artly to maintain their monopoly, and partly to 
avenge themselves on the Jewish and LiisTal su]>]>orters of 
the KuliHrhtmpf, In this *way a formi<lable lto<ly of jmhlic 
opinion w’as recruited for the anti-S(*mites. Violent del>atc‘s 
took place in the Prussiau Diet. A jietition to exclude 
the Jews from the national schools and uni\ersitics and to 
disable them from holding jmblic ai»p()intm(mts w’as jire- 
sented to Prince Bismarck. Jews were boyef»tted and in- 
sulted. Duels between Jews and anti-Semites, many of 
them fatal, became of daily occurrence. E^e^ uniuly 
demonstrations and stre(*t riots were repojted. Pani]»ljletH 
attacking every phase and as]^K*ct of Jew^ish life earned 
by the hundred from the j>riiiting- press. On their side 
the Jew^s did not want for friends, and it was owing to 
tile strong attitude ado]»ted by the LilxTals that the 
agitation failed to secure legislative fruition. The crown 
piince (afterAvards Emjieror Frederick) and crown ]»rinces8 
bo’dly set themselves at the lu^ad of the jiarty of jirotest. 
Tii»‘ crowm piince ])ub1icly declared tliat the agitation 
was “a shame and a disgrace to (lermany.” A iiiainfesto 
d(*nounciiig the movement as a blot on Orman cultufe, a 
d.nger to (German unity, and a flagrant injustice to the 
Jews themselves, was signed by a long list of illustiioiis 
men, including Herr von Forckeiibeek, Piofessois 
Mommsen, (yneist, Droysen, Viicliow, and Dr. Werner 
Siemens SiTov. 18, 1880). During the Reichstag 

('lections of 1881 the agitation jJayed an active ]>art, but 
w .thout much effect, although Stoecker was elected. This 
Avas due to the fact that the gri'at (^)nservative parties, so 
f.ir as their political organizations Avere concerned, still le- 
ni lined chary (jf ]»ublicly identifying themselves with a 
movement which, in its essence, Avas of socialistic tendency. 
Jlence the electoral returns of that year suj»]>Iied no sure 
guide to tile strength of anti-Semitic coinuctions uniong 
the C German ]K*oi»le. 

The first severe blow sufft*red >»y the Cernian anti- 
Semites was in 1882, when, to the indignation of the whole 
e vilized world, the barbarous riots against the Jews in 
Russia and the revival of tln^ mediieval Blood Accusation in 
Hungary (see infra) illustrated the liability of unn'asoning 
mobs to carry into violent practice the incendiary doctrines 
of the new Jew-haters. From this blow anti-Semitism 
might have recovered had it not been for the divisions and 
scandals in its own ranks, and the artificial forms it sub- 
S(Miueritly assumed through factitious alliances with poli- 
tical ])artios bent less on fiersocuting the Jews than on 
profiting by the anti-Jewish agitation. The divisions 
showed themselves at the first attem])t to form a jiolitical 
IMirty on an anti-Semitic basis. Imiierceptibly the agitators 
had grouped themselves into two classes, economic and 
ethnological anti-Semites. The imjiracticable racial views 
of Marr and Treitschke had not found favour with Stoecker 
and the Christian Socialists. They were dis]>osi'd to leave 
the Jews in {leace so long as they behaved themselves 
pro[ierly, and although they carried on * their agitation 
against Jewish malpractices in a comprehensive foim which 


si'cmed 8U})erficially to identify them with the j<»ot-and- 
branch anti-Semites, they w^ere in reality not inclined to 
accept the racial th(wy with its bchi'ine of leviAcd Jewish 
disabilities (Huret, La Question Soriafe iuteiview with 
Stoecker). This feeling was streuglhem'd by a teudeiay 
on the jiart of an extreme wing of the racial anti Sem tes 
to extend their caini>aign against Judaism to its oflsining, 
Clirifitiaiiity. In 1879 Piofessor Sej>p, arguing tliat Jesus 
was of no human race, Lid jaojKised that Christianity 
should reject the Hebrew Scriptiiies and sc'ck a fiesh his 
torical basis in the cunoifoim inscri]»tionb. Latei l)i 
Duhring, in several biochuies, notably Die Jmhnfruift ah 
liarcn^ Sitten nnd Culfur Fraqt (1881), had attacked 
Ciiristianity as a manifestation ot the Semitic spirit which 
W’as not cfunpatible with the* theological and ethical con- 
ce])tionH of the Scandinavian j*coi)l(‘s. The jihilosojiipr 
Friedrich Nietzsche had also a(lo]»t(*d the same view with- 
out n<.>ticirig that it was a rtduvUo ad ahsuidum of the 
whole agitation. {Mensrhltvlas^ AUzummsddichfS (1878), 
Jenseiis von Gut and Jiose (188G), Gtnutloijie der Mmal 
(1887).) "With these teudi'iuii's the Clinstian Socialists 
could have no sympathy, and the coiiseijuence amis tliat 
when in March 1881 a ]>olitical oiganization ot anti 
Semitism was attomjited, two rival bodies wue created, 
the “Deutsche Volksvenin,” uijd(*r th( Conservative 
ausi>ices of Herr Liebermann von Sonni'iiU'ig (}>. 1848) 
and Herr Foerster, and the “So(iale lleKlisveiein,’ led 
by the racial and Radical anti-Semites, Eiiist Heurici 
(b. 1854) and Otto Bocckl (b. 1859). Tii 18^0, at an 
anti-Semitic congress held at (\isscl a ri'union was eflected 
under the name of the “Deutsche antisemitisdie Aerein,” 
but this only lasted three years. Tii Juiu' 1889 the anti- 
Sc'mitic ('’hristiaii Socialists under Stotekei ag.nii secedt'd. 

Meanwhile racial anti-Semitism vsith its wholesale 
nidical proposals had b(»<» 2 j making considemble jnogri'ss 
among tlie ignorant lower classes. It adajded itself better 
to pojiular passions and inheiited piejudiee than the nuae 
academic conceptions of the Cliristiaii Socialists. Tlie 
latter, to(), W’ero largely Conservatives, and their points of 
contact with the inoletariat were at best aitificial. Among 
the Hessian jicasiintry the inflaminatoiy ajU'cals of Botikl 
se<*ured many adherents. This paved tL* v\ay for a new’ 
anti Semitic leader, Herrmann AhJwardt (b. 1840), who, 
tow’ards the end of the ’eighties, ecli])se(! all tlie other anti 
Semites by the sensatifmalism and violence with which he 
ju’osecutcd the caniiiaign. Ahhvardt was a j)ejson of evil 
notoriety. He was loaded w'ith debt. In the Manche 
dc'coratioii scandals it was ]»roved that lii' had acted first 
as a corrupt intermediary and afterwaids as the bet layer 
of his confederates. His anti-SemitiMii was ado]>ted 
originally as a means of chant aye, and it was only when it 
failed to yield profit in this form tliat he came out boldly 
as an agitator. Tlie wildness, unscrujmlousness, and full- 
blootledness of liis propaganda enehaiited the mob, and he 
bid fair to become a povvi'ilul democratic leader. His 
pamphlets, full of scandalous revelations of alleged nial* 
jiractices of eminent Jews, were read with avidity. No 
fewer than ten of them were written and jmblished during 
1892. Over and over again he was prosecuted for liliel 
and convicted, but this seemed only to strengthen his 
influence with his followers The Roman Catholic clergy 
and new’sjiai»ers helped to inflame the jiopular passions. 
The result was that anti-Jewish riots broke out. At Neu- 
stettin tlie Jewdsh synagogue was burnt, and at Xantou 
the Blood Accusation was revived, and a Jewi.sh butcher 
was tried on the ancient charge of murdering a Christian 
child for ritual purposes. The man was, of course, ac- 
i|uitt(*d, but the symjitoms it reveaV'd of reviving iiiedi- 
levalism strongly stirred the liberal and cultured mind of 
Germany. All protest, however, seemed powerless, and 

S. I. - 6o 
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tho l>arl>iirian inovomont ap^Kjared destiuod to carry every- 
thing before it. 

(jiernian iK)Iitics at this moment were in a very intiicatc 
state. Prince BiKinarc'k had ri'tired, and Count Ca]irivi, 
with a progrannrn* of g«‘nora1 conciliation based oti Liberal 
princi]des, w.is in pow »r. Alarmed by the non-renewal of 
the aiiti-S icialir»t law, and by the conclusion of commercial | 
treaties which midc great coiic(»ssioTis to German industry, i 
tho landed g.Mitiy and the (^maorvativo party liecame 
alienated IVom tin* new chancellor. In January 189:2 tho 
split wa-i CDinpletcd by the witlidrawal by the* (jovc*rnment 
of tJio Prim try lildiication Bill, which had bi‘en design«*d 
to placi* priJiiiry instruction on a religious basis. The 
Conscrvitives saw llc*ir opj>ortuiiity of posing as the ])iirty 
of Clinstianity agiiust the Ijiberals and Socialists, wliohad 
wreckcti the Bdl, atidlliey Ix'gan to look towanls Ahlivardt 
as a ])ossihI(» ally, lie )md tin* advantiiges ovt‘r Slocekcr 
that b(! w.is not a Socialist, and that lie was prepared to 
load his app ireiitly laig* following to assist tin* agrarian 
inov(*m'*nt and weaken tJio Socnal Democials. The intrigin* 
gradually cam* to light. Towards tin* end of tJie year 
ilerr Li(‘]>kiu‘clit, tin {Social Democratic leadei, denounced 
the (Jons * 1 V itivns to tin* U«*ichstag as being conc»*riied “in 
using the antiS'initic niov(*inent as a luslard edition of 
Socialism for the us* of sluj)i<l ]ieo]ilt‘ ” { 1st D<*Ci*iiiber). 
Two days later 111* (ili.irge was coiifiriiied. At a meeting 
of the |»aity held on 3rd J)ocejnb«T the following jdank 
was addeil to tin* ( Jfms‘*rvetive ]i?’ogramme . “We coinlut 
the o|»pres^i\e ainl disinlegr li iiig J(‘vvish intluenc** on our 
natioriiil hf<* , w_* denund toi our Christian people a 
Clinstiaii niigistiac} <ind (Mirisliaii leacinus for Ohiistian 
pujnls; we rcpiidiali* the exee^^ses of anti-Seniitihin.'^ In 
pursuance of this n*>ohilion Ahluardl was returned to the 
Reichstag 4il hy t^K'ctioii )>v Iht* (V)nservative' district of 
Arnswalde Priedcl>*ig. I'lie coalition was, Imwevcr, not 
yet complett‘d. Tlu* iiiti'ansig 'ant Conservatives, led ]»y 
Biron von Ilamm(*rst(‘in, the editor of the Kn 
justly felt that tin* <‘one'u ling s(*uti*in'e of the resolution of 
3id J)ec(*ml)er r(*]mdiatiiig “the excesses of anti Seinilism^’ 
was <*ileulatei| to lunder a full and loyal co-operation 
between tin* two ]urtn*i. Aecordingly on 9th Decembei 
anoth '!• m ‘eting ot tin* ])ail> was suniuioned. Twelve 
hundreil nn*mh*rs in 't at the Tivoli Hall in Berlin, and 
with only s<*\en ilisseiitiimts solemnly exjiuuged the 
otrending sentenee troiu tin* resolution. Tin* history ot 
politn*tl ]>aities iniy be s •ar<*hed m vain for a parallel to 
this disereilitahle tr.insaction 

TJio eiplu e of the ( \)ns(*rvativt» ]>ai ty ]»roved the high 
water iniikol (hTinan anti Hernitism. Prom that moment 
tin* tidi* hi*gin to recede. All that was l>est in German 
lutional lili* was si*andalJZi*d by tin* cynical tactics of tJie 
CVmsei vat!V(*s The emperor, strong Christian though he 
was, was slnH*ked at the idei of serving (Jhristiaiiity by 
a coni]) Let with unscrupulous dt*magogues and ignorant 
fanatics. IN me* Bismirck growled out a stinging sarcasm 
fiom Ins retieal at Krn*drich.sriih. Kven Stot'cker rais<*d 
his voice 111 protest agiinst tho “ Ahlwardtisnius ” and 
“ Boeck»*lianismus,’’ and called ii])()n his ConfH*rvalive 
colleagu 's to dutiiigiiish between “ resj lec table and dis 
roiMilable auti Semitism.’' As for the Liberals and 
8i>cialists, th(‘y tilled tin* air with hitter laugliter, and 
decl.ired from the ln)iis(*tops that the btii])id party had 
at last bnui overwhelnK*d by its own stujiidity. The 
Conserv.itives began to .sus]M*et that they ha<l made a false 
ste|», anil they were contirmed in this belief b} the conduct 
of their new ally in tin* Reiclistag. Jlis dehut in jiarlia- 
ment w^ts the signal for a succession of disgraceful scenes. 
His whole CiUnimigii of calumny was transferml to the 
floor of the house, and for some wwks the Reichstag dis- 
cusst*d little else than his scvcalled revelations. The 
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Conservatives listened to his wild charges in uncomfort- 
able silence, and refused to supfiort him. Stoecker 
ot)[X)Hed him in a violent siioech. Tho Radicals and 
Socialists, taking an accurate measure of tho shall oxv 
vanity of the man, adopt(*d the policy of giving him 
“enough roiie.” Shortly after his eleiition he was con- 
demned to live months’ imiirisonment for libel, and he 
would have been arrested but for tho intery>osiiion of the 
Socialist party, including five Jews, who claimed for him,, 
the immunities of a member of parliament. When he 
moved for a commission to inquire into his revelations, it 
was again tlie Socialist yiarty which supported liim, with 
the result that all his charges, without exception, were 
found to lie absolutely basi.*Ie«s. Ahlwardt was covered 
with ridicule*, and when in May the Reichstag was dis- 
solved, lie w.is march(*d ofi‘ to prison b) undeigo the 
wntence for libel from which his jiarliameutaiy privilege 
had up to that moment yirotei U*d him. 

His liold on the anti Semitic poynilace was, however, 
not diminished. On the contrary, tlio action of tho 
Conservatives at tin* Tivoli (kmgross could not be at once 
ciradicattHl from tlie minds of tlic Conservative voters, and 
wlieii the eloctor.il campaign beg.in it was found impos.sible 
t») explain to tlieni that the ]»arty leaders had changed 
their minds. The result was that Ahlwardt, although in 
j)rison, w.is elecbsd by two constituencies. At Ariisw’alde 
Friedeberg h' was refiirneil in the teeth of the ojiposition 
of the ofhc’al Conservatives, and at Neu- Stettin he 
<iefealc‘d no less a ]>erson than his anti Semitic ojijionent 
Stoecker. Sevi‘nt(*c*n other anti - Seiiiiti's, all of the 
Ahlw.irdtian school, were elect<*(l. This, however, rejnv- 
senb'd the extreme sti*i*ngth of the anti-Semitie jiarty in 
Germany ; for henceforth it had to st.ind alone as one of 
the many minor factions in the R(‘ichstag, avoKl(*d by all 
the great parties, and too we.ik to exe‘rcise any miluence 
on the main course of iiflairs. 

During tin* subsequent seven years it hecamt* more anil 
more discredited. The financial siundals conni'i'ted with 
Foerster’s attempt t(> found a Cliristian Socialist colony in 
JUraguny, the eonvielion of H.n*on von Jfammcrstcin, tin* 
anil Semitic (Vmservativi* leader, (»f forgery and swind 
ling (I89r)-9r>), and several minor seandals of the s*uiie 
unstivoury eharaeter, covered tho l»arty with the very 
obloquy which it had alteiiij)ted to altiicli to the Jew^s. 
x\t the same time the Christian Soi'ialists who hail 
remained willi the Conserv.itivi* l>aity also suffered. 
Afti*r the idections of 1893, Stoecki'r w.is dismissed from 
his ])Ost of Court Freaeher, and ])iiblie’y rej)riinandt*d for 
sjieakiiig familial ly of tlie t*m]iress. Two years later tin* 
C3iristian Soi*ialist Pastor Nminann, observing the 
tendency of this CJonservatives to coalesce willi the 
miHlerate Liberals in antagonism to Social Deiiiocrai-y, 
declared against the Conservative paity. The following 
yi*ar the eiiqM*ror jaibhcly condemned Christian Socialism 
and the “yiolitical jiastors,” and Stoecker was expelled 
from the (Joiiservative ])arty for refusing to modify the 
socialistic ])ro])aganda of his oigan, Daa VoIJc, His fall 
was comj)leti*d by a <|uarrel with the Kvaiigelical Social 
Union. He left the Union and a]>]>ealed to the Lutheran 
clergy to found a new Church social organization, but met 
with no responsi*. Anotlier blow’ to anti-Soinitism came 
from the Roman CNitholics. They had become alarmed by 
the unbridled violi'nce of the Ahlw’ardtians, and when in 
1891 Foerster di*<*larod in an addri*ss to the German anti- 
Semitic Union that anarchical outrages like the murder of 
president Carnot were as much due to the “ Anarchismus 
von oben” as the “Anarchismus von untcu,” the lUtra- 
montane Gernuiina publicly washed its hands of the Jew- 
baiters (1st July 1894). Thus gradually German anti- 
Semitism liecanie strijiiM'd of every adventitious alliance ; 
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and although at the general election of 1898 it managed 
still to return twelve momberR to the Ileiehstag, it had 
ceased to be regarded as a serious element in ]>olitics. 

The causes of the decline of (lenuan autwSenntism are not 
difficult to determine. While it remained a theory of 
nationality and a fad of the uieta])hyRieianR, it miuUi con- 
siderable noise in the world, but without exercising iiiuch 
practical influonco. When it attempted play an active 
part in politics it became submerged by the ignorant anti 
BUi>erstitious voters, who coultl not understand its seieniitit* 
justification, but who were quite rtjaily tt) declaim and liot 
against the Jew liogey. It thus K‘came a sort of Jacquerio 
which, iKjing oxploittjd by unscrupulous doruagoguos, soon 
alienated all its resjiectablo elements. Its immieiits of 
real importance were due not to inherent stnuigth but to 
the uses made of it by other political [larties foi tlieir 
own ])urpo8es. Those coalitions are no longer possible, 
not only because anti Semitisni has cejiseil to be ros]Hiet- 
able, but because, in face of the grciwing strength of 
Doinocratie Social isni, all supjiortors of the jiresent 
organization of society have found it ni'cessary to sink 
tlieir (litFerences. The new social struggle has eclipsed 
the racial theory of nationality. The Social Diuiiocrat is 
now the enemy, and tlio new reaction counts on tln» 
8U]»])ori of the ricli Jews and the strongly nulividiialist 
Jewish middle elass to assist it in pre.S(*rving the (existing 
social stnietiir<‘. 

More serious have been the effi'cts of (ferinan anti 
Semitic teachings on the political and social lift* of the 
countries adjacent to tlie i‘mpir<' — Russia., Austria, an<l 
Trance. In Riissiji tlii'se etie<‘ts witc first seriously ft It 
owing to tlie fiuy of autoeiatic reaction to which tlie 
tragic tleath of the Tsar Ali'xaiider 11 . gavt' rist‘. This, 
howfvei, like the Strousberg Kmrh in (ieniiany, was only 
the iiroximate cause of the ouibrt'uk. Tlievi* wmx* AIkt 
elements which laid cieated a mthnt pt'culiarly fa.ouiable 
HuMsla trails] >lan tat ion of the (i<‘iinan eraz(». In 

th(‘ first plaet* the niedueval anti-Semitism was 
still an integral jiaitof the]»olityof the empire. The.]e\\.^ 
wen* coojhsi u]» in one hugv* ghetto in the western ]mo 
vinct'S, “maiktsl out to all their fellow eountiym(‘n as aliens 
and a pariah casti* set ajuirt for sjn-ejal and degrading treat 
iiicnt” of f/tr Jnrft in RnA»in^ l8i)l, ]>. Ti). In 

the n(‘xt ])lace, owing to the emancipation of tlu* seifs wliieli 
had half mined the laud owners, while cn'ating a fn*e 
but moneyless jM'asantiy, the Jews, who could be neither 
nobles nor peasants, had found a vocation as nnaa y lendeis 
and as middletiKai between the grain ]>roduc(Ts and the 
grain consumers ami cx]»oiters. T1 ut<* is no evidence that 
this function was iieiforuied, as a rule, in an t*xoibilani or 
oppressive way. On the contrary, the fall in the value of 
cereals on all the provincial inarki is, afUT the riots of 
l«SSl, shows tliai the Jewish eompeiition had j>rt*viously 
assureil full ])rices to the farmeis (Seliwabaelur, 
DniHchriff^ 1882, p. 27). Nevertheless, tin* Jewish 
activity or “ exploitation,” as it was called, was resented, 
and the ill feeling it eaitsed among land-owners and laruiiirs 
was shared by non-Jewisli middlemen and merchants who 
hatl thereby been compelled to Ih» satislie<l with small 
profits. Still there was but little tliought of sivkiiig a 
remedy in an organized anti-Jewisli movement. On the 
cjoiitrary, the abnormal Situation aggravatiMl by tlie ilis- 
ap])ointiuents and depression caused by the Turkish war, 
had stimulated a widespread demand for constitutional 
changes which would enable the ]»eople to lulopt a state- 
machinery more exactly suited to their needs. Among the 
peasantry this demand was promott'd and fomented by 
the Niliilists, and among the land-owners it was largely 
adopted as a means of checking what threatened to become 
a new Jacquerie (Walcker, Getjemvartige Lage Mimlaruhj 


1873; Jniirre Knaifi 1870), The tsjir, 

Alexander 11., strongly Rym}»athized with this inovemei t’ 
and on the ailvice oi Count Lons Melikofi’and tlie council 
of ministers u riidimeiitaiy scheme of ]»ailiaim‘nt.o v 
government liad been drafted an<3 actually signed wln n 
ilu‘. eiui>eror was assassiuati'ii. Meanwhile a nationahj-l 
and rt*actionary agitation, originating like its ('lerin.in an.i- 
logue in the Hegelianism of a stctirm of tlie lettered public, 
had Tnaiiift'sted itself in Mos(*ow. Afti*r some <‘arly vieissi* 
tildes, it liad IxH'ii organized, under the ausjcees o\ Ahxis 
Kireielf, Clioinjakofi, Aksiikotf, and K(KdielefV, into the 
Slavophil |>aity, with a Homanticiht ])rogriuiimc of nlonn.s 
liased on the old traditions c»f tin* ])ie-l\ Inne iqiocli. Tins 
paity gave a great mqietiis to Slav nat.onalism. Its 
tinal possibilities wcie sanguinarily illustraU’d by 
Muravieirs cam]»aigii in Poland in 1803, and in the var 
against Turkey in 1877, which was exclusively its handi 
work (Statement liy (Iciicial Kiniilf* Sclintz, Das 
hentige Russlmiti^ ]\ 101). After the assassination of 
Alexander II. tlie Slave] diil teaching, as e\]>ouiuhjd b} 
Ignatieff ami Pobyedouostzefi', l)ecame ]iai amount in the 
(Government, ami the mw tsar was j»eismwled to e^ancel 
the constitutional pi eject of Ins fatlui. The more libiial 
views of a section of the SlaAoidiils under Aksakoff, wlio 
had been in favour of n‘])r('Sentativi* inst*tut;ons »)n tradi- 
tional lini's, W(‘re disj)laee<l by tin* reactionary s\stem of 
Poby(‘dom>stzefr, who took Jus siaml on a))S(tlnt'sii 4 
oriliodoxy, and tlie rmnal unity of tlu‘ Russian pfO]»le 
TJiis was tilt* s. Illation on the ev(‘ of leister 18^1. The 
liaideiiing nationalism above*, the increasing di'^conb'nt 
1m‘Iow, the economic activity of the Jlebnw lunt.es ami 
aliens, and the (‘cliocs of aiiti-Sennt sin fiom <acr the 
wi'Steru bonier wen* combining for an I'Xplos on 

A scuflle in a tavern at Klis,d»( thgrad, tn Kh(‘r.son. 
sullici d to igii tc this c(»mbu.std>lc mabral. Tlu* scnillc 
grew into a riot, tin* tavern was sa(*ke»l, ami tlic diuiiken 
mob, lioumied on by ag tators who declared tl'at llic 
Jews w'cn* using Ohristian b!cK>d for llu* niaimfacture of 
their JCastiT brearl, atta<*k< d ami looted tlu* Jew’.sh (jiiaiti i. 
Tilt* outbreak rajiidly spri ud. On Ttli Ma^ tlun* wa.'^ a 
s.milar not at Smicla, ncai Czcrgas,sy, ami tlu* following 
ilay then* w’as a v olent tuitbreak at Iviefi*, wli ch lift 2000 
J« w.s luniieh ss. Within a fiw we»ks tlu* wliolc of 
W< stern liUs.s!a, fiom tlu* iiiack St a 1i> tlu* Jkilf c, was 
smoking with the niins t)f Jew sh hoim s Scons oi 
Jewish w^mu n wn*rc disluimuiretl, liumln*<l.s tJ men, woiiun 
ami cliiklieii wen* .slanght leti, ami tens of lliou.siml.s wiie 
rctluced to beggaiy and lift without a slu Iter. !Miirdeioiis 
riots or iiicembaiy outrages tt>t»k ]>^acc in m> f» wi*r than 
l(»7 ttiwns ami villagts, imliitbiig War.saw*, Oth.ssa, anti 
Kieir. Kuio]h* hatl witrusiscd nt> sueli scent s of inol> 
savagely since the Rlaek !>» ath nia.ssacn s in the fouitientli 
century. As tlu* faet^ giatliially filUnd tlinmgh to the 
wisteiii t*a]>itals tluy caust‘tl a tin ill of Itotroi eveiywdiere. 
An indignation met tn.g liehl at the ]\laiis on lJou.se iii 
London, under tlie pnsideney of the T..oitl Mayoi, was the 
signal ftir a long « -ru s of |K>]ai!ar demonstrut.ons coiukmn 
ing the j)iTB«*eutioiis, licid in m<i.st of the elm f citit .s of 
Kiigland and the (\»ntiiient 

Kxci*pt as stiniul.ited by the Jmk o}»l;obe reMval in 
Germany the Hass an outbnak in its tailiei foimsdtns 
not belong sptM*ifieally tt» modern ant -St in.t.sm. Jt was 
essentially a medieval u]>r sing ammaftd by tlu* rt*l g'oas 
fanaticism, gioss siqii rslit on, aiul jirctlatory iii.stincts of 
a p^'Oplc still in the im*diieval stage of their di velopnient. 
Tii.s IS proved by tlu* fat t tliat, althtuigh tlu* Russ an 
]>ea.sant w^as sujiposed to be a vctim of iiulu arable* Jcw’isli 
“cx])lo.tation,*’ he w^as not moved to r.ot until lu* had Ixu u 
brutalized by drink and exc ted by the oltl fable of the 
Blorxl Acciisat on. The motlern ant -Sem.t c element came 
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from above, and followed closely on the heels of the riots. 
It has been freely charged against the llusslan C»overuraent 
that it promoted the riots in 1881 in order to distract 
popular attention from tin* Nihilist proj^agauda and from 
the pollt cal disappointments involved in the cancellation 
of the previous tsar’s constitutional project (Lazare, 
p. 211). This is an hypothesis which 
will not stand the t ‘st of investigat'on. It is true that 
the local autlioritn'S, both civil and military, favoured the 
outljreak, and took no st ‘ps to sujijuvss it, but this may 
be a(*counti*d for by the fact that the f(*udal bureaucracy 
had just c'scaji'd a great danger, and were consequently I 
not sorry to s *e tin* discontented j)Opulace venting their 
pass’ons on tin* Ji*ws. In the higher ciieles of the (loverii- 
nn*nt ditferent views prevailed. The tsar liimst'lf was at 
first ])(*rsuaih*d that tin* riots were the work of Nihilists, 
and Jn» juibLcly promis'd his ]u*ol *ction to tin* Jews. On 
the other hand, his minist'rs, ardent Slavophils, thought 
they recogniz'd in the outbreak an endorsement of the 
nationalist teaching of which they were the a]K)sties, and, 
while reprobating the lU'ts of violence, came to the con- 
elus.on that the most reasonable solution was to aggravate 
the legal disabilities of the p rsecuted aliens and heretics. 
To this vii'W the tsar was won over, ]»artly by the clamor- 
ous indignation of Western Hlurope, which had w»ouuded 
his national amour projnr to the quick, and ])avtly by 
the strongly jiartisan rej»ort of a commission api)Oiiited 
to iii(|uire, not into the administrat.ve breakdown w'bich 
bad allowed riot to run loos' over tlie wesb'rn and southern 
provinc *s, but into the ** exploitation ’’ alleged against the 
Jews, thi* reasons why ‘‘ the former laws limiting the 
rights of the Jews ” liad lieen mitigated, and Jiow tliese 
laws couhl be altered so as “ to stoi> the jK*rnic Ions conduct 
of till* Ji'ws” (liescript of 3rd Se])t(‘mber 1881). The 
result of tins report was the drafting of a “Temporary 
Order concerning the Jews” by the Minister of tlie In- 
terior, (^»unt Ignatieff, which rieeived the assent of the 
tsar on the 3rd May 1882. Tins order, w'hich was so 
little teiiiporaiy that it has not yet bi*(*Ti rejH'aled, had 
tlie effect of creating a number of fresh ghettos wnthiii the 
IMile of Jew'jsli Si ttleinent. The Jcavs were cooped up 
within the towns, and their rural interests ^vere arbitrarily 
confiscated. Tlie doubtful incidence of the order gave 
IMS • to a numlH.*r of judgments of the Senate, by whieli all 
its persecuting jiossibilities were brought out, with the 
result that tlie activities of the Jew’s were comjilotely 
paralysed, and they beeaiiie a ]»rey to uiqiaralleled 
ciu'lty. As the gruesome effect of this legislation lM*eaine 
know’ll, a fresh outburst of horror ami imlignation swelled 
uji from Western Europe. It jimved jiowerless. Count 
Ignatieff was dismissed ow’ing to the proti'sts of high- 
plac'd Husslans, who w’ere disgust’d by the new Jiultur- 
but his w’ork remained, and, iiiider tlie influence 
of M. I’obyedonostzeff, the Tioeiirator of the Holy Synod, 
the polii'y of the “May Laws,” as they were significantly 
called, was applied to every aspect of Jewish life with 
p.t.less rigour. The temper of the tsar may la* judged 
by the fact that w’lien an apia*al for mercy from an illus- 
trious personage in England w’as conveyed to him at 
Fredeiisborg through the giucious medium of the tsaritza, 
his Majesty angrily exclaimed w.thin the hearing of an 
Euglishmau in the ante-ioom w’ho w’as the bearer of the 
ines.sage, “Never let me hear you mention the name of 
that p.'opio aga.n ' ” 

The liuss an May I^aws are the most ermspicuous legis- 
lative monument achieved by modern antl-Seniitlsm. It 
IS true that they re-enacted regulations w’hicli resemble the 
oppressive statnti’s introiluced into Poland through the 
inllueiice of the Jesuits in the 16th century (Sternberg, 
6Vjir4. (1. Juilen In Polen^ ]q>. 141 t( but their 
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orthodox authors were as little conscious of this irony of 
history as they were of the Teutonic oiiglus of the whole 
Slavophil movement These laws are an experimental 
application of the political princiiiles extracted by Marr 
and his German disciples from the metaphysics of Hegel, 
and as sucli they afford a valuable means of testing the 
practical oiieratlon of modern anti-Semitism. Their result 
was a widespread commercial depression which was felt 
all over the empire. Even before tlie May Laws were • 
definitely jiromulgated the passport reglsU'rs showed that 
the anti-Semitic movement had driven 67,900 Jews across 
the frontier, and it was estimated that they had taken 
with them 13,000,000 roubles, rejiresentiiig a minimum 
loss of 60,000,000 roubles to tiu* annual turnover of the 
country’s trade. Towards the end of 1882 it was calcu- 
lated that the agitation had cost Kiissia as much as the 
whole Turkish war of 1877. Trade was eveiy where jiara- 
lysed. The enormous increase of bankruptcies, the 
transfer of investments to foi-eigu iuiids, the conse- 
quent fall in the value of the roulile and the jirices of 
lluHsian stocks, tlie suspension of farming operations 
owing to advances on grow’ing crops being no longer 
available, the rise in the pnci's of the necessaries of 
life, and lastly, the ap]>earance of famine, filled half the 
empire with gloom. Banks closed their doors, and the 
great ]n*oviucial fairs ]iroved failures. When it was 
projiosed to (*xpel the Jews from Moscow there was a 
loud outcry all over the Sacred C^ity, and even the Ortho- 
dox merchants, realizing that the mi asure would ruin their 
flourishing trade w’ltli the south and west, petitioned 
against it. TJu* Moscow Exhibition proved a failure. 
Nevertheless the Government persisted w’ith its harsh 
policy, and Jew’ish refugees streamed by tens of 
thousands across the western frontier to seek an asylum 
111 other lands. In 1891 the alann caused by this emi- 
gration led to further ] notests fiom abroiid. The citizens 
of London again assembled at Guildhall, and addressed a 
))etition to the tsiir on behalf of Ins Hebrew subjects. 

It was handed back to the Lord Mayor by the liussian 
Amlmssadoi, with a eurt intimation that the emperor 
di'clined to receive it. At the same time orders were 
defiantly given that tlie May Law’s should K* strictly en- 
forced. Meanwliile the Jtussian M.ni.ster of Finance was 
at his wits’ ends for iiiuuey. Negotiations for a large loan 
had l»cen entered upon with the hous • of Kothschild, and 
a preliniinaiy eoutraet had l)een signed, when, at the 
instance of the Loudon firm, M Wyshnigradski, tlie 
Finance Minister, w’as informed that unless the jierseeu- 
tions of the Jews were stopiied tlie great l>aukiug-house 
w’ould be* compelled to withdraw from the 0]>eratiou. 
Deeply mortified by this attempt to deal with him de 
puiHsanre a jtiiisaanrf^ tlie tsar |)ereinptorily broke off 
the negotiations, and oulered that overtures should be 
made to a noij-Ji*w’ish French syndicate. In this way 
anti-Semitism, which had already so profoundly mfluunced 
the domest c politics of Europe, set its mark on the inter- 
national relations of the J\)weis, lor it w'as the urgent 
need of the Itusslan Treasury ipiite as much as the ter- 
mination of Prince Bismarck’s secret treaty of mutual 
neutrality w’hicli brought about the Franco- Russian 
alliance (Daudet, II Ut Dipl. V Alliance Franco-MutiM^ 
pj». 259 ei seqq.). 

For nearly three years more the persecutions continued. 
Elated by tlie success of his crusade against the Jews, M. 
Pobyedonostzeff extended his jiersi’cuting })olicy to other 
non-Orthodox denominations. The legislation against the 
Protestant Stuudists became almost as unbearable as that 
imposed on the Jews. In the report of the Holy Synod, 
jiresented to the tsar towards the end of 1 893, the pro- 
curator called for repn*ssive measures against Roman 
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Catholicrt, MoHlem^, and Buddhists, and denonnctd the 
rationalist tendency of tin* in'Iiole system of st'cular edueo- 
tion in the empii*e (A^eue Freie Freese, 31st January 1894). 
A year latt*r, however, the tsar died, and his successor, 
without repealing; any of the persecuting laws, let it 
graclually be undcr'»tood that their rigorous application 
might be inlt’gate<l. The country was tired and ex- 
hausted by the inirsecut'on, and tho tolerant hints w’^hich 
came from high (juarters w'ere acted upon with significant 
alacrity. This toJemnt tendency has since l>e€‘n stnuigth- 
ened by a now political movement, inaugurat'd by Prince 
Oukhtoinsky, th<' apostle of lluss’an Asiatic lm}M'ria]isni. 
The Prince dreams of a future wlien the tsar wdll rule 
over the whole of Asia, but he realizes that this mission 
must be based on the mo^t gemerous principles of religious 
toleration (Legor, Bussett ef Slane»^ Serie, ]>]>. 79-81). 
As a personal fritmd of the new’ tsar his teachings in this 
sense have produced considerable I'fFect throughout llussian 
socic'ty, ami have helpi'd to mitigate the terrible lot of 
the Jews. 

The only otJier <*ouutry in Europe in whic*h a legalized 
anti-Semitism (‘xists is lluiiiania. The conditions are 
vciy similar to those which obtain in Russia, with the 
important differeiu'e that Rumania is a constitutional 
couiitiy, and that the Jewish i^tM'secutions are the work of 
the elect'd dejmtics of tho nation. Likt* the /ioun/eois 
GvTntilhomim* who WTOt » ])rose all his life without know'ing 
it, tho Rumanians ])ractised the nationalist iloetrini's of 
the Hegelian auti-Semit(‘s unconsciously long In^fore tiny 
well* formulated in (lermany. In the old days of Turkish 
domination the lot of the Rumanian Jews was not con- 
spicnoiis’y unhaiipy. ll was only wdien the nation iK'gan 
to be einaueljiateil, and the struggle in the East assumed 
the form of a crusade against Islam that th(' Jew’s wvre 
]iersecut('d. Jitimaniau iiollticians pr(*ached a natioiiarsm 
limited exclusively to indigenous Christ.ans, and tiny 
W't'H* strongly sLi[»port(‘d liy all who felt the commercial 
Rummalm of theJews. Tiius, although the Jews 

had bet‘n settled in thi* land for many ceiitunts 
they wore by law’ (h'clared alii ns. TJi s W’as done in defiaiici* 
of tlie Treaty ol Paris of and tlie (Convention of 

1858 which declared all Runiaiis to bt' equal Isfore the 
law\ Under the iiillu«*nce of th.s distinction the Jews 
])ecamc ^MTsecuted, and sanguinary riots were of frequejit 
occurrence. The realization of a Jew’ish question led to 


zianyi, who translated the Ocrniaii Judecqiholx' jMimphlcts 
into Magyar, and the Magyar works of Omsly into (ierman, 
was the chief medium betwi*eu tlie north<*rii and 
southern schools. In 1880 Tst<K*zy tried to i .stab 
lish a “Nichtjuden Bund*’ in Hungary, w.th 
statutes literally translat(*d from tliose of tli<* rii inuin anli- 
Semitic league. The iiioveinent, howiwer, inaih* no pif» 
gress, owing to the stalwart Liln'ralism of tlu* predominant 
political liartios, and of the national principh s iuhciite l 
from the Revolution The large part ]>layed b\ the Ji ws in 
the struggle of 1818, and the fruitful patnotisiu with wha-h 
they had worked for tlu* jiolitieal and oeonoinie progn ss ot 
the country, liad rn att'il, too, a strong claim on the gratitude 
of the Ix'st elements in tlu* nation. Nevt'ithelcss, among 
tlio I^l tramontane clergy, the liigher aristocracy, the ill- 
Ijaid minor officials, and tht* ignorant pasantry, the sei ils 
of a tacit anti-Scmitisni wvre latent. It was probably the 
aversion of the nobility from anything lu the nature of 
a demagogic agitation wliich for a tinu' ])re\f‘nted tlust* 
seeds from germinating. The new’s of the iqjrising in 
Russia and the appiaraiiec ot Jewish rcfug«*i s on the 
frontier, had the «*ffccl of giving a certain jnoiiiiiience to 
the agitation of Istoc‘zy and Oiiody and of exciting the 
rural coniinuiiities, but it did not succeed in inq>ressmg 
the public w’ith the pseudo scii'iitilic d<K*trines of the new 
anti-Semitism. It w'as not until tlu* agitators rtsojt«d to 
the Blood Accusat on — that iie\ei -failing dieoy of ob- 
scurantism and supeistition— that Hungary took a definite 
place in the anti-Senntie iiKAciiunt. Tlu* oiitbnak wa** 
short and fortunatt'ly bloodless, but while it lasted its 
scandals shot’ked the wdiole of Ein<qH‘. 

Dr August Rohling, Piofissoi ot Hebrew at tlu' Univer 
sity of Prague, a Roman Catholu* tluo’ogaii ot high 
jiosition but dubious learning, liad lor some yiars uss.steil 
the- Hungarian anti s witli rcf^htufih of E.sen 

menger’s Ettt^hrkfei^ Judenthnin (Frankfuit a/M 1709;. 
In 1881 he inadi* a solemn de]>os t on before tin Siqireiin* 
(yourt accusing the Jew’s of l)eii)g bound by their *aw to 
w’oik the moral and physical ruin (>f non Ji‘ws. lb* 
followc<l this up with an offer to <le]K>se on oath tliat tin 
murder of Christians for ritual jairposis was a doctrine 
secretly taught among Jews. I’lofissor l)elii/,.s(*h and 
other eminent Hebiaists, both Chiistiaii and JeWiSli, 
<*xposed and denounced tlu* ignorance and inalexoleiicc ot 
Rohling, but w’cre unable to sLt*m the mischief he wa.s 


legislallon imposing d sabilities on the Jew’s. In 1878 
the B rlin Congress agreed to recognize the indejicndence 
of Rnmania on condition that all religious disabilities were 
removed. Rumania agreed to tli.s condition, but ulti- 
mati‘ly jiersuaded tlie Pow’irs to allow’ her to cany out 
the c*mancq)ation of the Jew’s gradually. During the 
yi‘ars which have elajisod since then, the condition of the 
.lew's has b(*en in no way unproved. Their emancipation 
is as far off as evt'r, and thi'ir disabilities are heavier than 
thos * of their brethnm in Russ’a. For this state of things 
tho example of the anti-Semites in Germany, Russia, 
Austria, and France is larg.'Iy to blame, siin'e it has justi- 
fied the intolerance of the Ruinans. C)wing, also, to the 
fact that of late years Rumania has become a sort of 
annexe of the Trij>le Alliance, it has lx.»eii found impossible 
to induce the signatories of the Berlin Tn*aty to take 
act* on to compel the state to fulfil its obligations under 
that treaty. 

In Austria-Hungary the anti -Semitic impulses came 
almost simultaneously from the North and East. Aln'atly 
in the ’seventies the doctrinaire anti-Semitism of Berlin 
had found an echo in Buda})est. Two members of the 
Diet, Victor istoezy and Geza Onody, together with a 
publicist named Georg Marczlaiiyl, busied themselves in 
making known tho doctrine of Marr in Hungary. Marc- 


eausing. In April 1882 n (Mirjstian girl named Esther 
Sobymossi was misscil tiom tlu* Hungarian villagi* of 
Tisza Esz^ar, w’here a small cominnnit} of Ji‘ws wue 
a*ttled. The rumour get abioad that she had been k d 
nap|)ed and niur<lcr(*d hy thi* Jews, but it leinained the 
burden of idle gossjj), and gave rise to neither judic a.1 
eoiui>laint nor i>ublie disoiders. At this moment the 
question of the Bosnian Pacificut on <‘ridits w’as lx lore the 
Diet. The uupopulailt} of the task assumed by Austria 
Hungary, under the Tn aty of Berlin, which was ca'culatul 
to strengthen the disaffected C5oat element iii tin* enqnip, 
had reduci'fl the Govi*ruint*iit majority to very small pio 
portions, and all the reactionary facl.ons in the (*ouutry 
were accordingly in arms. Tlie (Jovermuent was violently 
and unscrujnilously attacked on all sid< s. Gii the 23ul 
May there was a debate in the Diet wluii M Onody, iii 
an incendiary harangue, told tht* story of the niiss ng girl 
at Tisza Eszlar, and accused iiiiiiist(‘is of ciiminal indub 
genct* to races alien to the national sjiiiit. In tlu* then 
exciti'd state of the jiublic mind on tlu Croat (luest on, 
the maruvuvre w’as adroitly eoiiet*ivcd. The (iovi*rninent 
fell into the trap, and treated the story witJi lofty disdain. 
Thereupon the anti-Semites set to work on the case, and 
M. Josejdi Bary, the magistrate* at Nyiregyhasa, and a 
noted ant* -Semite, was induced to go to Tisza Eszlar and 





ANTI-SEMITISM 


478 

iiiHtltute ail inquiry. All tii(* aiiti-L'.b.^ral elements in tlie 
country now U'canie 1 landed together in this effort to 
4li8crc-(lit till Lib.Tiil (ioverument, and for the first time 
tilt; llunganan anti S 'iJiit -s found themselves at the head 
of a jiowerful l»arty. Filt/eeu Jews wore airested and 
tlirown into piison. No jia.ns were sjiared in jirejiiiring 
the eas* lor tria’. J*erjuiy and even foig«*ry were freely 
r« 'Sort'd to. T/ie son of o le of the accused, a hoy of 
fourt 'Oil, was tak'*n into custody by the poliei', and by 
tlin*atsand cajoleries jireva’.led iqion to give evidence for the 
]»roH •eiition. II' was elaUiratoly coached for the terrible 
rMc he was to j»lay. The trial opeiicd at Nyiregyhasa on 
t!ic IJHh fJun and lasted till the lird August Jt was 
on • of the most druniatic vnii^eH rtVfV/ms of the cenfury. 
Uud*! till* brilluiut cioss-exam illation of the iwlvocates for 
the d 'tcnc4* tlu whole of the shocking cons|i:racy was 
graluaily I'XiMwd. The ]>ublic j»ros eiitor tliereii])on 
w.llidrew fiom the case, and the four jmlges the cliuf of 
wlioiii held strong anti S 'initic views --unariimously ac- 
<ju ft 'll aM the jinsoners. The i'as«* proved the <hatli-b!ow 
of Muiiganaii anti S uuitism. Although another ]>has" 
ol the .Jcw.sh qu'stion, wlr.cliwill be rct'Tretl to pres'iitly, 
ha I still to oceupy the ]>ul)lie min<l, the sliainc brought on 
till* iiat-oii by tlie Tjszii Ks^lar eonspiiacy elfcctuall^ jav- 
vented the aiiti-S ’inites from ra*s ng their voicea with any 
eff'ct aga ii. 

M anwliile a inoie formldabli and coin]>licatcd outbuist 
was jireparing in Aui.tnu its'lf. Here the lines of the 
(j'liiian agititioii w tc ehisely lollowed, but With far more 
ilraiiut c results. It was exclusively polite.il —that is 
lo say, it app »i!ed to ant. Jewish jaejiidices for jiaity 
purpoN'S while it sought to rehiibilitat ‘ them on a 
ps 'inlo se, entitle, rueiah and eeoiioinic has s. At fiist it 
was c<ialine<l to s]H)]adic jMinphh'tecis l>y their side 
t!i *re gi'a liially grow up a selunJ of (Minstian Socialists, 
iL'cniit 'd froiu tin' u'lia elei ic i!s, io. tlie study and ajipli 
cat.on ot the (loetiMu's jireaelK'd at May<'nce by Aieh- 
li.shop K 'It 'ler. 'FhiS e«»n^t tut 'd a eoinjilefe Austrian 
aiia’ogu • to the Kv.uig'heal Socialist ni<»veiiieiit stalled in 
(jJcTUiany by 11 rr SLo -ekei. K<ii soni ' years the Iwhi 
luovein •Ills reiiia iie<l ile'liuet, but s giis of a])]iio\imat.ou 
w\'re early v.s ble. Thus one of the liist eomplaiuts of 
1h ' .I’ll. S 'lu t 's w.is lliat the ,K ws wen- bi eouung mast ‘r» 
oi L U5 so.l. Tills found an echo in tlu' agianan ]»rincij>les 
of tlieC iristian Socialists, a->t xpouialed by Uudolpli Meyer, 
in which indiVKlualisiii in landed piojierty w<is a<lin.t b d on 
the eoudiliou that the land owneis were “the tainilies of 
tile nation ” and not “ co'-.iiiopobtan finaiica is ” A fiiitlier 
111 beat. on of aiiti S ‘niitism is fouial in a spiseii deliverul 
in 1S78 by 1 Vince Alo.s von Lieeht 'iistein (b, IHjtJ), 
the mod j»roiument (bse.])lo of Ibidoljih Mtyer, who 
d 'iioiinc ‘d til ‘ nat.ona! debt as a tribute paid l»y the state 
to eo.suio}H)!itaii rrtiiurii (Nilti, CnthoUf Sonahiim, j»]i. 
LM) ), iMIl, iMl, lMU). Till* growing disouh'r lu juirba- 
m ' 111 , due to tile bitt »r struggle between the (lermau 
and (V. *e.li paities, seived to bring anti S iiiitisin into 
the ii 'Id ol praet eal politics. *Sinoe IS07 the (h*riuan 
L berals ha 1 b 'en in jHWver, Thi'y Jiad made enemies of j 
tlie clencals by tanij>enng with the eoncoidat, and they had 
.split up their own ]iait,\ by the federalist [Kilicy adopti'd by ’ 
Chiuiit Taaffe. The lladieal s 'eessioiiists in then turn found 
it ddheult to agree, and an u’tia-nat.oiial Cleiiiian wing 
foim 'd its'If into a separate ]>arty under the leadership of 
Ritter \o,i Sehonerer (b ISI'J), a Radical nationalist of 
the most violent type. In ISSJ two aiit.-Suiiit’.e league a 
laid b*en founded in Vienna, and to these the Raibcal 
n.ittona lasts now aiqiealed for supjiort. TJie growing ini-. 
jMirtance of the }>arty led the ]»reinier, Count Taaffe, to 
4iJig’c for the .suppoit of the clericals by accepting a j 
2 »oition of tlie (Miristian Sot* alist jirogranimc. The] 


hostility this excited in the Liberal press, largely written 
by Jews, served to bring the feudal Christian Scxsialists and 
Radical anti-Semites together, lu 1891 these strangely 
assorted factions became consolidated, and during the 
elections of that year Prince Ijiechtensteiu came forward as 
an anti-SemItiC candidate and the acknowledged leader of 
the jiarty. The elections resulted in the return of fifteen 
anti-Semites to the Reiclisi'ath, cliiefly from Vienna. 

Although Prince Liechtenstein and the bulk of the» 
Christian Socialists liad joined the anti-S ‘mites with the 
sujiport of the clerical organ, the Vaterlaiid, the clerical 
Jiarty as a whole still held aloof from the Ji*w-baiters. 
Thi‘evt*nts of 1892-95 jmt an end to tlieir hesitation. The 
lluiigaiiaii Covernmeiit, in cc)Ui]i1iaiiee wdth long-standing 
jiK'dges to tlie Liln'ral jiarty, introduced into the J^iet a 
series of ecclesiastical reform JfiJIs providing for civil 
marriage, fn'cdom of worsliiji, and the legal recognition of 
Judaism on an equality with other deuouiiiiatious. These 
jiiojiCKsals, w’hieli syuelironized wuth Ahlwardt’s turbulent 
agitation in Cermaiiy, gave a great iinjiulse to auti- 
S *mitisni and s Tved to drive into its lauks a large number 
of eleri<*als. Tlie agitation wa.s taken in liand by the Roman 
CatliOiic clergy, and the jiulpits every Sunday resounded 
with denunciations of the Jews. One clergyniau, Father 
] )i'ckert, was jirosecut 'd for jireacliiiig the RJood 
Accusation and convicted (1894). Cardinal Sclilaueh, 
bishop of Crossw^ardi'in, declared in the JJuiigarian House 
of Magnates Ihat tin* Jjiberals were in league with 
‘‘cosmopolitans^’ for tlie min of the eountiy. In Octolier 
1891 the Magnates ado]»ted tw’o of the ecelesiastical Bills 
w.tli amendments, but threw out the Jew'ish Bill by a 
majoiity of six, TJie ciown snlid with tlie Maguates, 
and the ministry ivsigned, although ii had a lUiijority in 
the Lower House. An effort was made to foi'm a clerical 
cabinet, liut it failed. Baton Rauffy Avas thin entiustiHl 
A\ith the coiistruetjou of a fresli Libeial ministry. The 
announcement that he would jH'isst with the eeclesiastical 
B.lJs, lashed the clerica's aiul auti-S 'luites into a fury, and 
tlie agitat.ou broke out afresh. The jsijie addressed a 
letter to C’omit Zichy encouraging the Magnates to resist, 
and oiu'i* inon' two of tlie B.lls W'ere amended, and the 
t’lird rejei'ti'd. The ]>a]»al nuncio, ^Igr. Agliardi, now" 
tliought projier to jiay a vi.Mt lo Budajiest, w"here he 
allowed liimself to be intiTViewed on tlie <*risis. This 
iiiterferi'uce in the dou^'si.c eonc.Tns of Hungary was 
<l *e|ily re.si'iit *d by tlie Liberals, and Bai on Banffy reiiuested 
Count Kalnoky, the iinjienal miuisti i of foreign affairs, to 
jiroU'St against it at tJie \hitieaii. (Viunt Kalnoky refused 
ami tendered Ids resignation to the emjiTor, Clerical 
sy 111 ] »at hies Avere jiredominant in \'ienna, and the emperor 
Avjis imluced fora moment to deeiine the count’s resignation, 
Jt soon became clear, however, that the Hungarians were 
lesolved to sei' the crisis out, ami that in tlie end Vienna 
A\ould lie couijielled to give way. The emjieror accordingly 
retraeetl Ids stejis, Count Ka’uoky’s resignation Avas accepted, 
the jiajial nuncio A\as rei'alleil, a batch of new Magnates 
were c*reated, and thi' Huiigariau eeclesiastical Bills passed. 

Simultam ous’y Avith this eiisis another startling jihose 
of the anti Sv-milie drama Avas being eitacled in Vienna 
itself. Juicouraged by the sujqiort of the clericals the 
anti-fScuaites resolved to make an effort to carry the 
Vienna muideijial elections. So far the alliance of the 
cleri<*als Avith the anti-S..mites liad been unotficial, but 
on the eA"e of the elections (Jan. 1895) the jsijs*, iiifiuoiiced 
jiartly by the Hungarian crisis and jiartly by an idea <if 
(.Cardinal Ramiiolla that the best antidote to Democratic 
S(x*ialisiu would be a clerically controlled fusion of the 
Christian Socialists and anti-Semites, sent his blessing to 
Prince Lii'chtcnstcin and his followers. This action 
alarmed the Government and a considerable body of the 
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liigbor episcopate, who felt assured that any iK'riiiau- 
ent encouragement given to the aiiti-Hemitefi would 
strengthen the parties of sedition and disonler in tlie end. 
Cardinal Schoenborn was despatched in haste to Ibimo to 
exj> 08 tulatt^ with the ])ontiif, and his re]»resi*ntatioiis wei\‘ 
strongly supported by tlie French and Belgian bishops. 
The mischief was, liowever, done, and althougli the ]>ojm» 
s ‘lit a verbal irK'Ssage to Prince Lieehk‘nsb*in excluding thi‘ 
anti Semites from his blessing, the eJeetious resulted in a 
“great triuinjih for the Jew-haters. The municipal council 
was immediately dissolved by the (iovermueut, and new 
eltctions were ordered, but these only stn'iigtliciietl tlie 
])()sitioii of the anti-Sc*mik‘R, wlio carried 9'J seats out of a 
total of 138. A cabinet crisis followed and tlie ])reinif‘rshi]» 
was entrusted fco the Statthalttu- of fialieia, Count lUdeni, 
wdio assumed olfi<*t* wdth a jdedge of w^ar to tlie knih* 
against anti-S ‘initism. In ()clolM*r the new" nmnici]»al 
council el(‘cted as burgomaster of Vienna J)r Kail ljueger 
(b. 184:4^, a vehement anti -Keiniie, W’ho liad displaci‘d 
I’rince Liechtenstein as It‘ad<T of the ])arty. The eiii]ieroi* 
declined to sanction the election, but the <‘ouncil rt]»eated 
jt in face of the iin])erial dis[)h‘asure. Once more a dis . 
solution was ordered and for three months the city w*as 
griveriied by administrative coiiniiissionors. In Febiuaiy I 
1(S9C elections were again lield and tlie anti-Stunit(‘s wi‘re 
returned with an increased majority. Tin* emiMTor then 
eapitulali‘<l ; and after u tt‘in]>orary airangemeni, hy w'hich I 
for on^^ year Dr Linger aetoil as vIee-buTgomasU'r and | 
handed over tli(‘ burgomastershi]) to an iiioflensive nomiiK'e, 
]).‘rmittt‘d the luunieipal eouncil to have its w'ay. The j 
giownng anarchy in parliament at this moment s'rvcd .•^tdl 
furtlier to stnuiglhen the anti Semites, and their con(|ni‘St 
<»f Vienna was s[)eedily fodow^ed l»y a not less striking coii- 
of tJio landtag of Lowit Austiia ( Novemhei ISIMI;. | 
Tile zenith of their jwiwt'r w^as reached in March 1 897, when, ^ 
at t]n‘ gen Tal ehrtion for the ]l'‘ichsratli, twenty-i ight , 
anti-Semites and forty-one Clenimn clerK’als wvre elecl'‘d | 

Since th(‘n a r< sv'tion of sanity lias gradually hut surely 
aswTted itself. F(»r live years the anli*Seiniti‘s lane (1901 ) | 
goV'Tn<‘d Vi(*niia, and, although tiny Jiave aeeoinjilislied 
inueh mischief, the milleiiniuin of wdiieli t lit y were sujijiosmI 
to bt* the heralds has not dawmed. On the central y, the 
eommercial interests of Hit* city Jiave sulTered aial the | 
latt'S have been enormously increased (AVmc Ftriv /*/v^.sc, 
29th Mircli 1901), wJiiIe tlie predatfuy ho])es w'lnch 
secured them olliee have oidy been realized on a small and 
S‘h‘ct scale. Tlie sjieetach* of a elerico anti-»S'’iuitic Tam- 
many in Vienna has strengthened the iwsislance of tJie 
I»etler (‘It'iuents in the country. Time has a\so shown that 
Cliristian Socialism is only a tlisgiiise for high Toryism, and 
lliat the (iennaii Badieals wdio w'ere originally indue<*<l to 
join till* anti Smiites have been victimized hy the clericals. 
The fruits of this disillusion began to show" themselves in 
the g('U(‘ral eli etions of 1900-01, wJien the anti S ‘inites lost 
six seats in the llt‘ichsiath and tlie clericals four, wdiile 
the national (Jerman Itadica^ radied again into .ui inde- 
]) iident and auti-eleneal ])ai*ty under Bitter von Sclumcivr, 
gained thirteen seats, ^riirc'c of the const it ui'iMjics lont to 
tiiii anti-S ‘initcs were in Vienna, and the total poll in llicir 
favour aU over the city show'ed an eiioiiiious reduction. 
Till* elections were followed (2Cth January 1901) by a 
jiapal eiieyelical on Ciirisiian democracy, in w'hicli Cluibtian 
Socialism w"as dcclan‘d to be a t‘rm uiiaccejitabk* to tlie 
Ciiiireh, and the faithful were ailjurcd to abstain from 
agitation of a demagogic and re volutionary chaiaeter, and 
‘‘ to respect the rights of others.” 

The last country in hlurojie to make use* of the kachings 
of German anti-Beiiiitism in its party jiolities was Fiance. 
The fact tliat the movement should have struck root in a 
republican country, wdicrc the ideals of democratic freedom 
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liavo been so jiassionately cuUivat d, has birii n garded a.s 
one of the paradoxtjs of our lalter-day history. A.s a 
matter of fact, it is more sui prising that it was not adopti d 
earlier. Ad the social and jsihtical comlitions which 
]»roduco<l auti'iSeiiiitisiu in (lermany were i»reserit in Fiiince, 
l)Ut in an aggravated form due ]uimanly to the M iy 
republican reijimt w'hich at Jirst siglit M*rnnd to be u 
guarantee against it. In the inoiiurchicul states 
the dominance of the bourg<‘ois e was I iniH rcd in 
a measun* by the j»ower of tin* (hown and the jx.dtual 
activity of the aristociacy, which caiiied wuth them .i \i*ry 
real restraining infiueneL* in tin* mall ‘i of political lionoui 
and morality In France these rcstt.nnnig inllucneis were 
driven out of ]iul>lie lib* by the n'public. I’he nobility 
]»oth of the ancicn nyunv and the i injure stood aloof, and 
j>olit ICS were abandoned lor tlie most jiait to jirofrssional 
adventurers, W'hile the boing-oisie ass. lined the fonii of an 
o:nni})ok*nt ]>lutocracy. This natmall;v attiaetcd lo Fiance 
all the iinancial adMuitiiieis in KiirojH*, and in tin* train of 
the iiimiigrution came not a few* ({nnian .lew.*., alitnated 
from their own count'. y by the agitation of Man and 
Stoecker, Tims the boingeiu.sie was not only innic j»ow« i- 
fid in France than in other coun^ins, but tiic obuoxioiis- 
neas of its Jewish element was uceenluateil ly a tinge of 
the national eiu'iny. The anti cleiu-alism ol iJie 1m ip geo’s 
rejiublic and its uiiexaiii|>Icd s rus of tiiianciai scanda’s, 
cuhiiinating in the Fanama Kviv-h^ tlms siiniet d to give 
anti-Semitism a strong hold on tlie jmblic mind. 

Nevertheless, it was not until 1SS2 that the anti-Ji‘wi.di 
movement w'lis seiiously Jieaiil of in lhanc . M. I’liul 
Bontoux (b. lH2d), who liad formerl} b en in tin eni]»lo} 
of the Bothschilds, but had b(*en oliliged to ha\'‘ the lirm 
in coiiHeijuence of his dis,istious s|> M'ul.itioiis, liad joined 
t!ie Legiiimist jiaity, and had slaited th(‘ I nion (hhuh’ale 
with fuiiils obtained fjom his n(*w' aMl(^ M. Ihnitoux 
juoniisi’d to hieak U]> the alleged tinaneial iiionopo'y ol ila- 
dews and Protestants and to ioiind a new jilntoeiaiy in its 
stead, W"hich should Ik* mainly Boinan (\itli<»]je .uid aiisto- 
ciatic. The bait w'as eagerly sw’allow cd. I'oi li\ e \ ^ a' s tin* 
Fnion (Jthieiale, witli tlie blessing ot the j*ope, ]>nisu«‘d an 
a]>]Mirently ]»ros])erous careei. liiimens* sehenn s wue nn 
d ‘itakeii, and the 12o 1i shan s lose giadually to 3JU() 
fiancs. The whole stiuetuic, howevei, P^tid on a luiMs 
of amlacious speculation, and in damiaiy 18S2 tlie Ihnon 
(Jenerale failed, with liabilities ainounting lo 212,(100,000 
francs. The ciy w^as at one* lais d that liie A$uch was 
due to the mana*uvn s of the Jew.*-, and a stiong aiiti- 
I S ‘initic feeling manifested its U in eh iie.il and aiisto- 
I ciatie eiielos. In IsSO moIuiI exjiussiun w.i.s given to 
t ns feeling in a book sine become laiiious, L<t France 
tfuivc^ by M. Kdouaid Dinmont (b. 18 Jl) ^J’Jie autlioi 
iliustrakd the theoius ol (Jeimaii u;iti S initisiii with a 
c/ironu/ve svantfaft iiac tull uf jncjiiaiil jn i.soiialitn s, in 
winch the eoiriiptimi ol Fn ncli national lilt' undei Jiwish 
iiillueiiees wiw paint d in a’aiming i-o’ouis. The l»ook 
was read with avidity ]»y the j>nl>lic, wJio w’eltonud its 
explanations of the oliviously glowing di baiicln ly. The 
AViIsoii scandals and the suhpi'iision of the I'aiiaiiia Coni- 
jrtuiy in the following vai, while not bLaiing out M 
Diuinont's antiS mitisin, fully justilied his mvw ol the 
prevailing coriujition. Out of this condition of tilings 
lose the Boidangist iiiovciiieiit, winch lalls’d all the dis- 
aUcctcd elcnii'iits in the count’ y, iiiclmliiig 1\I Diuinont’s 
following of anti Seiiiit' s. Jt was not, liow* v< r, until the 
flight of (Jen ‘lal l5on!aiig{'r and the rnin ol his J>aity that 
auti-Bemitisin eaiiie foiwaid as a j>olitn*al iiioMiiient. 

The chkf author of the rout of Boulangisni was a Jewish 
politician and journalist, ]^I. Josejih Ituiuch (b. 1830), 
fonner’y jaivate s eietui}" to M. (J.inibctta, nrid one ol the 
tthii st men ill J lance. Jle was a Frenciiniiin by biitli and 
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education, l>ut liis fatlier and uncles were Gennans, who 
had founded an iin])ortaiit lianking establishment in Paris. 
Hence he was held to jiersonify the alien Jewish domina- 
tion in France, and the ex Boulangists turned against him 
and his co-religionists with fury. The Boulangist agitation 
had for a second time involved the Legitimists in heavy 
pecuniai-y loss 's, ainl under the leadership of the marquis 
de Moies th(*y now threw all their influence on the side 
of M. Druinont. An anti-Semitic league was established, 
and with Royalist assistance branches were organized all 
over the country. The Franco-Hussian alliance in 1891, 
when the j)ersecutions of the Jews by M. Pobyedonostzeff 
wore attracting the attention of Europe, servecl to invest 
M. Drumont’s agitation with a fashionable and patriotic 
character. It was a sign of the spiritual a]q)roximatiou 
of the two i)(»oples. In 1892 M. Druinont founded a daily 
anti-8 ‘iiiitic newsjiaper. La Libre Paroh. With the 
oiganization of this journal a regular catiipaigu foi* the 
discovery of scandals was instituted. At the same time a 
body of aristocratic swashbucklers, with the marquis de 
^lortjs and the count de Lamasc at their head, set them- 
sjIvos to ti?rron740 the Jews an<l provoke them to duels. 
At a meeting held at Neuilly in 1891 M. Guei in, om* of the 
marquis de Mores^s lieutenants, had demanded rhetorically 
un cadavre de Jaif, He had not long to wait. Anti- 
Semitism was most powerful in the army, wdiicli was the 
only branch of the public sTvice in.whidi the reactionaiy 
classes were fully represented. The rejuiblican law' com- 
pelling the seminarists to serve tluur term in th<‘ army 
had strengthened its clerical and Royalist ehmicnts, and 
the result wus a movement against the Jewi.sh oftiems, 
of whom 500 held commissions. A series of articles in 
the Libre Parole attacking tlies • ofHceis led to a niimbei of 
ferocious duels, and th<*se culimnattMl in 1802 in the di‘ath 
of an amiable and pojmlar Jt'wish ottieei, Captain Armand 
Mayer, of the Jhigineers, w'lio fell, piereeil thiough the 
lungs by tile marquis (h* Mores. Tins trag(‘dy, rendere<l 
all the luonj painful by the discovery that Caiitam Mayer 
had chivalrously fought to shield a friend, aioused a great 
dull of ])o]ni1ar indignation against the antHSemit ^s, and 
for a moment it w'as iK'iieved that the agitation had beiui 
killed with its victim. 

Towaids the cml of 1892, the discovery of the wide- 
spread coriuption pmetised by tlie Panam.i Company gave 
a fresh iinimlse to anti-Semitism. The ivv'elations were in 
a large measure due to the industiy of the Libre Parole , 
and they wi*re all the more w'elcouie to the readers of that 
journal since it w'as discovered that three Jew'.s were 
implicatMl in tJie scandals, one of ^^hom, baion de 
Ueinach, was uncle and fatlu'i-in-law' to the hated 
destroyer of Roulangism. Tlie escap - of the otluT tw'o, 
Dr Heiz and M. Arton, and tin* difficulties experienced in 
ohtaiidng their extradition, d(MqK»m*d the j»opulai convic- 
tion that the authorities W’ere iinplicated in the scandals, 
and kept the public eye for a long time absorbed by the 
otherwise restricted Jewish aspects of the scjandals. In 
1894 the military side of the agitation was revived by the 
arrest of a prominent Jew ish staff officei. Captain Alfred 
Dreyfus, on a charge of treason. From the iK’giniiing the 
hand of the anti-Semite was flagrant in the new' sensation. 
Tlie first hint of the arrest apiieared in the Libre Parole ; 
and before the facts had been officially conimunicated to 
the public that journal was busy with a campaign 
against the war ministei', based on the apprehension that, in 
conspiracy with the Juiverie and his republican colleagues, 
be might exert himself to shield the traitor. Anti-Semitic 
feeling was now thoroughly aroused. Panama had prepared 
the people to believe anything; and when it wasanuounct^ 
that a court-martial, sitting in secret, had convicted 
Dreyfus, there was a howi of execration against the Jews 


from one end of the countiy to the other, although tlie 
alleged crime of the convict and the evidence by which 
it W'as supported were quite unknowm. Dreyfus was 
degraded and transported for life amid unparalleled scenes 
of public excitement. 

The Dreyfus Case registers the climax not only of 
French, but of EuroiK»an anti-Semitism. It was the most 
ambitious and most unscrupulous attempt yet made to 
])TOve the nationalist hyjKithesis of the anti-Semites, and in 
its failure it afforded the most striking illustration of the 
dangers of the wdiole movement by bringing France to 
the verge of revolution. For a few months after the 
Divyfus court-martial there w'as a comparative lull ; but 
the highly - strung condition of popular passion was 
illu8trat(»d by a violent debate on “ The Jewish Peril ’’ in 
the Chamber of Deputies (25tJi April 1895), and by two 
outrages wdth explosives at the llothschild Bank in Paris. 
Meanwliile the family of Drt yfus, absolutely convinced of 
his innocence, were casting about for the means of clearing 
his character and securing his liberation. They w'ere 
w'calthy, and their activity unsettled the public mind 
and aroused the apprehensions of the conspirators. Had 
tln‘ latter know'ii how' to preserve silence, the mystery w ould 
j)erhaps have been yet unsolved ; but in their anxii ty to 
allay all suspicions they made one false step, which proved 
the bt‘ginning of their luin. Through their friends in the 
press they secured the publication of a facsimile of a 
document known as the Bordereau— a letter supposed to 
he in l)n‘yfus’s handwriting and addressed ajipareutly to 
tile militaiy attache of a foreign pow'er, which w’as alleged 
to constitute the chief evidence against the convict. It 
was hoped by this publication to put an end to the doubts 
of tht‘ so-called Divyfusards. The result, however, w'as 
only to give them a clu(» on which they w'orked with 
remarkable ingenuity. To prove that the Bordereau was 
not in Dreyfus’s handwriting w'as not difticult. Indeed, 
its aiithorshi]) was recognized almost on the day of 
publication , but the Divyfusards held their hands in 
ortler to niuki* as.surance doubly sure by further evidence. 
Meanwhile one of the officers of the gt*neral staff, Colonel 
Picquart, had convinced himself by an exaniiiiatioii of tlie 
do:^i,ier of the trial that a gross mibcarriage of justice had 
taken place. On mentioning his doubts to his suiieriois, 
who vven‘ animated paitly by anti Semitic feeling and 
2 )artl> by reluctance to confess to a mistake, he was 
ordered to the Tunisian hinterland on a dangerous expedi- 
tion. Biffore leaving Paris, liowwer, he took the jire- 
eaution to confide his discovery to his legal adviser. 
Harahsi‘d by their anxieties, the consi>irators made further 
communications to the new'sj)aper.s ; and the Government. 
questioiu*(l and l>adgered in pariiament, added to the revela 
tions. The new' disclosures, so far from stojiping the 
Dreyfusards, proved to them, among other things, that the 
conviction had been partially l>a.sed on doeuments wiiich 
hud not been communicated to the counsel for the defence*, 
and hence that the judges had been tampered with by the 
Ministry of Wai behind the prisoner’s Imck. So far, too, 
as these tiocuments ri*lated to correspondence with foreign 
military iittach«l*s, it w'as soon ascertaini'd tliat they were 
forgeries. In this w'ay a terrible indictment was gradually 
drawn up against the Ministry of War. The first step was 
taken tow’ards the end of 1897 by a brother of Captain 
Dreyfus, wdio, in a letter to the minister of war, denounced 
Major Esterhazy as the real author of the Bordereau. The 
authorities, supported by jiarliameiit, declined to re- 02 x*n 
the Dreyfus Cast*, but they orderi'd a court-martial on 
Esterhazy, which was held with closed doors and resulttd 
in his aciiuittal. It now became clear that nothing short of 
an a^ipeal to public opinion and a full exposure of all the 
iniquities that had been 2 >eriietrated w'ould secure justice 
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at the hands of the military chiefs. On behalf of 
Dreyfus, M. Zola, the eminent novelist, formulated the case 
against the general staff of the army in an open letter to 
the president of the republic, which by its dramatic accusa- 
tions startled the whole world. The letter was denounced 
as wild and fantastic even by those who were in favour of 
revision. M. Zola was prosecuted for libel and convicted, 
and had to fly the country; but the agitation he had started 
was taken in hand by others, notably M. Clemeuceau, M. 

• Keinach, and M. Yves Guyot. In August 1898 their efforts 
found their flrst reward. A re-examination of the docu- 
ments in the case by M. Cavaignac, then minister of war, 
showed that one was undoubtedly forged. Colonel Henry, 
of the Intelligence Dex)artment of the War Office, then con- 
fessed that he had fabricated the d(x;ument, and, on being 
sent to Mont Val^rien under arrest, cut his throat. 

In spite of this damaging discovery the War Office still 
persisted in believing Dreyfus guilty, and opj^osed a fresh 
inquiry. It was supported by throe successive ministers 
of war, and apparently an overwhelming body of public 
opinion. By this time the question of the guilt or inno- 
cence of Dre 3 rfus had become an altogether subsidiary issue. 
As in Germany and Austria, the anti-Semitic crus^e had 
passed into the hands of the political parties. On the 
one hand the Radicals and Socialists, recognizing the anti- 
republican aims of the agitators and alarm^ by the 
clerical predominance in the army, had thrown in their lot 
with the Dreyfusards; on the other the reactionaries, 
anxious to secure the support of the army, took the oppo- 
site view, denounced their opponents as mm patrie^ and 
declared that they were conspiring to weaken and degrade 
the army in the face of the national enemy. The contro- 
versy was, consequently, no longer for or against Dreyfus, 
but for or against the army, and behind it was a life- 
or-death struggle between the republic and its enemies. 
The situation became alarming. Humours of military 
plots filled the air. Powerful leagues for working up 
public feeling were formed and organized; attempts to 
discredit the republic and intimidate the Government were 
made. The president was insulted ; there were tumults 
in the streets, and an attempt was made by M. D6roul6de 
to induce the military to march on the Elysee and upset 
the republic. In this critical situation France, to her 
eternal honour, found men with sufficient courage to do 
the right. The Socialists, by rallying to the Radicals 
against the reactionaries, secured a majority for the defence 
of the republic in parliament. M. Brisson’s Cabinet trans- 
mitted to the Court of Cassation an application for the 
revision of the case against Dreyfus ; and that tribunal, 
after an elaborate inquiry, which fully justified M. Zola’s 
famous letter, quash^ and annulled the proceedings of 
the court-martial, and remitted the accused to another 
court-martial, to be held at Rennes. Througliout these 
proceedings the military party fought tooth and nail to 
impede the course of justice ; and although the innocence 
of Dreyfus had been completely established, it concentrated 
all its efforts to secure a fresh condemnation of the prisoner 
at Rennes. Popular passion was at fever heat, and it 
manifested itself in an attack on M. Labori, one of the 
counsel for the defence, who was shot and wounded on the 
eve of his cross-examination of the witnesses for the prose- 
cution. To the amazement and indignation of the whole 
world outside France, the Rennes court-martial again found 
the prisoner guilty ; but all reliance on the conscientious- 
ness of the verdict was removed by a rider, which found 
** extenuating circumstances,” and by a reduction of the 
punishment to ten years’ imprisonment, to which was 
added a recommendation to mercy. The verdict was evi- 
dently an attempt at a compromise, and the Government 
resolved to advise thq president of the republic to pardon 
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Dreyfus. This lame conclusion did not satisfy the accused ; 
but his innocence had been so clearly proved, and on poli- 
tical grounds there were such urgent reasons for desiring a 
termination of the affair, that it was accepted without ])rr>- 
test by the majority of moderate men. The explanation 
of the whole case is that Esterliazy and Henry were the 
real culprits ; that they had made a trade of supplying the 
Geiman Government with military documents ; and that, 
when the Bordereau was discovered, they availed theinselve.s 
of the anti-Semitic agitation to throw snsjiieion on Dreyfus. 

The rehabilitation of Dreyfus did not pass ivithout 
another effort on the part of the reactionaries to turn the 
po]>ular passions excited by the case to their own advan- 
tage. AfttT the failure of M. D^roulede’s attempt to 
overturn the republic, the various Royalist and Boulangist 
leagues, with the assistance of the aiiti-Semitc^s, organized 
another plot. This was discovered by the Government, 
and the leaders were arrested. M. Jules Gu6rin, secretary 
of the anti-Semitic league, sliut himself up in the league 
offices in the Rue Chabrol, Pans, which had lK‘(*n fortified 
and garrisoned by a number of his friends, armed with 
rifles. For more tlian a month the anti-Semites held the 
authorities at bay, and some 5000 troops were employed 
in the siege. The conspmitors were all tried by the Senate, 
sitting as a high court, and M. Guerin was sentenced to 
ten years’ imprisonment. The evidenci‘ sliowxd that the 
anti-Semitic organization had taken an active ]>art in the 
anti-republican plot (see the report of the Commission 
d’lnstruction in the Petit Tenipa^ Ist Novemlier 1899). 
This vigorous action of the Government, together with the 
moral effect of the Dreyfus Cast', has seriously weakened 
the anti-Semitic movement in France, and it has now com- 
pletely lost its hold on the public outside Paris. 

In symjiathy with the agitation in France there has 
been a similar movement in Algeria, W'^here the EurojK'an 
population have long resented the admission of the native 
Jews to the rights of French citizenship. The agitation 
has been marked by much violence, and most of the anti- 
Semitic deputies in the French parliament, including M. 
Drumont, have found constituencies in Algeria. As the local 
anti-Semites are largely Spaniards and Levantine riff-raff, 
the agitation has not the pc'culiar nationalist bias which 
characterizes Continental anti-Semitism. Before the energy 
of the authorities it has lately shown signs of subsiding. 

While the main activity of anti-Semitism has manifested 
itself in Germany, Russia, Rumania, Austria -lluugaiy, 
and France, its vibratory influences have been felt in other 
countries when conditions favourable to its extension 
have presented themselves. In England more than one 
attempt to acclimatize the doctrines of Marr and Treitschke 
has been made. The circumstance that at the time of the 
rise of German anti-Semitism a premier of 
Hebrew race, Lord Bc'aconsfield, was in power 
first suggested the Jewish bogey to English ^ic, 
jmlitical extremists. The Eastern Crisis of 
1876-78, which was regarded by the Libel al party as 
primarily a struggle between Christianity, as represented 
by Russia, and a degrading Semitism, as represented by 
Turkey, accentuated the anti-Jew'ish feeling, owing to the 
anti-Russian attitude adopted by the Govenmicnt. Violent 
expression to the ancient prejudices against the Jews was 
given by Sir J. G. Tollemache fciiuclair {A Defence of 
Jtuasiay 1877). Mr T. P. O’Connor, in a life of Lord 
I Beaconsfleld (1878), pictured him as the instruiiitnt 
I of the Jewish people, “moulding the wliole policy of 
1 Christendom to Jewish aims.” Professor Ooldwan Smith, 
in several articles in the Nineteenth Century (1878, 1881, 
and 1882), sought to q^nthetize the growing anti-Jewish 
feeling by adopting the nationalist theories of the German 
anti-Semites. This movement did not fail to find an 
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equivocal response in the speeches of some of the leading 
Liberal statesmen ; but on the country generally it pro- 
duced no effect. It was revived when the persecutions in 
Russia threatened England with a great influx of Polish 
Jews, whose mode of life was calculated to lower the 
standard of living in the industries in which they were 
employed. All danger was, however, averted by the 
Jewish communal authorities, who, by dint of great 
pecuniary sacrifices and an excc^llent international organiza- 
tion, managed to control the immigration. In 1883 Herr 
8toecker visited London, but received a very unflattering 
reception. Equally abortive attempts to acclimatize anti- 
Sjinitism have been made in Switzerland, Belgium, Greece, 
and the United States. 

Anti-Semitism has made a great deal of history during 
the last thirty years, but it has left no permanent mark 
on the social and political evolution of Europe. It is the 
fruit of a great ethnographic and political error, and it has 
spent itself in political intrigues of trans|jarent dishonesty. 
Its racial doctrine is at best a crude hypothesis ; its 
nationalist theory has only served to throw into striking 
relief the essentially economic bases of modern society, while 
its political activity has revealed the vulgarity and ignor- 
ance which constitute its main sources of strength. So 
far from injuring the Jews, it has really given Jewish racial 
s qiaratism a new lease of life. Its extravagant accusatiom^ 
as in the Tisza Eszlar and Dreyfus cases, have resulted in the 
vindication of the Jewish character. Its agitation gener- 
ally, coinciding with the revival of interest in Jewish 
history, has helped to transfer Jewish solidarity from a 
religious to a racial basis. Tlie bond of a common race, 
vitalized by a new pride in H(*brow history and spurred on 
to resistance by the insults of the anti-Semites, has given 
a new spirit and a new source of strength to Judaism at a 
moment when the a})proximatiou of ethical systems and 
the revolt against dogma were sapping its essentially 
religious foundations. In the whole history of Judaism, 
perhaps, there have been no more nuiniTous or remarkable 
instances of reversions to the faith than during the last 
thirty years. The reply of the Jews to anti-Semitism has 
taken two interesting practical forms. In the hrst place 
there is the so-called Zionist movement, which is a kind of 
Jewish nationalism and is vitiated by the same errors 
tliat distinguish its anti-Semitic analogue. It aims at the 
re-establishmcut of the Jewish state ; and. under the leader- 
ship of Dr Theodor Herzl (b. 1860) and Dr Max Nordau 
(b. 1849) it has found no fewer than a quarter of a million 
supporters, who are now definitely organized. In the second 
place, there is a movement represented by the Maccabseans’ 
Society in London, which seeks to unite the Jewish jicople 
in an effort to raise the Jewish chaiucter and to promote a 
higher consciousness of the dignity of the race. It lays 
no stress on orthodoxy, but welcomes all who strive to 
render Jewish conduct an ailequate reply to the theories 
of the anti-Semites. Both these movements are elements 
of fresh vitality to Judaism, and they are probably 
destined to produce important fruit in the near future. 

A s])lcndid spirit of generosity has also been displayed by 
the tie wish community in assisting and relieving the 
victims of the Jow-haters. Besides countless funds raised 
by public subscription, Baron de Hirsch founded a colossal 
scheme for transplanting ^xirsocuted Jews to new countries 
under new conditions of life, and endowed it with no leas 
a sum than £9,000,000 (see Hirsch, Moritz de). 

Though anti-Semitism has been unmasked and dis- 
credited, it IS to be feared that its history is not yet at an 
end While there are in Russia and Rumania six millions 
of Jews who are being systematically degraded, and who 
periodically overflow the western frontier, there will con- 
tinue to be a Jewish question in Europe ; and while there 
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are weak Govemmentf^ as in Austria and France, and 
ignorant and superstitious elements in the enfranchized 
classes of those countries, that question will seek to play 
a part in politics. 

Literature. ^N o iimiartial history of modem anti-Semitism 
has yet been written. The most conmreliensive works on the sub- 
ject, Isrtul among the Nations, by A. I^hoy-Beaulieu (1895), and 
Jj AntisimUume, son Histoire et ses causes, by Bernard Lazare 
( 1894), are collections of studios rather tlian histories. M. Lazare’s 
work will be found most useful by the student on account of its ' 
detached standMint and its valuable biblio^phical notes. A good 
list of works relating to Jewish ethnogra^y will be found at the 
end of M. Isidore Loeb’s valuable article, * * J uifs, " in the Dictionnaire 
Universel de Giographie (1884). To these should be added Jel- 
LXNEK, Der JMische Stamm (1869) ; Chwolson, Die SemUiaehen 
(1872) ; Nossio, McUerialien zur Stalistik (1887) ; Jacobs, 
Jewieh StcUietica (1891) ; and AndkEe, Sur Volkskunde der Juden 
(1881). A bibliogiuphy of the Jewish question from 1875 to 1884 
has been published by Mr Joseph Jacobs (1885). Useful additions 
and rectiheations will be found in tbo Jewish World, 11th Sep- 
tember 1885. During the last llfteon years the anti-Semitio move- 
lent has produced an immense pamphlet literature. Some of 
lese productions have already been referred to ; others will Ihj 
found in current bibliograjihies under the names of the personages 
mentioned, such as Stoeeker, Aklwardt, Ac. On tho Russian per- 
secutions, besides the works quoted by Jacobs, soo tho pamphlet 
issued by the Russo-Jewish Committee in 1890, and the annual 
rG]^)orts of the Russo- Jewish Mansion House Fund ; Lee Jnifs de 
RuasU (Paris, 1891); Report of the Commi^ioners of Immigration 
U))on the Causes which itwite JmmigrtUion to the United States 
(Washington, 1892); The New JErJxlus, by H\hold Faedekio 
(1892) ; Les Juifs Russes, by Leo Erueua (Brussels, 1893). The 
most valuable collection of facts relating to the persecutions of 
1881-82 are to be found in the FeuUles Jaunts (52 nos.), compiled 
and circulated for the information of the European press by tho 
Alliance Israelite of Pans. Complete collections are veiy scarce. 
On tho Rumanian question, see Bluntschli, lioumania and the 
Legal Statm of the Jews (London, 1879); Wir Juden (Zurich, 
1883) ; Sen LOSS, The Persecution of the Jews in Roumanta 
(London, 1885); ScuLOSS, Azotes of D format um {ISSQ) ; Sincerus, 
Jiufs en Rouinanie (London, 1901); Plotke, Die Rumhnischen 
Juden unter dem Fdrsten u, Komg Karl (1901); Dehn, Diplo- 
matic u, JSochJinanz in der Rumanisehen Judenfrnge (1901 ) ; 
CoNYBEAUE, Roumania as a Persecuting Power {Nat, Rev, 
February 1901). Oii Hungary and the Tisza Eszlar Case, 

600 , besides tho references in Jacobs, Nathan, Der Prozess 
von Tisza Eszlar (Berlin, 1892). On this case and the Blood 
Accusation generally, soo WiiiiiiiT, “The Jews and the Mali- 
cious Charge of Human Sacrifice ” ( Nineteenth CeiUuri/, 1883). The 
oiigms of the Austrian agitation are dealt with by Nrrxi, Catholic 
Socialism (1895). This uork, though inclining to anti-Semitism, 
should bo consulted for the Christian Socialist elements in tho 
whole Continental agitation. The mobi valuable source of informa- 
tion on tho Austrian movement is the Oesterreichische Wochen- 
schrift, edited by Dr Blucii. See also pamphlets and speeches by 
the anti-Semitic leaders, LiECHTENhTEiN, Lueuer, Sohoenerer, 
Ac. Tho case of the French anti - Somites is stated by E. 
Dritmont in liis France Juive, and other works ; tho other side 
by Isidor Loch, Beriiai’d Lazaro, Leoiice Rcyiiaud, Ac. Of the 
Dreyfus Case there is an cnoniious literatui'e, boo esiiecially tho 
miKirts of the Zola and Picquart trials, the revision case boforo the 
Court of Cassation, and the proceedings of tho Rennes court-martial ; 
also the valuable series of volumes by Captain Paul Marin, MM. 
Clemonceau, Reinach, Lazare, Yves Giiyot, Paschal Grousset, 
Urbain Gohier, Do Haimc, De Pressense, and tho remarkable 
letters of Dreyfus {Lettres d*un innocent). An English history of 
tho COSO has been published by Mr Conybeare, whoso articles and 
those of Bir Godfrey Lushington and Mr Maxso in tho Emotional 
Review, 1897-1900, will bo found invaluable by tbo student. On tho 
Almrian question, see M. Wahl in the Revue des Mudes Juives ; 

L. Forest, Naturalisation des Israelites Algiriens ; and E. Audinet 
in the Revue Oindrale de Droit Inlemationcd I*ublique, 1897, No. 4. 

A good summaiy of the aims and literaturo of Zionism will be found 
m the Nineteenth Centurjf, Aurast 1897. On the history of tho 
anti-Semitic movement fi^nerally, see the annual reports of the 
Alliance Israelite of Palis and the Auglo-Jowish Association of 
London, also the annual summaries publislied at the end of the 
Jewish year by the Jewish Chronicle of London. The connexion 
of the movement with general ^larty politics must bo followed in 
the newspapers. The present writer has worked with a collection 
of newspaper cuttings numbering several thousands and ranging 
over twenty years. A skeleton guide may be obtained by a caiutul 
study of Seignobos, HUMn Folitiqw de V Europe Cantemporains 
(1897), aided by HuzelVs Annual, and Schulthess, Europaischer 
Geschiehtskalenaer, 
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Antitoxin. See Bacteriology, II. 

Antivarl, or Bar, so called from its position 
opposite Bari in Italy, once a town of Turkish Albania, 
now Montenegrin, situated near the Adriatic Sea, 18 
miles N.W. of Scutari, and surrounded by a dense forest 
of olive trees. Its old Venetian castle suffered greatly 
from the siege by the Montenegrins in 1878, and is now in 
ruins. There is a good harbour (Pristan) for vessels of light 
draught, and a beautiful residence for the prince one hour 
distant from the town, which had at one time a considerable 
trade in the products of Albania, but is now of little 
importance. It is the seat of a Homan Catholic arch- 
bishop. Population, about 1500, mostly Albanians. 

AntOfaffMrtaLy a town and port on the Pacific 
and the capital of the Chilian province and department 
of the same name, situated in 23** 38' SO'' 8. lat. and 
70* 24' 39"' W. long., about 768 miles N. of Valparaiso. 
It belonged to Bolivia until occupied in 1879 by Chile, 
then at war with the former country ; its occupation was 
agreed to by Pern in 1884, and it was definitely ceded to 
Chile by the treaty of 1885. The x>opulation in 1895 
was 13,530 ; in 1898 it was estimated at 16,795. It is 
the head of the railway to Oruro in Bolivia, and most 
of the Bolivian export trade passes through it. The 
total value of the exports in 1897 was (Chilian currency) 
•1(4,237,841; of the imports, $2,187,171. In the same 
year the shipping which entered had a tonnage of 75,224 
tons. The value of the Bolivian mineral xiroducts exx^orted 
through it in 1898 was $29,994,914 (Chilian currency). 
The province of Antofagasta has an area of 47,918 
square miles, and had in 1895 a xnixmlation of 44,085. It 
is divided into three departments. In 1898 the marriages 
numbered 253, the births 1561, and the deaths 1093. 

Antonym, Giacomo (1806-1876), Italian Car- 
dinal, was born at Sonnino, 2nd Axiril 1 806, He was edu- 
cated for the priesthood, but, after taking orders, preferi’ed 
an administrative career. Created secular prelate, he w^as 
sent as apostolic delegate to Viterbo, where he early mani- 
fested his reactionary tendencies in an attempt to staiiqi 
out Liberalism. Hecalled to Home in 1841, he entered the 
office of the x^axial secretary of state, but four years later 
was appointed pontifical treasurer-general. Created car- 
dinal (11th June 1847), ho was chosen by Pius IX. to 
preside over the council of state entrusted with the draft- 
ing of the constitution. On 10th March 1848 Antonelli 
became premier of the first constitutional ministry of Pius 
IX,, a caxiacity in which ho disx>layed unscrupulous 
duplicity. Ux)on the fall of his cabinet Antonelli created 
for himself the governorship of the sacred palaces in order 
to retain constant access to and influence over the Poxie. 
After the assassination of Pellegrino Hossi (15th November 
1848) he arranged the flight of Pius IX. to Gaeta, where 
ho was aiipointed secretaiy of state. Notwithstanding 
]>romises to the Powers, he restored absolute government 
upon returning to Home (12th April 1850) and violated 
the conditions of the surrender by wholesale imprisonment 
of Liberals. In 1855 he narrowly escaped assassination. 
As ally of the Bourbons of Naxdes, from whom he had 
received an annual subsidy, ho attempted, after 1860, to 
facilitate their restoration by fomenting brigandage on 
the Neax>olitan frontier. To the overtures of Hicasoli in 
1861, Pius IX., at Antonelli’s suggestion, 
famous “ Non jpossumus,” but subsequently (1867) acce|)tod, 
too late, Hicasoli’s prox) 08 al concerning ecclesiastical pro- 
perty. After the ^ptember Convention (1864) Antonelli 
organized the Legion of Antibes to replace French troops 
in l^me, and in 1867 secured French aid against Gari- 
baldi's invasion of x>apal territory. Upon the reoccuxiation 
of Home by the French after Mentaiia, Antonelli again 


ruled supreme, but upon the entry of the Italians in 1870 
was obliged to restrict his activity to the management of 
foreign relations. He wrote, with x»l>al api»roval, the 
letter requesting the Italians to occux>y the Leonine city, 
and obtained from the Italians x>S'yment of tlie Peter’s 
X)ence (5,000,000 lire) remaining in the |)apal exchequer, 
as well as 50,000 scudi — the first and only instalment of 
the Italian allowance ever accex>ted by the Holy See. At 
Antonelli's death in 1876 the Vatican finances were found 
to be in disorder, with a deficit of 45,000,000 lire. His 
Xiersonal fortune, accumulated during office, was consider- 
able, and was Ix^queathed entirely to members of his 
family. From 1850 until his death he interfered little 
in affairs of dogma and churcli discix3line, although he 
addressed to the Powers circulars enclosing the Syllabus 
(1864) and the acts of the Vatican Council (1870). His 
activity was devoted almost exclusively to the x>oliti<'Al 
asxiccts of the struggle between the x>ax>acy and the Italian 
Hisorgimento. (h. w. s.) 

Antrlnrip a maritime county of Ireland, province of 
Ulster, bounded on the N. and N.E. and E. by the North 
Channel, on the S. by Co. Down, on the S.W. by Lough 
Neagh, and on the W. by Co. Londonderry. 

PojnUatioiu — ^Thft area of tho administrative county in 1899 >\aa 
711,487 aci-CB, of which 22.'),92G wen* tillage, 358,080 jiasturc, 747 
fallour, 6140 plantation, 24,17U tnrf bog, 6538 niui*8h, 51,896 
barren mountain, and 37,990 water, i*oadb, fcnccK, &l. The new 
administrative county under the l^ocal Government (Ireland) Act, 
1898, includes the portion of the toixn of Lisbuni iormeily situated 
in Down, and the town of Carrickfergus, ioimoily ascpaiate count\, 
but does not include the i»ortiuu of the city ot Beliast tonnedy 
situated in Antrim. The }M)pulation in 1881 was 421,943, and in 
1891, 428,128, of whom 200,514 were males and 227,614 females, 
divided as follows among the different religions : Piesbytenans, 
180,375 ; Koman Catholics, 106,390 ; Pi*oteBtant Kiuscopahaiis, 
106,244; Methodists, 14,745 ; other denominations, 20,162. The 
increase of xiopulation between 1881 and 1891 was 1*47 ])cr cent., 
the largest percentage of inf;reuso m Ireland. The average number 
ol nei'sons to an acre was *56. Of the total {Kipulation 176,923 in- 
luiuitod the rural districts, Vicing an average of 205 iiei'snns to each 
stpiai’o mile under cixips and iiasture. In 1901 the ]io])ulatiun was 
461,240, showdiig an iiici'oase of 7 )»er cent. 

— The following Ubie gives the degiee of education 
in 1891 (excluding Belfast and Canicklergus) : — 
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In 1881 the iiercentage of illitciatcs among Konisn Catholics was 
24*0. In 1891 m the whole comity there weiv 5J bii|KMior schools 
with 3470 pupils (613 Komaii Catholics and 2857 Pioteslaiits), and 
735 pi imaiy schools with 67,446 iHqnls (15,419 Roni<in Catholics 
and 52,027 Pnitestiints). Tho iniiuher of pupils on tho rolls of tho 
national schools on 30th Septenibei 1899 was 80,943, of whom 
18,200 were Homan Catholics and 62,743 Protestants. 

The following table gives the number ot bnths, deatlis, and 
maiTiages in various yeare : ~ 


1 Year 

IHrths. 

1 Deaths 

Marriages. 

1881 

”12,869 

8484 

2631 

1891 ; 

12,459 

1 9,*i86 

' 321)5 

1899 

13,374 

9982 

3582 


111 1899 the birth-rate ]ier 1000 was 31 *0, and the death-rate 23*2 ; 
the rate of illegitimacy was 4*3 jicr cent, of the total birtlis. Tho 
total number of emigiuiits who left the county between 1st May 
1851 and 3l8t December 1899 was 249,354, of whom 144,538 were 
males and 104,766 females. The chief towns m the county are 
lielfast, 348,965; Lisburn, 11,459; Camckteigus, and Bally- 
mena. 

jidmitiistrtUim.--Tho county is divided into four parliamentary 
divisions — ^north, mid, oast, and south ; tho niunber of registered 
electors in 1900 being rcsjiectively 8600, 8219, 8886, and 10,381. 
llio rateable viduatiou in 1900 was £693,685, the county borough 
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of Btilfast being now rated se(>arately. By the LcKsal Government 
(Ireland) Ant, 1898, the hscaland administrative dutiea of the j^and 
jury (and to a legs extent) of other bodies wero transferred to a 
county council, urban and rural district councils were established, 
and under that Act the county now cominises six urban and eight 
lural sanitary districts. The same Act abolished the sefjarate 
county of the town of Oarnckfergus and constituted the cit} of 
Belfast a separate <•01111 ty. 

AgricuUitrr , — The following tables show the acreage iindHr crtijis, 
including meadow and clover, and the amount of live stot'k mlS.Hl, 
1891, 189f;, and 1899. The ligiues for 1899 are for the neu ad- 
ministrative county : ~ 
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Til 1899 the total vulut* of the ccical and olhci erojis %\aR 
estiinab'd by the Hcgistrar-t^eneial at The iiuml>cr of 

a»’ics under pasture 111 1881 was 840, 120; in 1891, ; and in 

1899, 3.')8,080. 
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' Pigs. 
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The number of milch co\^h in 1891 was 64 nefi, and in 1899. 
61,875. It is estimated that the total value ol cattle, sheo]). and 
pigs in 1899 was £2,305,016. 

In 1899 the number of holdings not exceeding 1 acre uas 2678 ; 
between 1 and 5, 2000 ; between 5 and 1«'5, 5346 ; between 15 and 
30, 5992; between 30 and 50, 3616; between 50 and 100, 2374; 
Ijetween 100 and 200, 556 ; between 200 and 500, 15.5 ; and above 
500, 46 — total, 22,793. The total nuinher ot loans issued (the 
number of tenants being the same as the nurnbei of loans) under the 
Land Purcliase Acts, 1885, 1891, 1896, u]> to 3l8t Match 1900, was 
8521, amounting to £1,134,873. The iiuiuber of loans sanctioned 
for agricultural iinprovemouts uiidei sect. 31 of the I^aiid Act, 1881, 
between 1882 amt 1900 w'as 132, and the amount issued was 
£11,415. The total amount issued for all classes of works under 
the Land Improvement Acts from the eoiiininncemeiit of o]ierutioiis 
in 1847 to 3lBt March 1900 was £138,203. 

Miiierah. —The following were the outputs of the various mines 
in 1899, — coal, 6111 tons, iron oi*e, 102,262 tons, value £16,01.') ; 
rock salt, 47,055 tons, value £13,.319 ; and alum clay, 8099 tons, 
value £1871. The output of iron ore has been almost eontiiiiially 
increasing, and the ])rorluction of alumina fiom alum clay forms a 
new branch of industry. The aluinina is pm])arcd at w^orks near 
Larne ; 1500 tons, value £28,000, liaving lieen extracted in 1899. 

Ftsherif's. - In 1899, 231 vessels, employing 476 hands, wore 
registered in the deep sea and coast fishing districts of Ballycastle and 
Carricklergus. 212 }>ei'hi)U8 were employed in the saliiion lislimg 
district of Ballycastle lu the same year. 

AlltrllTli a town in the above county, on the Six- 
mile Water, 13 jiiilos N.W. of l^elfast by rail, on the Groat 
Northern 1 tail way. It is governed by town commissioners, 
but, under the Loral Govornmont (Ireland) Art, 1898, cixu 
api»ly to bo constituted an urban sanitary ilistrict. Area, 
196 acres. Population (1891), 1385; (1901), 1825. 

Antwerp (French Anv€rR\ a city, port, and strong- 
hold of lielgium, capital of the province of the same name, 
on the riglit bank of the Scheldt, about 50 niile.s from the 
sea and 25 N, of Brussels by rail. The wall which, since the 
old fortirtcatioris were demolished in 1800, lia.s shut in the 
city wherever unprotected by the river, enrlosos the suburbs 
of Borgerliout and Borchem, and measures over miles; 
seventeen gates give entrance to the city, and twelve forts 
serve for the defence. The city has spread rapidly within 
recent years ; a new' quarter has sprung uji all along the 
line of the old fortifications, containing many handsome 
erections such as the new Art Gallery, the Law Courts, 
the National Bank, the National Theatre, and the Atho- 


meum. But it is the commercial importance of Antwerp 
which above all else distin^ishes the city. In this direc- 
tion the dock accommodation is still insufficient for the 
vast and still growing trade, though considerable exten- 
sions have been carried out, and the quays now stretch 
along the Scheldt for 2 J- miles. These are backed by large 
warehouses, on the top of which a fine promenade has been 
constructed, and behind these again ojien out thirteen 
basins of various sizes. Sixty ship]>ing lines have their 
headquarters at Antwerp, and in conjunction with numer- 
ous other linos which make it a port of call i»lace 
the city in communication with every part of the 
world. In 1880, 4495 vessels (2292 British) of 
3,063,825 tons entered the iiort ; in 1899, 5613 
(3013 British) of 0,872,848 tona Imports 
were valued at £49,700,000 in 1880, and 
£65,027,600 in 1899; exports at £16,533,000 
in 1880, and £32,615,000 in 1899. The jirincipal im- 
ports are now, in order of importance, grain of all kinds, 
raw textile materials (wool, cotton, flax, tkc.), mineral ores 
and metals, provisions, rice, animal products, and guano ; 
the princi|>al exports are glass-ware, wrought metal, rail- 
way carriages, cement, worsted and thread. Antwerp 
jiroper has nearly doubled its population within the last 
twenty-five years. In 1875 there were 148,800 inhabit- 
ants; in 1880, 169,100; in 1890, 224,000; and in 
1899, 282,000. Including the two suburbs of Borgerhout 
and Borchem, the total poimlation in 1899 was 338,800. 

The province of Antwerp (Fr. Anver9\ Belgium, 
between the Netherlands on the N. and E., the i>rovince 
of Liiubourg on the E., Brabant on the S., and East 
Flanders on the W., is formed of the ancient territories 
of the niarquisato of Antwerp and the lordshiT> of Malines 
and of a part of the ancient duchy of Brabant. The 
land spreads out flat and low. In large jiart Antwerp 
belongs to the sandy region known as the Campiue. A 
canal from Antwerp to Maastricht joins the basin of the 
Scheldt to that of the Meuse. Besides its iiiqiortant 
commercial centre of Antwerj), the j)roviuce carries 011 
the industries of shipbuilding, paper -making, woollen 
textiles, and cement. It is divided into the three adminis- 
trative arrondissemouts of Antwerp, Malines, and Turn 
hout. The province covers 1093 square miles, with a 
jiopulatLon in 1899 of 825,000 (or 753*7 to a square 
mile) again'Lt 531,750 in 1875. The arrondissement of 
Antwerp had a population in 1899 of 513,500, or 1367*5* 
per square mile. 

See Msrtknh kt Torfs. Geschiedenis van Kuo. 

Okns. llmtoire de la villa d* Anvers, — GfcNAim. Anvers d iravers 
Us dffca.-- Jiapnort de la Chambre de Commerce d* Anver s, 1898 ; and 
Anniiatre stalistiquc de la BelyiqttCj 1899. (j. nu F.) 

Anijraclha.pura« the chief town in the nortli- 


lapura, i 

central jirovinco of Ceylon, and the ancient capital of the 
island for twelve centuries from 437 b.c. It is an extensive 
“buried city,” now being gradually excavated under an 
archaeological survey by the government of Ceylon. Its. 
dagabas and other l^uddliist ruins excite much interest. 
It can be visited by rail and coach in two days from 
Colombo; but the railway is about to be extended all 
the way. Population — town, 3000; province, 79,022. 

Anzln, a town of France, department of Nord, ini 
the arrondissement of Valenciennes, H miles N.W. of that 
town, of which it is a suburb, on the railway from Somaia 
to Peruwelz. Its metallurgical industries are very exten- 
sive, and include several large establishments engaged in 
the manufacture of steam engines, machinery, chain-cables, 
and a great variety of heavy iron goods. The number 
of puddling furnaces in operation in Anzin and Denain 
in 1899 was 25. The output of coal in the same year 
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from the mines under the control of the Society d’Anzin 
was 2,973,000 tons, and the number of persons employed 
was 12,200. Population (1891), 11,394 ; (1896), 12,606 ; 
(comm.), 12,768. 

ApAltlOfty (1) a treasure-city, and stud-depot of the 
♦Solcucid kings in the valley of the Orontcs. Destroyed 
by Chosroes in the 7th century a.d. ; partially rebuilt and 
known as Fdmia by the Arabs; and overthrown by an 
• earthquake in 1152. The acropolis hill is now occupied 
by the ruins of Kalitt el-kludik. (2) In Phrygia. Founded 
by Antiochus Soter, near, but on lower ground than, 
<.!el8en8B. It was situated at the exit of the Marsyas from 
the hills, and became a seat of Seleucid power, and a centre 
of Greco-Iloman civilization and commerce. For a long 
jicriod it was one of the greatest cities of Asia Minor, but 
when the trade routes were diverted to Constantinople it 
rapidly declined, and its ruin was completed by an eaith- 
quake. An early Christian tradition, possibly arising 
from a name, Cibotua (ark), which the town bore, identified 
the neighbouring mountain with Ararat. The site is now 
]>artly occupied by Dinoir, which is connected witli Smyrna 
l)y railway, and there are extensive remains. (.3) On the 
left bank of the Euphrates, at the end of a bridge of boats 
{zeugina). The Til-Barsip of the Assyrian inscriptions, 
now llirejik. (4) The earlier Myrlea of Bithynia, now 
Muddnia, the port of Bnisa. 

HiTiscJfFKLP, “ttbor Celainai-Apameia-Kibotos,'* in Tranmr- 
tions of Bt'rlut, Acaiirmy^ 1876. — Hooahth, in Journal of HeJlemc 
ShulicH^ 1888. — Kamsay, Cities and Bislwjnncs of PhtygUty vol. ii. 
Oxford. 

Ap0ldlOOrai a flourishing village in the Nether- 
lands, in the province of Geldcrland, 17 miles north of 
Arnhem. The Protestant church, burned down in 1890, 
1ms been restored, and an aqueduct built ( 1 894) from the 
neighbouring hills. Population ( 1 900), 25,7 6 1 . 

AponninoSy the mountain backbone of Italy, some 
800 miles long by 70 to 80 miles in maximum width. 
The central chain, or main axis, of the Apennines may 
peibaps be regarded as a flanking range of a jirimeval 
centiul mass now sunk beneath the Tyrrhenian Sea, and 
the Aiman Aljis, a western outlier of the Northern A|)en- 
nines, and the mountains of Calabria, which are the oldest 
parts of the system, being composed almost entirely of 
4*ry8talline rocks, as surviving fragments of the same 
]>rimeval Tyrrhenian mainland. A])art from the Apuan 
Alps, the Northern Apennines consist ])rineipally of older 
Tertiary formations and younger members of the Cretaceou.s 
<‘poch, chiefly sandstones and marly slates, broken through 
in many places by rounded protrusions of gabbro and 
serpentine. These serpentine outflows occur again in the 
“ compartment ” of Potenza (province, Basilicata) in the 
south, but do not appear in the Central A]H3nnine8. The 
Central Apennines may be briefly desci ibed as consisting 
of a series of vast ellipsoidal outcrops of the limestone 
core (Cretaceous to Triassic) of the system, thrust tip 
above the broad base of younger formations, which flank 
it on cast and west. South of the Esino valley and the 
Ancona-Spoleto railway there are two clearly marked con- 
tinuing ranges, with parallel strikes, the western prolong- 
ing the Catria chain and the eastern culminating in Monte 
8an Vicino. On the whole of the east side of the Sibilline 
Mountains, one of the principal constituents of the Central 
Ai)ennines, there has been a gigantic subsidence, the face 
of the rupture showing a sheer vertical altitude of some 
6500 ft. The culminating peaks of this constituent range 
reach an altitude of 8125 ft. in Monte do Pretara and 
8010 ft. in Monte Vettore. There are snow- fields on 
various peaks of the Gran Sasso dTtalia, the next (going 
•south) constituent chain of the Central Apennines, as 
on Monte Corno (above 8530 feet), on Pizzo Intermesole 
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(above 8585 ft.), and on Monte Corvo (above 8550 ft.) ; 
and it is on the same chain, or rather mountain-knot, that 
the only glaciers, though in a rudimentary form, occur in 
the Apennines. They lie in the high valleys above the 
sources of the Arno, at altitudes of 5100 ft. and iqiwards, 
and in the valleys which feed the Vemujuaro (i.e., the 
Vomano), at altitudes of 6400 ft. and above. Ft may be 
mentioned that the last surviving tjhamois on tho Gran 
Basso is believed to have iK'tm shot in 1880. Monte 
Amaro, the culminating fKjak of thts Majella Mountaiiis, 
the next constituent chain, reaches an altitude of 9170 tt. 
Except for small (]uantities of anthracite and sulphur, tlie 
Ajienmnes contain no minerals, but j^ossess several mineral 
springs, of which tlie best known are those at Lucca, 
Moiitecatini, Ban Casciano, Porretta, and Tclesc. In 
very many ciiscs the valleys on the east of the Apen- 
nines diftbr from those on the west, in that they are not 
only shorter, but run transveisely to the main axis of the 
system ; whoreifis, on the west or Mediterranean side, they 
frequently lie parallel to the axis. The most nobible ox 
amples of the latter are the upp«‘r valleys of the Arno 
and the Tiber Above 3000 ft. the Apennines are in 
general bare and barren of vegetation, except for a little 
scrub and some scanty j^astiire in summer ; but below 
that limit their slopes are as a rule the revt»Tse, being well 
planted with vines, olives, cliestuuts, orange, cition, and 
other fruit trees, besides yielding the usual crops. Of the 
A|>ei)nine lakes, I^ake Fuemo was drained and made amen- 
able to cultivation in 1876, after more than tw'enty years' 
labour, and Lake Trasimeno was jirovided with a second 
outlet in 1896-98. The project of diaining the latUT, 
originally suggested by Napoleon I., has been repesitedly 
under consideration, but as yet has come to nothing. The 
lakes of Bolsena, Vico, Bracciaiio, and Albano lie west of 
the main chain, and are volcanic-crater lakes. The central 
ranges of the Ai)ennine8 exercise, as might be expect<?d, 
an important influence u])on the local climatic conditions 
on both the Adriatic and Atlantic versants. One con- 
se<juence of their position is that the extremes of tenq)era- 
ture diminish as one descends towards the cotist, as well 
as proceeds towards the south. On the Adriatic side, that 
is, in the provinces of Emilia (|)art), L mbria, the Marches, 
and the Abruzzi, the annual mean does not exceed 57“ F., 
the January mean 38’ 1“, or the July mean 75-2“. The 
difference iHjtween the absolute maximum of 100*1“ (at 
Forli) and the absolute minimum of 5“ (at C.imcrino) 
amounts to 95*4“. The higher pirts, us rc])reaented by 
Urbino (1481 ft. above sea-lcvcl) and Canieriiio (2177 ft.), 
have naturally a lower annual mean (53“) than places 
near the coast, siicli es Forli (163 ft.), Jesi (332 ft.), and 
Ancona (52 ft.), whose annual mean is 59*6“. On the 
Mediterranean side the annual mean is somewhat higher 
than the gerieml mean of the Adriatic side, namely, 57*7“ 
(Perugia, at 1706 ft., having a mean of 55*2", and Leg- 
horn, at 78 ft., 59*7“) ; but the January mean is ai»pre- 
ciably higher, namely, 41*5”, though the July mean is 
practically the twime, 75*4“. The range between the ex- 
tremes — 105*1“ at Florence and 12*2“ also at Florence — 
is also less, namely, Farther south, in Apulia, 

Basilicata, and Calabria, the annual mean is 58*1“ (Potenza, 
2711 ft, 50*2“ ; Lecce, 236 ft, 61-9' ) ; the January mean, 
42*9“ ; and the July mean, 75*1“. The extremes lie at 93*9“ 
(Lecee), and 13*6“ (Potuiza). Tlie heaviest rainfall occurs 
as rule in the higher mountainous parts ; for instance, at 
Urbiiio, an average of 394 inches falls annually (period of 
observations, 43 years); at Camerino, 384 in. (47 years); 
at Siena, 30 J in. (55 years); at Florence, 34 J in. (65 
years) ; and at Cosenza, 42 in. (19 years). But to this 
there arc some exceptions ; for instance, at Aquila, under 
the shelter of the Gran Sasso, the annual average is only 
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in. (20 years) ; and at Potenza, in the vaUey of the 
Basento, it is 24 in. (15 years). On the west side of the 
peninsula the rainfall is relatively heavier than on the 
east : at Rome, in. (69 years) ; and Naples, 32 in. 
(73 years) ; as compared with 26^ in. at Ancona (30 
years), and 23 in. at Lecce (19 years). The main chain 
of the Ai>ennines is now crossed or pierced by a dozen 
railway lines, <?.//., by the line from Genoa to Alessandria, 
Savona to Turin, Spezia to Parma, Pistoja to Bologna, 
Ancona to Horne, the Sulmona- Pescara line, Naples to 
Foggia, Salerno to Tarento, and others. The inhtibitants 


of the once inaccessible Abruzzis have now almost entirely 
abandoned their brigand habits, and are taking to the 
breeding of silkworms and the spinning of silk. Many of 
them, l^ing still desperately poor, emigrate every summer 
as labourers to the big estates of the Agro Romano, be- 
tween the Tiber and Civitavecchia. 

Soe Pabtsch, in Verhamdltmff^ti d, Ges, /. JErdkunde zu Berlin^ 
vol. i. (1889). — Marinelli, in AUi of tho First Italian Geog. Cou> 
^ress, vol. ii. 2, pp. 637 €t seq, ; Globus, vol. Ixxvi. (1899) ; and * 
n>r the meteorology, Anwmno Staiistico Italiano^ 1895 (Rome, 

T. T. Bk ) 
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T he apocalyptic and apocryphal books of Scripture • 
have been generally treated under two distinct heads, . 
but such a method is certainly unadvisable, since the former | 
literature constitutes in reality a subdivision of the latter. ! 
For agomsral introduction to both these literatui cs the reader 
should consult ii. 174-184; Emjcy.liihUca^ i. 213- 

2 1 5, 249-250 ; Hastings* Dictionary of fJie JHhle, i. 109-123 ; 
Kautzsch, Apokryplien u, P^endepiyrapfben^ i. pp. xi.-xxiii. ■ 
bihlical ApocrypJui, — These books will be dealt with 
under their appropriate heads. TJiey stand in the English 
Bible in the following order ; — 1 Ksdras, 2 Esdras, Tobit, 
Judith, Additions to Esther, Wisdom of Solomon, P^cclesias- 
ticuH, Baruch, Epistle of Jeremy, Additions to Daniel 
(Song of the Three Holy Children, History of Susannah, 
and Bel and the Dragon), Pra 3 'er of Manasseli, 1 Maccabcjes, 

2 Maccabees. It is hardly jiossible to form any^ classifica- 
tion which is not open to some objection. In 
any case the classification must be to some ex- 
tent provisional, since scholars arc still divided 
as to the original language, date, and place of composition 
of some of thc^ books which must come under our classifica- 
tion.^ In the first plact?, we must treat separately the 
Old Testament and the New Testament literature of this 
nature. In the next place we must discriminate (1.) the 
Palestinian and (II.) the Hellonisti<* literature of the Old 
Tostaineiit. The former was generally written in Hebrew 
or Aramaic, and seldom in Greek ; the latter naturally’ in 
Greek. Next, within these literatures we sliall distinguish 
throe or four classes according to the nature of the subject 
with which they deal. Thus the books of which we liave 
to treat will be classed as — (i.) Historical, (ii.) Legendary 
(Haggadic), (iii.) Apocalyptic, (iv.) Sapiential, or belong- 
ing to tho Wisdom Literature. 

Old Testament Apocalyptic and Apocryphal 
Literature. 


I. — Palrstiniax Jewish 

LlTRIlAlTTRE. 

(i.) HiatoricaL 

1 E^ra. 

1 Maccabees. 

History of .Johannes Hyreanua. 

(ii.) Legendiiry, 

Hook of Baruch. 

Rest of the Words of Barnch. 
Martyrdom of Isaiali. 

]k>ok of Jubilees. 

Judith. 

Pseudo-Philo's Liber Antiquita- 
tum. 

Book of Adam. 

Jannes and Jambres. 

Josepli and Aseuatli. 


(iii.) Apocahjptic. 

Apocalypse of Abraham. 
Ajwoalyiise of Baruch. 

Kthiopic Book of Enoch. 

4 K/ia 

Assumption of Muses 
Book of Notth. 

Testament of the XII Patriarchs. 
]’salm.s of Solomon. 

Prayer of Joseph. 

Book of Eldad and Modad. 
Apocalypse of Elijah. 

Ap(x:alypso of Zephaniali. 

(iv.) Wisdom Litmiture. 

Pirke Abolh. 

Sirach. 


^ Thus some of the additions to Daniel and the Pra) er of Mauasses 
are most probably derived from a Semitic original written ni Palestine, 
yet in compliance with the prevailing opinion they are classed under 
Hellenistic Jewish literature. Again, the Slavonic Enoch goes back 
undoubtedly in parts to a Semitic original, though most of it was 
written by a Greek Jew in Egypt. 


II. — Hellenistic Jewish 
Liter ATU BE. 

(i.) HisioricaZ and Legendary. 
Additions to Daniel. 

Additions to Esther. 

Epistle of Jeremy. 

2 Maccabees. 

3 Maccabees. 

Prayer of Manassoli. 

Tobit. 


(ii.) Apocalyptic. 
Slavonic Enoch. 

Oracles of Hystaspes. 

Testament of Job. 

Testaments of the III Patriarchs. 
Sibylline Oracles. 

(iii.) Wisdom Literature, 

4 Maccabees. 

Wisdom of Solomon. 


I.— Palestinian Jewish Literature. 

(i.) HiatoricaL 

1 Ezra or Eadraa. — This book called ‘'Ko-S/oas d in the 
LXX. and “ Liber tertius Esdrae ” in the Vulgate (see Ency. 
Brit. viii. 541-542) may safely be regarded as a translation 
from a Hebrew- Aramaic original with the exception of the 
independent section iii. 1-v. 6, which is probably from the 
Greek (see Nestle, Marrjinalien und Mat>erialieny 1893, 
pp. 23-29 ; Thackeray in Hastings* Bilk Diet. i. 758-763 ; 
Volz in Ency. Biblica^ ii. 1488-1494). Since, with the 
above-named exception, this book is an early translation 
from a text superior in many instances to that of the 
(‘anonical books of 2 Chronicles, Ezra, and Nehcmiali, so far 
as these deal with the rebuilding of the tem]de, it is of 
no little value in the critical emendation of the texts of 
those books (Driver, Inf rod. to Literature of O.T. p. 554). 
Gwyuin and Thackeray adduce some grounds for the view 
that this translation and that of the LXX. of Daniel arc 
from the same hand (soe Diet. Christ. Biog. iv. p. 977 note). 
Sir H. Howorth*s opinion (7*Ac Academy^ 1893, pp. 13, 60, 
106, 174, 326, 524) that thi.s book is more trustworthy 
than the canonical Ezra has nmcli to be said in its favour. 
Its date is very uncertain. Scliurcr contents himself with 
saying that its composition must be jilaced before the time 
of Josephus. Fritzsche declares it cannot be earlier than 
the Ist century B.c. (so Ewald, De Wetto). 

1 Maccaheea. — To the account of this work in Ency. Brit. 
x\. 131, it will not be necessary to add more than a few 
facts. The general credibility of the bcx)k is lecognized 
by recent as well as by earlier research. Willrich {nJuden 
und Grkclien vnr der Maickah, Erhehung^ 1895) has given 
good grounds for assuming that the thirteen letters repro- 
duced in the book have been added by its Greek translator 
from a collection of such authorities in Jerusalem. 

Greek MSS. and TVjajte.— Tho following MSS. contain 1 Macca- 
bees : K, A, Codex Veiictus, and 15 cursives. There are several 
editions of tho text. The textus receptiis is found in the Sixtine 
edition of the LXX. 1587, which is based on tho Ood. Venetus 
and on certain unnamed cursives. Tliis text is followed by 
Parsons aiid Holmes {retus Teatamentum Greece^ 5 vols. 1798- 
1827), who append the variants of 15 cursives, and Tischendorf 
( V. T. Grceccf 2 vols. 1887). Fritzsche (Lihri apoc. V. T. 1871) 
^vos an independent text baseii on K, A, Cod. Yen. and the 
cursives in Parsons and Holmes's edition. Finally Swete prints 
A with variants from M and Cod. Yen. (The Old TeOasmud in 
Greek according to the SeptuagiiU^ 8 vols. 1887-94), 
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Syrim and LaHn Versions, — Thero is no ancient Ethiopio 
version, but there are Syriao and Latin versions. The Byriae 
appears in two forms : the first is that in the Peshitto from the 
Greek text of Lucian (preserved in the cursives 19, 64, 93) ; the 
second is that published by Geriani from a 6th-oentury MS. The 
latter a^ees more closely with the Greek, and is probably the 
result of a revision of the older text with the help of a Greek text 
(seeG. Schmidt, Jfeitsehnfi, /, d, alUest. Wissensch, 1897, xvii. 1-47, 
288-262). There are also two forms of the old Latin version : 
the first is that of the Vulgate, and the second is found in a 
• Complutensian MS. in Milan Library. 

Translcdions wnd Commentaries , — The moat trustworthy English 
translations are those in the Variorum Bible and in the Revised 
Version, and the best commentaries those of Rawlinson in the 
Spedker*8 Apocrypha and Fairweather and Black, The First Book of 
Maceahees, 1897. In German there is nothing equal to Kautzsch’s 
translation {Apok, und Pseud, 1900, i. 24-81) and to Grimm's Das 
erste Bueh der Maecabder erklUrt^ 1858. On the literature generally, 
seoSchtirer, Gesefi, d, JUd, Volkes\ iii. 141-146. 

HisUyry of Johannes Hpreanus, — This work is mentioned 
in 1 Macc. xvi. 23, 24, but no trace of its existence has 
l)een discovered elsewhere. 

(ii.) Legendary or Haggadic WarJes, 

Booh of BanicJi, — llecent criticism has in some resitects 
diverged from the account of this book in Ency. Brit, iii. 
404*405. Thus most scholars, such as Fritzsche, Hitzig, 
Knoucker, Hilgenfeld, Eeuss, agree in assuming that i.-iii. 
8 and iii. 9-v. 9 are from distinct writers. But some 
critics have gone further. Thus Bothstein (Kautzsch, 
Apok, und Pseud, L 21.3-215) holds that there is no unity 
in iii. 9-v. 9, but that it is composed of two indeyiendent 
writings — iii. 9-iv. 4 and iv. 5-v. 9. Marshall (Hastings* 
Bible Diet, i. 251-254) gives a still more complex analysis. 
He finds in it the work of four distinct writers — i. 1-14, 
i. 15-iii. 8, iii, 9-iv. 4, iv. 5-v. 9. Though most modern 
writers, as Comill, Gifford, Schurer, &c., advocate a 
Hebrew original of i.-iii. 8 and a Greek original of the 
rest, Bothstein, Kneucker, and Konig hold fast to the 
view of the older exegesis that the whole book is derived 
from the Hebrew. Marshall, on the other hand, argues 
for the view that i.-iii. 8 is translated from the Hebrew, 
iii. 9-iv. 4 from the Aramaic, and that iv, 5-v. 9 was 
originally written in Greek. 

CommeniarieSt dsc , — In addition to those enumerated in Ency, 
Brit, iii. 405, the most valuable of the more recent works is 
Kneucker'a Das Buch Baruch, 1879 ; Gifford’s in Speaker's Apoc. ii. 

Date, — The dates of the various constituents of this book are 
quite uncertain. Kwald, followed by Gifford and Marshall, assigns 
i.-iii. 8 to the period after the conquest of Jenisalem by Ptolemy I. 
ill 320 B.C. ; Reuss to some decades later ; and Fritzsche, Schrader, 
Keil, to the times of the Maccabees. Hitzig, Kneucker, and 
Schurer assume that it was written after a.d. 70. Ryle ami .lames 
{PsaZms of Solomon, pp. Ixxii.-lxxvii.) hold that iv, 31-v. 9 is de- 
iiendent on the Greek version of Ps. xi., and that accordingly 
Baruch was reduced to its present form after a.d. 70. 

Rest of the Words of Baruch, — This book is most prob- 
ably of .Jewish authorship and its present form due to a 
Christian hand, as Kohler {Jewish Quarterly Review, 1893, 
pp. 407-419) has shown. It has been preserved in Greek, 
Ethiopic, Armenian, and Slavonic (see Schurer iii. 286, 
287). The Greek was first printed at Venic.e in 1609, and 
next by Ceriani in 1868 under the title “ Paraliporacna 
Jeremiae** in his Monumenta Saara, v. 11-18, and by 
Bendel Harris in 1889. Harris regards it in its present 
form as an Eirenicon addressed to the Jews by a Christian 
after the rebellion of Bar-Cochba. 

Martyrdom of Isaiah, — This Jewish work has been in 
part preserved in the Ascension of Isaiah, To it belong 
i. 1, 2®, 6^-13®; ii. 1-8, lO-iii. 12; v. I'-U of that \wok. 
It is of Jewish origin, and recounts the martyrdem of 
Isaiah at the hands of Manasseh. For the Christian 
elements of the Ascension of Isaiah, see Testament of 
Hezekiah*^ and “Vision of Isaiah.” 


Original Language and Dale , — This was most probably written 
in Hebrew or Aramaic, but thero is not sufiicieiit evidence to 
determine this question definitely. As regards the date ue may 
safely conclude that it was written not later than the Ist century 
A.i>. Thus it was well known to Origen {Ep, nd Afneanum, ix., 
Lommatzsch, xvii. 81 ; In Malt xxiii. 87, Lommatzach, iv. 287, &c.). 
Still earlier it was known to Tertulliau {De Pat, 14) and t<> Justin 
Martyr {Dial, e, Tryyh, cxx. ). Thus it was current early in tho 
2ud century. It was probably known to tho wiitcr ol the £])ibtlo 
to the Hebrews (xi. 3i). This brings us, if the last ruft renec is 
trustworthy, to the lat century a.i> , and this no doubt is the 
right date, for it is highly improbable that Jewisli wiitings of the 
2ud century should gain currency in the Christian ('huich. 

QreMc Version , — The (ireek version, as edited in the Aseensimi, 
has in part been just recovered and published by Oreiifcll and 
Hunt (A mJifrst Papyri, 1900, i. 1-22) ; see also Cliarles, Ascension 
if Isaiah, lOnO, pp. xxii.-xxxiii. 84-95), where this text is ciitirally 
edited and romimrcd with all other existing authorities. This 
martyrdom was knowm to the writer of the 02m8 Jmper/ectum (see 
Montfaucou’s edition of Chrysostom, vi. pp. xx. xxi.) m its 
original form before it was incorporated iii the Ascension (see 
Charles, op, ext, pp. xl.-xlii., xliv. 8, 9). 

Ethiopic Vers ^. — This was first edited by Laiirciife in 1819 
from one MS., in 1877 by Dillmann from thiee {Ascensio Isaiac 
JEihiopUt el Latins), and in 1900 by Charles from a more accuiate 
collation of the same throe MSS., together with the other veisions. 
This version admirably represents the original. Two of the three 
MSS. are excellent. 

Latin Version. — Of Ibis ii. 14 iii. 13 was discoveied and edited 
in 1828 by Mai. This was reprinted by Dillmann m 1877 in his 
edition of the Ascension, and in 1900 by Charles aitoi a fresh 
collation of the Vatican jtahmpsest. On tho relation of the 
various versions, see Charles, pn. xviii.-xxxiii 

Modern Translations,-- Hehiaos Laurence’s Latin and English 
translations, which are not trustworthy, there aie Ihlhtiann’s Latin 
translation, Basset's French {L'asrension d'JsaU, 1894), Beer's 
German {Apok. und Pseud, ii. 124-127), and Charles’s English 
{op, cU. pp 1-18, 40-42). For bibliogiaphy, see also Schurer, 
Gesch, des JUd, Volkes^, iii. 284-285. 

Juljilees , — This book is variously entitled ra ’Iw/Jr/Xaitt, 
ol 'lioprjkaioi, »/ Xeirri] ra keirra Fciwcos, MiKpo- 

y€v€<rL<i in Greek, and “The Book of the Division*’ in 
Ethiopic. It is really an Haggadic commentary on 
Genesis, and is practically the sole monument of legalistic 
Pharisaism belonging to tho latter half of the 2nd cx‘n- 
tury B.C., and is a characteristic example of that form of 
religion against which the Pauline dialectic was directed 
(see Ency, Brit. ii. 176-177). It has a secret apologetic 
aim. It defends and justifies the assumption of the high 
priesthood by the Maccabees. 

Original iMnguage , — This book, as the production of a strict 
Pharisee, was naturally written m Hebrew. This Hebrew was not 
free from Aramaic forms, as we infer from the formation of tho 
proper name **Mastema” and from the statement of Jciome {Ep. 
ad Fahiol, 78 ; mansionc, 18). On the other hand, a large number 
of passages cannot be intelligibly translated unless on the pre- 
supposition of a Hebrew original (see Charles, Ethiopu Version of 
Hebrew Book of Jubilees, pp. ix. x. , Littinann in Kautzsch 's Apok. 
und Pseud, ii. 34, 35). Fragments of tho original Hebrew arc still 
found in certain Midrashim 

Versions * Greek, Syriac, Ethiopic, and Latin. — liarge fragments 
of the Greek version have come down to us in Kpqihanius and such 
annalists as SyticelluB and Cedrenus. Only a few lines survive of 
the Syriac. Both these were made fi om tlie original. As regards 
the two latter versions, wdiich are denved from the Greek, tho 
whole of the Etliiopic survives and about ono-fourth of the Ijutin. 
The latter was first published by Ceriani in 1861, next by Koiisch 
{Das Buck der Jubiiden) in 1874, and by Charles m his edition of 
the Ethiopic text. 

Ethiopic Text and Translations , — This text was first edited by 
Dillmann from tw'o MSS. in 1859, and in 1895 by Charles from 
four. In the latter edition, tho Greek and Latin fragments are 
printed together with tlie Ethiopic. Tho book was translated into 
German by Dillmann from one MS. in Ewald's Jahrbueher, iL lii. 
1850, 1851, and by Littmanu (in Kautzsch 's Apok, und Pseud, ii. 
89-119) from Charles’s Ethiopic text ; in English by Sohoddo 
(BiU. Sacr, 1885) from Dillmaim’s text, and by Cliarles {Jevnsh 
Quarterly Eevieu), Oct. 1893, July 1894, Jan. 1895) from the text 
afterwaras published in 1895. 

Dale imi Author , — Jubilees was written after 135 B.C., when 
J. Hyreanus became ecelesiasticsl nnd civil head of the nation, 
and Mfore 95 B.c., when the entire body of the Pharisees was at 
strife with his successor Jaiinaus (see Boussot, Zedschr* /. NT- 
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Wiatenschaft^ 1900, pt). 198-201). The author was not a 
Holkonistic Jew, as Fniiikef supposes, nor a Samaritan, as Doer 
thought, nor yet an Kssetie, hut essentially a Pharisee in the most 
rigorous sense of the term (see Ency, Eiblicat i. 282 ; Kautzsch, 
op. cit. ii. 38-37). 

Bihliofjraphy. — See Eney. Brit. li. 177 ; Schiirer, Of.9ch. d. Jiid, 
V'olkea, iii. 277-280. The first commentary on the whole text, by 
diaries, was published in 1902. 

Jvdiih . — This book (see Ency. Brit. xiii. 765-706) 
was written originally in Hebrew. This is shown not 
only by the nuTnerou.s Hebraisms, but also by mistransla- 
tions of the Greek translation, as in ii. 2, iii. 9, and other 
passages (see PVitzsche and Ball in /or.), despite the state- 
ment by Origen {Ep. adAfric. 13) that the bcKik was not 
received by the Jews among their apocryplial writings. 
In his preface to Judith, Jerome says that he based his 
Latin version on the Chaldee, which the Jews reckoned 
among their Hagiographa. Ball {Speaket^a Apocrypha^ i. 
243) holds that the Chaldee text used by Jerome was a 
Iree translation or adaptation of the Hebrew. The book 
exists in two forms. The shorter, which is preserved only 
in Hebrew (see under Hebrew Midrashim below), is, accord- 
ing to Scholz, Lipsius, Ball, and Gastev, the older. The 
longer form is that contained in the versions. 

Oreek Version. — This is found in three rocensions : (1) in A B, K ; 
(2) in codices 19, 108 (Lucian’s text) ; (3) in cod. 58, the source 
of the Old Latin mid Syriac. 

Syriac and Latin Versions. — Two Syriac versions were made 
from the Oreek— the first, that of the PeHliittu ; and the second, 
that of Paul of Tolln, the so-called Hexaplaric. The Old Latin 
was derived from the Greek, as we have remarked above, and 
.lerome's from the Old Latin, under the control of a Chaldee 
version. 

Lat.('r Hebrew Midrajshini.— These are printed in Jcllinek’s Bet 
ha-Afuiraach, i. 130-131 ; ii. 12-22 ; and by Oastor in Proceedings 
of the fiociety of Biblical Archveology^ 1894, pp. l.')8-183. 

Date. — The book in its fuller form was most probably written in 
the lat century, before the Christian era. The writer places his 
romaiioe throe centuries earlier, in the time of Oehus, as wo may 
reasonably infer fniin the attack made by Holofernes and Bagoas on 
Judina ; for Artaxerxos Oolius iiiado an cxjHsdition against Pluentcia 
and Mgypt in 350 ii.c., in wdiich liis chief generals were Holofernes 
and Bagoas. 

BecerU Literature, — Ball, Speaker's Apocrypha^ 1888, an excellent 
pieoe of work; S«*holy., Jhis Bnc/i. Judith^ 1898; 1m\\y^ Ajmk. 
und Pseud. 1900, ii 147-104; Poitor in Hastings’ Bible Ihct. 
ii. 822*824 , Gastci, Kaey Biblica, ii. 2042-2046. See Ball, pp. 
260-201, and Schifrer, in loc.^ for a full bibliography. 

Pseudo-Philo's Liber AntupdMmi Bihlicarum . — Though 
tluj Latin verrtion (»f this book was thrice printed in the 
16th century (in 1527, 1550, and 1599), it was practically 
unknown to modern scholars till it was recognized by 
Conybeare and discussed by Cohn in the Jetvish Quarterly 
Review^ 1898, pp. 279-332. It is an Haggadie revision of 
the Biblical history from Adam to the death of Saul. Its 
chronology agrees frequently with the LXX. against that 
of the Massoretic text, though conversely in a few cases 
The Latin is undoubtedly translated from the Greek. 
Givek words are freijuently transliterated. While the 
LXX. is occasionally followed in its translation of Biblical 
passages, in others the Massoretic is followed against the 
LXX., and in one or two passages the text presupposes a 
text different from both. On many grounds Cohn infers 
a Hebrew original. The eschatology is similar to that 
taught in the similitudes of the Book of Plnoch. In fact, 
Eth. En. li. 1 is reproduced in this connexion. Pi’ayers 
of the departed are said to be valueless. The book was 
written after a.d. 70 ; for, as Cohn has shown, the exact 
date of the fall of Herod’s temple is predicted. 

Lost Legetids — The Adam Books. — That there was a 
Jewish book or books of Adam, which recounted the life 
of Adam and Eve after tlie Fall, we must conclude from 
the host of Christian apocryphs which have this subject 
for their theme. These are found in Greek, Byriac, 


Ethiopic, Arabic, Armenian. A Jewish book of Adam is 
mention^ in the Talmud and likewise in the Consiitutiones 
AposU vi. 16. See Smith’s Bictionary of Christiam Buh 
graphy, i 34-39 ; Ency. Bill. i. 253 ; ^hiirer, Gesch. d. 
Jdd. Volhes, iii. 287-289. 

Jaivnes and Jambres . — These two men are referred to 
in 2 Tim. iii. 8 as the E^ptian magicians who withstood 
Moses. The book which treats of them is mentioned by 
Origen (ad Matt, xxiii. 37 and xxvii. 9 \Jamms et « 
Mamhres Liher^^ and in the Gelasian Decree as the 
Poenitentia Jamnis el Mandtre. The names in Greek are 
generally ’lavnjs koX ’la/x/Sp;? ( » Dnao'i ou') as in the Targ.- 
Jon. on Exod. i. 15 ; vii. 11. In the Talmud they appear 
as inDD> '3m\ Since the western text of 2 Tim. iii. 8 has 
MafjLpprjSf Westcott and Hort infer that this fonn was 
derived from a Palestinian source. These names were 
known not only to Jewish but also to heathen writers, 
such as Pliny and Apuleius. The book, therefore, may go 
back to pre-Christian times. (See Schurer’, iii. 292-294 ; 
Emy. Bibliea, ii. 2327-2329.) 

Joseph and Asenath . — Tlic statement in Gen. xli. 45, 
50 that Joseph married tlie daughter of a heathen priest 
naturally gave offence to later Judaism, and gave risQ to 
the fiction that Asenath was really the daughter of 
Shechem and Dinah, and only the foster-daughter of 
Potiphorah (Targ.-Jon. on Gen. xli. 45 ; Tractat. Eopherim^ 
xxi. 9 ; Jalhut Shimoni, c. 1 34. See Oppenheim, Fabula 
Josephi et Asenethae^ 1886, pp. 2-4). Origen also was 
acquainted with some foim of the legend (Selecta in Genesin^ 
ad Gen. xli. 45, cd. Lommatzsch, viii. 89-90). The Christian 
legend, which is no doubt in the main based on the Jewish, 
is found in Greek, Syriac, Armenian, Slavonic, and 
mediaeval Latin. Since it is not earlier than the 3rd or 
4th century, it will be sufficient here to refer to Smith’s 
Diet, of Christ. Biog. i. 176-177 ; Hastings’ Bible Diet. L 
162-163 ; Schurer, iii. 289-291. 

(iii.) Apocalyptic Literature. 

Apocalypse of Abraham . — This book is found only 
in the Slavonic (edited by Bonwetscli, Studien zur 
Geschichte d. Theologie und Kirche^ 1897), a translation 
from the Greek. It is of Jewish origin, but in part 
worked over by a Christian reviser. The first part treats 
of Abraham’s conversion, and the second forms an 
ajiocialyptic oxfiansion of Gen. xv. This book was 
possibly known to the author of tlie Clem. Recognitions^ 
i. 32, a passage, however, which mav refer to Jubilees. 
It is most probably distinct from the airoKaXv^i^ *A/3padpL 
ustid by the Gnostic Sethites (Epiphanius, J/cer. xxxix. 
5), which was very heretical. On the other hand, it is 
probably identical witli the apocryphal book ’A/Spadp 
mentioned in the Stichomotry of Nicephorus, and the 
Synopsis Athanasii, together with the Apocalypses of 
Enoch, <kc. 

Syriac Apocalypse of Baruch . — This apocalypse has 
survived only in the Syriac version, of wliich Ceriani dis- 
covered a 6th-century MS. in the Milan Library. Of this 
he published a Latin translation in 1866 {Afonumenta 
Sacra, I. ii. 73-98), which Fritzscho reproduced in 1871 
(Lihri Apocryphi V. T. pp. 654-699), and the text in 
1871 (Mon. Sacra, V. ii. 113-180), and subsequently in 
photo - lithographic facsimile in 1883. Chaps. IxxviiL- 
Ixxxvi., indeed, of this book have long been known. 
These constitute Baruch’s epistle to the nine and a-half 
tribes in captivity, and have been published in Syriac 
and Latin* in the London and Paris Polyglots, and in 
Syriac alone from one MS. in Lagarde’s Libiri V. T. 
Apocryphi Syr. 1861 ; and by Charles from ten MSS. 
(Apocalypse of Baruch, 1896, pp. 124-167). The entire 
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book was translated into English by the last-named writer 
(op. ciU pp. 1-167), and into German by Ryssel 
(Kautzsch’s Apoh %md Paeud. 1900, ii. pp. 413-446). The 
Syriac is translated from the Greek ; for Greek words are 
occasionally transliterated, and passages can be explained 
only on the hypothesis that the wrong alternative meanings 
of certain Greek words were followed by the translator. 
The Greek in turn is derived from the Hebrew, for un- 
intelligible expressions in the Hyriac can be explained and 
* the text restored by retranslation into Hebrew. Many 
par<m(ma»ias discover themselves in the course of such 
retranslation (see Charles, Apoe, Bar. pp. xliv.-liii.). The 
necessity of postulating a Hebrew original was hrst shown 
by the ]iresent writer, and has since been maintained by 
Wellhausen {Skizzm u. Vtyrarbeiten^ vi. 234) and by 
Kyssel {Apok, und'Paevdepig. A. T. 1900, ii. 411). The 
final editor of the work writes in the name of Bamch, the 
son of Neriah. The time extends from the eve of the 
capture of Jerusalem by the Chaldees till after its accom- 
plishment. If the letter to the tribes in captivity (Ixxviii.- 
Ixxxvi.) be disregarded, the book falls into seven sections 
separated by fasts, save in one case (after xxxv.) where the 
text is probably defective. These sections, which are of 
unequal length, are — (1) i.-v. 6; (2) v. 7-viii. ; (3) ix.-xii. 
4 ; (4) xii. 5-xx. ; (5) xxi.-xxxv.; (6) xxxvi.-xlvL; (7) xlvii.- 
Ixxvii. These treat of the Messiah and the Messianic king- 
dom, the woes of Israel in the |)ast and the destruction of 
Jerusalem in the present, as well as of theological questions 
relating to original sin, free will, works, the number of the 
saved, the nature of the resurrection body, <kc. The views 
expressed on several of the above subjects are often conflict- 
ing. In one class of passages there is everywhere manifest 
a vigorous optimism as to IsraeFs ultimate well-being on 
earth, and the blessedness of the chosen people in the 
Messianic kingdom is sketched in glowing and sensuous 
colours (xxix., xxxix.-xl., lxiii.-lxxiv.). Over against these 
liassages stand others of a hopelessly jriessiinistic cliaracter, 
wherein, alike as to IsraeVs present and future destiny on 
earth, there is written nothing save “lamentation, and 
mourning, and woo.’^ The world is a scene of corruption, 
its evils are irremediable, its end is nigh, and the advent 
of the new and spiritual world at hand. The first to draw 
attention to the composite elements in this book was 
Kabisch {Jakrbiicher f. proteat, Theol. 1891, pp. 66-107), 
This critic regarded xxiv. 3-xxix., xxxvi.-xl., and liii.-lxxiv. 
as independent sources written before the fall of Jerusalem, 
A.D. 70, and his groundwork, which consists of the rest of 
his book, with the exception of a few versos, as composed 
after that date. All these elements were put together 
by a Christian contcmi>orary of Papias. Many of these, 
conclusions were arrived at independently by a French 
scholar, De Faye (//c« Apocalypses Juives^ 1892, pp. 25- 
28, 76-103, 192-204). The ])resent writer {Apocalypse of 
Barucliy 1896, pp. liii.-lxvii.), after submitting the book to 
a fresh study, has come to the following conclusions ; — The 
book is of Pharisaic authorship and composed of six in- 
dej^ndont writings — A^, A**, B^, B‘-*, B®. The first 
three were composed when Jerusalem was still standing 
and the Messiah and the Messianic kingdom were 
ext>ected : A^ a mutilated apoailypse » xxvii.-xxx. 1 ; A®, 
the Cedar and Vine Vision ** xxxvi.-xl.; A®, the Cloud Vision 
*=liii.-lxxiv. The last three were written after a.d. 70, 
and probably before 90. Thus B® Ixxxv. was written by 
a Jew in exile, who, desimiring of a national restoration, 
looked only for a spiritual recomx)ense in heaven. The 
rest of the book is derived from and B®, written in 
Palestine after a.d. 70. These writings belong to very 
different types of thought. In B' the earthly Jerusalem 
is to be rebuilt, but not so in B® : in the former the exiles 
are to be restored, but not in the latter ; in the former a 


Messianic kingdom without a Messiah is expected, but no 
earthly blessedness of any kind in the latter, kc. B^ ~ i.- 
ix. lyxxxii. 2-4, xliii.-xliv. 7, xlv.-xlvi.,lxxvii.-lxxxii.,lxxxiv., 
Lcxxvi.-lxxxvii. B® « ix.-xxv., xxx. 2-xxxv,, xli.-xlii., xliv. 
8-15, xlvii.-lii., Ixxv.-lxxvi., Ixxxiii. 

The above critical analyses were attacked and rejected by Clviiirii 
(Stud, und Krit. 1898, 211 sqq.). He fails, however, in tnaiiy 
oases to recognize the difiicultioa at issue, and those which cannot 
be ignored he sets down to the conflicting apocalyptic traditions 
on which the author was obliged to draw for his subjcct’inatlci . 
Though Ryssel (Kautzsch, Apok. u, Paevd, des A. T. ii 409 1 
has followed Clemen, neither has given any real explanation of 
the disorder of tlie book as it stands at present. 

JUlatton to 4 Esra. —The aflinitics of this book and 4 Ezra are 
so nninemus (see Charles, op. cU. 170'171) that Kwald and Kylo 
assumed identity of authorship. But their points of divergence 
are so weighty (see op. at. pp. Ixix.dxxi.) that this view cannot 
be sustained. Throe courses still remain open. If wo assume 
that both works ara composite, we shall perforce admit tliat some 
of the constituents of 4 Jszra are older tiian the latest of Baruch 
and that other constituents of Baruch arc decidedly older than the 
remaining ones of 4 Ezra. On the other hand, if we assume unity 
of authorship, it seems impossible to arrive at finality on tlie 
chronological relations of tliese two w’orks. Langen, Ililgeiifeld, 
Wiesclcr, Stahelin, Kenan, Hausratli, Druinmond, DiUTnann, 
Rosenthal, Gunkel, have maintained on vaiious gi'ounds the 
miority o! 4 Ezra ; and Schurer, Bissell, I'homson, Deane, Kabisch, 
De Fayo, Wollhauseii, and Ryssel the priority of Baruch on groundb 
no less convincing. 

Integrity of the Book . — In lxx\’ii. 19 it is said tlial I’uruch wrote 
twro epistles, one to the nine and a-lialf tribes and the ut her to the 
two and a-half at Babylon. The former is found lu Iwviii.-lxxxvi. ; 
the latter is lost, but is probably jireservcd either wdiolly oi in ]mrt 
in the Book of Barucli, iii, 9'iv. 29 (see Charles, op at ]»p. l\v.- 
Ixvii.). On the other hand, it is not necessary to infer from Ixxv 
that an account of Baruch’s assumption w^as to be looked foi in 
the book. 

Lttcrat.ure . — In addition to the works cited above, see Rosenthal, 
Vxer apokryphischc Bmhcr^ 1885, Jip. 72-108 , Deane, Parudept- 
graphaf 1891, pp. 130-102. For a lull bibliography sec Sihurer, 
(reach, d. Jud. rolkca\ 1898, lii. 223-232, and Charles {op at. pp. 
xxx.-xlii.). 

Ethiopic Book of Enoch . — This is the mo'jt iini»ortant 
of all the apocryphal or pseudepigrajihal writings for the 
history of religious thought (see (Charles, Booh of £?iorh, 
33-53, 312-317, EscJuitology : Hebrew ^ Jewish^ and Chris- 
tian^ 1899, pp. 182-192, 203-219). It is quoted by name 
as a genuine production in the Kjustle of Jude 14 *7., and 
it lie.s at tlie ba.so of Matt. xix. 28 and John v. 22, 27, 
and other passages. It had also a vast indirect iniluoncc 
on the Palestinian literature of the 1st century of our era. 
Like the Pentateuch, the Psalms, the JMogilloth, the I'irke 
Aboth, this work was divided into five j>arts, with the rritn al 
discussion of which we shall deal below. Modern scholars 
are agreed that Enoch was originally written in Hebrew 
or Aramaic. Halevy, Journal Asmiigue^ 1867, jip. 352- 
395, is in favour of the former view ; but the latter is now 
more generally advocated on the ground of Arainan; 
forms in the Gizeh Greek fragment, <f>ovKa, xviii. 8, from 
ipB fiaybo^apa in xxviii. 1, and jSafSStjpa in xxix. 1, from 
•OTD and xtpovfiu' in xiv. 11, 18. On the other hand, it 
must be remembered that some Aramaic forms are ftumd 
in the LXX. and 111 the Ethiopic version of the Old Testa- 
ment. Hence, in the face of the jiowerfnl arguments of 
Halevy for a Hebrew original, the (]uestion cannot Ix; 
regarded as yet settled. The Semitic original was tran^ 
latod into Greek. It is not imjirobable that there wem 
two distinct (3 reek versions. Of the one several frag- 
ments have been preserved in Syncellus (a.d. 800), vi.- 
ix. 4, viii. 4-x. 14, xv. 8-xvi. 1 ; of the other i.-xxxii. in 
the Gizeh Greek fragment discovered in Egypt and 
published by Bouriant, Fragments grecs du lime <P Enoch, 
m 1892, and subsequently by Lods, Dillmann, Charles, 
Swete, and finally by Flemming and Itadernmchcr. In 
addition to these fragments there is that of Ixxxix. 
42-49 (see Qildemeister in the ZD MG, 1855, pp. 
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621-622, and Charles, op, cit, 238-240). Of the Latin 
version only i. 9 survives, l)oing preserved in the Pseudo- 
(]Jyprian*8 Ad Novatianum and cvi. 1-18 discovered by 
James in an Hth -century MS. of the British Museum 
(see James, Ajioc. Amcflofay 146-150, Charles, op. cit. 
372-375). This version is made from the Greek. The 
Ethiopic version, which is a very faithful translation of 
the Greek, alone preserves the entire text. It was edited 
by Laurence in 1838 from one MS. and in 1851 by 
Dillmann from five. Tlie present writer has undertaken 
a text l>ase<l on a study of twenty-five MSS. 

TratmJationH and Coimnantarv’n. — Lauronct*, llui Book of Eiwcft,, 
Oxfonl, 1821 ; Dillmaiin, Dan Buck Henocky 1853 , Schudde, The 
Book of Eiwehy 1882; Charles, The Book of Enochs 1893; BeiT, 
“ Das Buch Hoiiooh ” iii Kautzsch's Apok, u, Paeud, dea A. T, 1900, 
li. 217*310 ; Flumuiitig and Kadormacher, JJaa Budi llcryochy 1901. 
Critical Inquiries , — The bibliography will be found in Scliurer, 
Geach, d, Jiidiacken Volkea^^ iii. 207*209, and a short critical 
account of the most important of these in Charles, op, cit, pp. 
921. 

Wo have remarked above that the Book of Eiwch is 
divided into five parts — i.-xxxvi.,xxxvii.-lxxi.,lxxii.-lxxxii., 
Ixxxiii.-xc., xci.-cviii. Some of these |)arts constituted 
origiimlly separate treatises. In tlie course of their 
reduction and incorporation into a single work they 
.suffered much mutilation and loss. From an early date 
the compositeness of tliis work was recognized. Scholars 
have varied greatly in their critical analyses of tlie work 
(see diaries, op, cit, 6-21, 309-311; Hastings* Diet, of 
the HihUy i. 706 ; Ency. Jiihlicay i 221-222 ; Schodde, Bmik 
of PJnochy 1882, pp. 19-32). The amilysis which gained 
most acceptation wiis that of Dillmanu (Herzog’s JRedl 
Eakyk!^ xii. 350-352), according to whom the present books 
consist of — (1) the groundwork, t.«., i.-xxxvi., lxxii.-cv., 
written in the time of John Hyreanus , (2) xxxvii.-lxxi , 
xvii.-xix., lief ore 64 B.o. ; (3) the Noiicluc fragments, vi. 
3-8, viii. 1-3, ix. 7, x. 1, 11, xx., xxxix. 1, 2*, liv. 7-lv. 2, 
lx., Ixv.-lxix. 25, cvi.-cvii ; and (4) cviii. from a later 
baud. With much of this analysis thert^ is no reason to 
<li8agreo The similitudes are undoubtedly of different 
authorship from the rest oi the book, and oertiiiu portions 
of the book are derived from the Book of Noah, On the 
other hand, tlie so-called groundwork has no existence 
unless in the minds of earlier critics and some of their 
liolatod followers in the present It sju'ings from at least 
four hands, and may bo roughly divided into four parts, 
corresponding to the present actual divisions of the book. 
Of these wo shall deal with tlie easiest first. CVi. IxjclL- 
IxxAi, constitutes a work m itself, the writer of which had 
very different objects before him from the writers of the rest 
of the book. His sole aim is to give the law of the heavenly 
bodies. His work has suffenid dusarraiigements and inter- 
polations at the hands of the editor of the whole work. 
Thus Ixxx. «</. are intrusions, and Ixxxii. should stand 
lieforo Ixxix., for the ojiemng words of the latter supjioso 
it to bo alniady read. iUmpa, lxxxiii,~xc , — This section 
was written before 161 for “the great horn,” who is 
Judas the Maccaboe, was still warring when the author was 
writing. (Dillmann, Schuror, and others take the great 
horn to bo John Hyreanus, hut this interpretation does 
violence to the text.) These chapters recount throe visions : 
the first two deal with the first-world judgment ; the third 
with the entire history of the world till the final judg- 
ment All eternal Messianic kingdom at the close of the 
judgment is to be cstiiblished under the Messiah, with its 
centre in the Now Jerusalem set up by God Himself. 
(Uuipa, xci.-^lv , — In the preceding section the Maccabees 
were the religious champions of the nation and the friends 
of the Chasids. Here they are leagued with the Sadducoos, 
and are the declared foes of the Pharisaic party. This 
section was written therefore after 134 b.c., when the 


breach between John Hyreanus and the Pharisees took 
place and before the savage massacres of the latter by 
Jannseus in 95 B.c. ; for it is not likely that in a book 
dealing with the sufferings of the Pharisees such a refer- 
ence would be omitted. These chapters indicate a revolu- 
tion in the religious hopes of the nation. An eternal 
Messianic kingdom is no longer anticipated, but only a 
temporary one, at the close of which the final judgment 
will ensue. The righteous dead rise not to this kingdom 
but to spiritual blessedness in heaven itself — to an immor- 
tality of the soul. This section also has suffered at the 
hands of the final editor. Thus xci. 12-17, which describe 
the last three weeks of the Ten-Weeks Apocalypse, should be 
read immediately after xciii. 1-10, which recount the first 
seven weeks of the same apocalypse. But, furthermore, 
the section obviously begins with xcii. ** Written by Enoch 
the scribe,” <kc. Then comes xci. 1-10 as a natural sequel. 
The Ten-Weeks Apocalypse, xciii. 1-10, xci. 12-17, if it 
came from the same hand, followed, and then xciv. The 
attempt (by Clemen and Beer) to place the Ten-Weeks 
Aj>oca1ypse before 167, because it makes no reference to 
the Maccabees, is not successful ; for where the history of 
mankind from Adam to the final judgment is despatched 
in sixteen verses, such an omission need cause little em- 
barrassment, and still less if the author is the deter- 
mined foe of the Maccabees, whom he would undoubtedly 
have stigmatized as apostates, if he had mentioned them at 
all, just as he similarly brands all the Badducean priest- 
hood that preceded them to the time of the captivity. 
This Ten-Weeks Apocalypse, therefore, we take to be the 
work of the writer of the rest of xci.-civ. Cfiapa, t,-xxxvi, 
— This is the most difficult section in the book. It is very 
composite. Oh. vi.-xi. is apparently an indeiiendent frag- 
ment of the Enoch Saga. It is itself compounded of the 
Son^aza and Azazel myths, and in its present composite 
form is already presupposed by Ixxxviii.-lxxxix. 1 ; hence 
its present form is earlier than 166 B.c. It represents a 
primitive and very sensuous view of the eternal Messianic 
kingdom on earth, seeing that the righteous beget 1000 
children before they die. In the next place xii.-xvi. stand 
quite apart from the rest of i.-xxxvi. owing to the tran- 
scendent picture they give of God as contrasted with what 
is given in the rest of the section. Likewise they rejire- 
sont what Enoch saw in a dream, whereas xvii.-xxxvi. 
recount Enoch’s actual journeys through the heavens. 
These chapters were proliably an indeiiendent fragment of 
the Enoch Saga. Again, xvii.-xix. stand in a jieculiar 
relation to xx.-xxxvi., since both sections deal with the 
same subjects. Thus xvii. 4 = xxiii. ; xvii. 6 — xxii. ; 
xviii. 1 = xxxiv.-xxxvi. ; xviii. 6-9 — xxiv.-xxv., xxxii. 1-2 ; 
xviii. 11, xix. =xxi. 7-10; xviii. 12-16 = xxi. 1-6. They 
lielong to the same cycle of tradition and cannot be inde- 
pendent of each other. Chap. xx. apjiears to show that 
xx.-xxxvi. is fragmentary, since only four of tlie seven 
angels mentioned in xx. have anything to do in xxi.- 
xxxvi. Clutpa, xxxviLdxx. — These constitute the well- 
known similitudes. They were written lief ore 64 B.C., 
for Homo was not yet known to the writer, and after 95 
B.C., for the slaying of tho righteous, of which the writer 
complains, was not perpetrated by the Maccabcan princes 
before that date. This section consists of three simili- 
tudes — xxxviii.-xliv., xlv.-lvii., Iviii.-lxix. These are intro- 
duced and concluded by xxxvii. and Ixx. There are 
many interpolations — ^Ix., Ixv.-lxix, 25 come confessedly 
from the. Book of Nocdi ; most probably also liv. 7-lv. 2. 
Whence others, such as xxxix. 1, 2* xli. 3-^, xliii. «g., spring 
is doubtful, Ch. 1., Ivi. 5-lvii. 3* are likewise insertions, 
and Ixxi. an addition, at variance with the thought of the 
section. The Messianic doctrine and eschatology of this 
section is unique. The Messiah is here for the first time 
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described as the pre-existent Son of Man, who possesses 
universal dominion and is the Judge of all mankind. 
After the judgment there will be a new heaven and a new 
earth, which will be the abode of the blessed. 

i Ezra, — This apocryph had a very wide circulation 
among the Greek and Latin fathers. In the Latin version 
it consists of sixteen chapters, of which, however, only 

iii. -xiv. are found in the other versions. To iii.-xiv., 

accordingly, the present notice is confined. After the 
example of most of the Latin MSS. we designate the 
book 4 Ezra (see Bensly-James, Fourth Booh of Ezra, pp. 
xxiv.-xxvii.). In the first Arabic and Ethiopic versions it 
is called 1 Ezra ; in some Latin MSS. and in the English 
Authorized Version it is 2 Ezra, and in the Armenian 3 Ezra. 
Chapters i.-ii, are sometimes called 3 Ezra, and xv.-xvi. 
5 Ezra. All the versions go back to a Greek text. This is 
shown by the late Greek apocalypse of Ezra (Tischendorf, 
Apocalypses Apocryplut, 1866, pp. 24-33), the author of 
which was acquainted with the Greek of 4 Ezra ; also by 
quotations from it in Barn. iv. 4; xii. 1 = 4 Ezra xii. 10 
sqq,, V. 5 ; Clem. Alex. Etrom. iii. 16 (here first expressly 
cited) = 4 Ezra, v. 35, <kc. (see Bonsly-James, op, dt. pp. 
xxvii.-xxxviii.). In his Messias Jvda*orum, 1869, pp. 36- 
110, Hilgcnfeld has given a reconstruction of the Greek 
text. Till 1896 only Ewald believed that 4 Ezra was 
written originally in Greek. In that year Wellhausen 
{Gott, Gel, Anz, pp. 12-13), and Charles {Apoc, Bar, p. 
Ixxii.) pointed out that a Hebrew original must be assumed 
on various grounds ; and this view the former established 
in his Skizzen u, Vorarheiten, vi. 234-240, 1899. Of the 
numerous grounds for this assumption it will be neces- 
sary only to adduce such constructions as ^Me quo mo 
interrogas de eo,” iv. 28, and xiii. 26 qui per semet 
ijisum liberabit ” ( = “ through whom he will 

deliver,” or to point to such a mistranslation as vii. 33, 
“ longanimitas congregabitur,” where for “ congregabitur ” 
(..= »]DK') we require “evanescet,” which is another and 
the actual meaning of the Hebrew verb in this passage. 
The same mistranslation is found in the Vulgate in Hosea 

iv. 3. This view hjis been adopted in Gunkers German 
translation of Ezra (Kautzsch, Apok, u. Pseud, d. A, T, li. 
332-333). 

Latin Version, — All tlie old(>r editions of this version, as those 
of Fabricius, Sabatior, Volkinar, Hilgcnfeld, Fritzsche, as well as 
in the older editions of the Bible, uio based ultimately on only 
one MS., the Codex Sangnnnancusis (written A. n. 82 J), os Gilde- 
uicistor proved m from the fact that the large fragment 

between verses 36 and 37 m chapter vii., which ib omitted in all 
the above editions, originated tlnongh the excision of a leaf in this 
MS. A splendid editiun of this version liased uii MSS. containing 
the nii&suig fragment, which have been sul»scqueiilly dibcovered, 
lias been puhlibliod by Bensly-James {op, at,). This edition lias 
taken account of all the important MSS. known, save one at Leon 
in Spam. 

Syriac Version, — This version, found in the Ambrosian Libraiy 
in Milan, was translated into Latin by Ceriani, Monumrnta sacra 
et profaiM, II. li. pp. 09-124, 1866. Two yeai's later this scholar 
edited the Syriac text, op. cit, V, i. pp. 4-111, and in 1883 repio- 
duced tlio MS. by photo-lithography V, T, 

11. iv. pp. 5jd-r>72). Hilgenleld incorporated Ceriaui's Latin trans- 
lation in his Messias Jvdceorum, This translation needs revision 
and correction. 

Wiiopic Version, — First edited and translated by Laurence, 
Primi Ezras Libri Vsrsio jElhiopica, 1820. Laurence's Latin 
translation was corrected Iw Pnetorius and reprinted in Hilgen- 
feld’s Messias JueUeorum, In 1894 Dillmann's text based on ten 
MSS. was published — V, T.ASth. Libri Apoeryphi, v. 153-193. 

Arabic Versions, — The first Arabic version was translated from a 
MS. in the Bodleian Library into English by Ockley (in Whiston^s 
Mmitive Christianity, vol. iv. 1711). This was done into Latin 
and oorreoted by Steiner for Hilgenfeld’s Mess, Jud, The second 
Arabic version, which is independent of the first, has been edited 
from a Vatican MS. and translated into T^atin by Gildemoister, 1877. 

Armenian Version, — First printed in the Armenian Bible, 1805. 
Translated into Latin by Petermaun for Hilgpanfeld’s Mess, Jud, 

Relation of ihe above Feri?ions.--The8e versions stand in the 


order of worth as follows : — Latin, Syriac, Ethiopic. The remaining 
versions are paraphrastic and less accurate, and are guilty of 
additions and omissions. All the versions, save the second Arabic 
one, go back to the same Greek version. The second Arabic version 
presupposes a second Greek version. 

Modem Versions , — All the English versions are now^ antiquated, 
except those in the Variorum Apocrypha and tlio Revised Version 
of the Apocrypha, and oven these are far from satisfactory 
Similarly, all the German versions are behindhand, except the 
excellent version of Gunkel in Apok. u. Pneud, ii. 252-401, wlnMi, 
however, needs occasional correction. 

The book (iii. xiv.) consists of seven visions or parts, 
like the apocalypse of Jiaruch. They are: (l)iii. 1 v. 19. 
(2) V. 20-vi. 34; (3) vi. Sri-ix. 25; (4) ix. 26-x. 60; (5) 
xi. 1-xii. 51; (6) xiii. ; (7) xiv. These deal with (1) 
religious problems and speculations (2) and eschatological 
questions. The first three are devoted to th(5 discussion of 
religious problems affecting in the main the individual. The 
pre-suppositions underlying these are in many cases the same 
as those in the Pauline Epistles. The next three visions 
are principally concerned with eschatological problems 
■which relate to the nation. The seventh vision is a 
fragment of the Ezra Saga recounting the rewriting of 
the Scriptures, which had been destroyed. This has 
no organic connexion with wliat precedes. According to 
Gunkel (Apok, u. Pseud, ii. 335-352) the whole book is 
the work of one writer. Thus down to ■vii. 16 he deals 
with the problem of the origin of sufiering in the world, 
and from vii. 17 to ix. 25 with the question who is 
worthy to share in the blessedness of the next world. As 
regards the first problem the writer show's, in the first 
vision, that suffering and death come from sin - no less 
truly on the part of Israel than of all men, for God 
created man to be immortal ; that the cud is nigh, when 
wrrongs wiU lie righted ; God^s rule will then be recog- 
nized. In the second he emphasizes the consolation to la? 
found in the coming time, and in tlu* third he biK.uks 
solely of the next world, and then addresses himself to tlie 
second problem. The fourth, fifth, and sixth visions an* 
eschatological. In these the writer turns aside from the 
religious problems of the first three visions and eonceriis 
himself only with the future national supremacy of Isiael 
Zion^s glory will certainly be revealed (vision four), Isiael 
will destroy Home (five) and the liostile Gentiles (six) 
Then the book is brought to a close with the legend of 
Ezra's restoration of the lost Old Testament {Scriptures. 

In the course of the above work there are many incon- 
sistencies and contradictions. These Gunkel explains by 
admitting that the writer has draw'ii largely on tradition, 
both oral and written, for his materials. Tims he con- 
cedes that eschatological materials in v. 1-13, vi. 18-28, 
vii. 26 sqt/., also ix 1 sq(f,, are from this source, and ai> 
imrcntly from an originally indei>endciit work, as Kahisch 
urges, but that it is no longer possible to separate the 
borrowed elements from the text. Again, in the four last 
visions he is obliged to make the same concession on a 
very large scale. Vision four is based on a current novel, 
wliich the author has taken up and put into an allegorical 
form. Visions five and six arc drawn from oral or written 
tradition, and relate only to the |>oliiical expectations of 
Israel, and seven is a reproduction of a legend, for tlie 
independent existence of which evidence is furnished by 
the quotations in Bensly-.James, pp. xxxvii.-xxxviii. Thus 
the chief champion of the unity of the book makes so 
many concessions as to its dependence on previously existing 
sources that, to the student of eschatology, there is little to 
choose between his view and that of Kabisch. In fact, if 
the true meaning of the borrowed materials is to be dis- 
covered, the sources must lie disentangled. Hence the 
need of some such analysis as that of Kabisch (Bets vierte 
Buck Ezra, 1889): S=»an Apocalypse of Salathicl, circ. 
A.D. 100, preserved in a fragmentary condition, in. 1-31, 
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iv. 1-51, V. 136-vL 10, 30-vii. 25, vii. 45-vm. 62, ix. 13- 
X. 57, xii. 40-48, xiv. 28-35. E»an Ezra Apoi^ypse, 
circ. 31 B.C., iv. 52-v. 13a, vi. 13-28, vii. 26-44, viii. 63- 
ix. 12. A«an Eagle Vision, circ. a.d. 90, x. 60-xii. 35. 
M«a Son-of-Man Vision, xiii. E^^an Ezra fragment, 
circ. A.D. 100, xiv. 1-1 7a, 18-27, 36-47. All these, accord- 
ing to Kabisch, were edited by a Zealot, circ. 120, who 
supplied the connecting links and made many small 
additions. In the main this analysis is excellent. If we 
assume that the editor was also the author of S, and that 
such a vigorous stylist, as he shows himself to be, recast 
to some extent the materials he borrowed, there remains 
but slight dilference between the views of Kabisch and 
Gunkel. Neither view, however, is quite satisfactory, and 
the problem still awaits solution. Other attempts, such as 
Ewald’s (Gemh, d, Volkes Ifsra^l vii. 69-83) and De Faye’s 
{Ajyocalt/pses Juioea, 155-165), make no contribution. 

Tmie and Place, — The work was written towards the close of the 
lat contiiry (iii. 1, 29), and somewhoro in the oast. 

Literature, — In addition to the authorities mentioned above, 
see Dilirnann, Horzog’s lUcU EidcyK^ xii. 853 sqq, ; Schurer, 
Otach, dca Jud, VoVeea^ iii. 246 sqq. ; and the articlos on 4 Esdras 
in Hustings' Bible DictUmary ana tho Encyclojiocdm Bihlica by 
Thackeray and James resjicctivcdy. 

The Assumption of Moses , — ^This book was lost for 
many centuries till a large fragment of it was discovered 
and published by Ceriani in 1861 {Momirtuinta Sacray I. i. 
5.')-64) from a palimpsest of the Cth century. Very little 
was known about the contents of this book ])rior to this 
discovery. One jiassage found in this fragment is quoted 
in tho Ac/n HyTiodi Nicmncp^ ii. 18. Most of the other 
references relate to the strife of Micliael and Satan about 
the body of Moses, and ascrilxj it the Ascensio Mosis, i,e,y 
(Various other works have been 
attribuUsd to Moses, such os the I’otirath Moshe, the fiiphoq 
Xoyiav Mikttikmv Mo)H(r€ws, The Exodus of Moses (in 
Slavonic), &g. See Charles, Assumption of Moses, 
pp. xiv.-xvii.; Schurer, Gesrh, des JUd, Volkrs, iii. 220-221.) 

Editions ami Translations,- -In addition to those men- 
tioned in Enci/, Bnt, ii. 177, the only conqilete edition 
has been publislied by C^harlcs, The Assum 2 dion of Moses, 
1897, A German translation, AvitJi notes by Clemen, will 
be found in Kautzsch’s und Psevd, ii. 31 1-331. That 
our Latin text is derived fiom the Greek there can be 
no question. Thus Gretik wordN are transliterated, as 
“ chedrio ” from “ herein us ” from cpi//xos ; Greek 

idioms are rejirodiiced, as “usque nos duei captivos ” = 

Tou r;/xas aix/iaAwrwrdl/yra/, and retranslation into Greek is 
fretpiently necessary in order to correct tho misrenderings 
of tho translator or the corruj)tions already inherent in the 
Greek. Finally, fragments of the Greek version arc still 
preserved. That tho Greek was in turn derived from a 
Semitic original was denied by llilgeiifeld, Volkmar, and 
others. It is still regarded as an open question by 
Clemen. On the other hand, Kwald, Scdimidt-Merx, 
Colani, Carriere, Hausrath, Dalman, llosenthal, and others 
decide in favour of a Semitic. The present writer lias 
sought at some length to prove that the Greek goes back 
not to an Aramaic original, but to a Hebrew (see op, cit, 
pp. xxxviii.-xlv.). 

The present book is possibly the long-lost AiaOyKYf 
Moicceais mentioned in some ancient lists; for it never 
sjKjaks of the assumption of Aloses, but always of his 
natural death (i. 15, iii. 13, x. 14). About a half of the 
original Testament is preserved in the Latin version. 
The latter lialf jirobably dealt with questions about the 
Creation. (See Fabric. Cod, Pseud, V, T, ii. 844 ; Aeta 
Bynodi NieoRnae, ii. 20.) With this “Testament” the 
“ Assumption,” to which almost all the patristic references 
and tliat of Jude are made, was subsequently edited. 
The book has been assigned to most periods between the 


death of Herod the Great and that of Bar-Cochba. But 
the text precludes any date after a.d. 70. The true date 
appears to lie between 4 b.o. and a.d. 30. Herod is 
already dead (vL 6), hence it is after 4 B.C. ; and Herod’s 
sons are to rule for shorter periods than their father, hence 
it must have been composed before these princes had 
reigned thirty-four years — i,e,, before A.D. 30. It may also 
be shown that a.d. 7 is probably the earlier limit (see 
Charles, op, cit, pp. Iv.-lviii.). As for the author, he was 
no Essene, for he recognizes animal sacrifices and cherishes 
the Mess^nic hope ; he was not a Sadducee, for he looks 
forward to the establishment of the Messianic kingdom (x.); 
nor a Zealot, for the quietistic ideal is upheld (ix.) and 
the kingdom is established by God Himself (x.). He is 
therefore a Chasid of the ancient t 3 q)e, and glorifies the 
ideals which were cherished by the old Pharisaic party, but 
which were now being fast disowned in favour of a more 
active r61e in the political life of the nation. He pours 
his most scathing invectives on the Sadducees, who are 
described in vii. in terms that recall the anti-Sadducean 
Psadms of Solomon, His object, therefore, is to protest 
against the growing secularization of the Pharisaic party 
through its adoption of popular Messianic beliefs and 
political ideals. 

See Eivcy, Brit, ii. 177 ; JS’ncy. Bihl, i. 233-286 ; Durkitt in 
ITostings’ Bible Diet, iii. 448-450 ; Charles, Assumption of Moses, 
1807; Schurer, Gcsch, d, Jdd, Volkes^, 1000, pp. 213-222. 

Book of Noah. — Though this book has not come - 
down to us independently, it has in largo measure been 
incorporated in tho Ethiopie Book of Enoch, and can in 
jiart be reconstructed from it. The Book of Noah is 
mentioned in Jubilees x. 13, xxi. 10. Ch. lx., Ixv.-lxix. 25 
of the Ethiopie Enoch are without question derived from it. 
Thus lx. 1 runs : “ In the year 500, in tho seventh month 
... in the life of Enoch.” Here the editor simply clianged 
tlie name Noah in the context before him into Enoch, for 
tlie statement is l)ased on Gen. v. 32, and Enoch lived 
only 365 years. G!hapters vi.-xi., cvi.-cvii. of the same book 
are probably from the same source ; likewise liv. 7-1 v. 2, 
and Jubilees vii. 26-39, x. 1-15. In the former passage of 
Jubilees the subject-matter leads to this identification, as 
well as the fact that Noah is represented as speaking in the 
first person, although throughout Jubilees it is the angel 
that speaks. Possibly Eth. En. xii. 3-8, xliii.-xliv., lix., 
are from the same work. The book may have opened with 
Eth. En. cvi.-cvii. On these chapters may have followed 
Eth. En. vi.-xi., Ixv.-lxix. 25, lx., xii. 3-8, xliii.-xliv., liv. 
7-lv. 2; Jubilees vii. 26-39, x. 1-15. Since some of 
these chapters are earlier than Eth. En. Ixxxiii.-xc. and 
Jubilees, the original work is not later than 166 B.o. 
(See Hastings’ BUAe Diet, iii. 586-587.) 

The Hebrew Book of Noah, a later work, is printed in 
Jellinek’s Bet horMidrcbsch, iii. 155-156, and translated 
into Gonnan in liunsch. Das Bvjch der Juhilden, 385-387. 
It is based on the part of tho above Book of Noah which 
is ])re8orved in Jubilees. The portion of this Hebrew work 
which is derived from the older work is rejirinted in 
(’harles’s Ethiopie version of the Hebrew Book of Jubilees, 
p. 179. 

Testuments of the XII Patriarchs, — The earliest 
reference to this book is found in Origen in his Horn, 
in Josvam, xv. 6 (Ed. Lommatzsch, xi. 143); “In 
aliquo quodam libel lo qui apiiellatur testamentum 
duodecim patriarcharum, quamvis non habeatur in 
canono, talem tamen quendam sensum invenimus, quod 
per singulos ^»eccantes singuli Satanm intelligi debo^t” 
(ef, lleuben, iii.). The Testaments are mentioned simply as 
Uarpidpxfii in the Stichometry of Nicephorus, the Synopsis 
Athanasii, and the anonymous list of books edited by 
Montfaucon and others. From this period the Testaments 
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were lost sight of till the 13th century, when they 
wore translated into Jjatin from a 10th-century MS. 
(now in Cambridge) by Qrosseteste, bishop of Lincoln. 
The work consists of the dying commands of the twelve 
sons of Jacob to their children. Each testament treats of 
a special virtue or vice which finds illustration in the life 
of the particular patriarch. , Three elements are dis- 
tinguishable in each testament : — (1) The patriarch in each 
gives an account of his life, dwelling with particular 
emphasis on his particular virtues or vices. In many 
respects these accounts are of the nature of a Midrash on 
the Biblical notices concerning him, but in some instances 
they are in sharp conflict with them. (2) After the 
historical or legendary notices just referred to the |)atriarch 
gives appropriate exhortations, naturally suggested by the 
qualities conspicuous in his own career. (3) Finally he 
apyiends a series of predictions. 

Oralie {Spicileg, Patruni^^ 1714, i. 129-144, 335-374) 
was the first to suggest that the work was written by a 
Jew and subsequently interpolated by a C^iristian. Most 
subsequent writers, however, rejected Grabe’s view, and so 
the exegesis of the book became a mere scries of fruitless 
logomachies till Schnapp revived Grabe’s hypothesis in 
an excellent piece of work, Die Test, der XII Pair, 
wntersuchty 1894, Halle. This critic has tried to prove, 
lirstly, tJiat in its original form the book consisted of 
biographical details rcsjiccting each of the patriarchs, and 
exhortations suggested by these details: next, that this 
work was revised by a Jew, who added the portions of 
an apocalyptic or predictive nature : and thirdly, that the 
book thus enlarged was revised by a Christian, who 
modified some passages and in others introduced inter- 
polations. The third thesis has been confirmed by Cony- 
i)caro’s collation of the Armenian version (Jemsh Quarterly 
Review^ 1893, 387 sqq, ; 1896, 260 sqq,^ 471 «y^.) which 
omits most of the Christian passages in the Greek version. 
But Bousset has overthrown Schnapp’s second thesis and 
shown that the apocalyptic sections belonged to the 
original work : scje Dio Testameiite dor Zwolf Patri- 
archeu in the second number of Preuschen^s Zeitschr, /. 
d, NTlicJie W issenschaft. 

Till the last few years it has been generally believed 
that the Testaments were originally written in Greek. 
But this appears most improbable, and there are good 
grounds for sup|K)sing a Semitic original. In the first 
]>lace, the greater part of the work cannot bo later than 
100 B.tJ. In the next the Greek is thoroughly Semitic in 
character. Gaster has published a Hebrew text of the 
Testmmnt of Naphtediy which he holds to be the original 
of the Greek. That this is not so, the present writer 
has shown in Ency, Biblicay i. 239-240. Caster’s text, 
which is a late compilation possessing some materials 
in common with the Greek, is nevertheless of service in 
explaining through the Hebrew how one hojielessly 
corruiit passage in the Greek arose. Furthermore, in 
favour of a Hebrew original, it may be urged that — 
(1) Hebrew constructions are frequent ; (2) paronomasice, 
which are lost in the Greek but can be restored by re- 
translation, are frequent ; and (3) certain passages which 
are unintelligible in the Greek become clear on retrans- 
lation. On the other hand, see Pass and Arendzen’s 
“Fragment of an Aramaic Text of the Testament of 
Levi” in Jewish Quarterly RevieWy 1900, pp. 651-661. 

VersUms, — The Greek version wus edited by Sinker from two 
MSS. ill 1869 and the variants of two other MSS. in an a|i])endix 
in 1879. This scholar has long promised a new edition from six 
MSS., and anotlier is said to bo in pre|jaration by von Gohhardt. 
There were also early Syriao and Armenian versions. Of tlie 
former only a small fragment survives. The latter was published 
at Venice in 1896. Most of its variants have been made accessible 
through Conybearo in the Jewish Quarterly Jtemew above referred 


to, aetd through *'Preaschen*a Die armenkohe IJebersetzung der 
Testamente der zwolf Patriarchen in the second numl^t of 
Preuschen’s Z /. d, XTliehe W utaensch, u, d. Kunde d, Urdvris- 
tenthumSy 1900. 

Date, — Excluding the Christian additions, whiuh were made at 
different dates down to the 5th century, the aork was composed 
towards the close of the 2nd century n.o., with the exception of 
l^evix. xiv.-xvi., Judah xxii.-xxv., and certain fragments in Dan. v. 
and Zebulonix., which belong to the 1st century n.(\ See Bousset 
in Preu.schon’8 review (mentioned above), 1900, pp. 142-175, 187-209, 
and the articles by Charles, m loc,y in Ency, Bthheay i. 237-241, 
and Hastings' Bible Dictionaryt iv. 

Psalrus of Solomon, — These psalms, in all eightt»cn, 
enjoyed but small consideration in early times, for only 
SIX direct references to them are found in early literature. 
Their ascription to Solomon is duo solely to his scribes, 
for no such claim is made in any of the psalms. 

TJiere are only three valuable editions of the text ; — Ryle and 
Jamc<i, ^aXfiol ^oXofiQvroSt 2he pHalma of the Pharisees^ 1891, 
from five MSS. ; Swotc, 1‘hc Old Tesiametd in Greek, in. 1894, 
765-787, from mx MSS.; Gebhardt, S^aXfxol XoXo/iunfros — iHe 
Pmlrnen Salmnonis zuiti ersten Male inii Benutzumj d. Aihoshand- 
9chriften und d. Cod, Caaanatcnais, 1895, from five MSS , throe of 
which are used for the first time. The best recent translation into 
Englisli is that of Kyle and James It has been done into (lennan 
by Wellhaiison in the appendix to bis J)tc JharisUer u, Baihluniary 
1874, and recently by Kittel in Kant/scli*s.<4y;oL u.pHeud, des A. T, 
ii. 130-148. The latter tranKlatioii is based on Gebhardt's text. 

The second psalm was written soon after 48 ji.o., for it 
contains a triumphant reference to Pomjiey’s death, ii. 

29- 31. Pfls. i., viii., and xvii. fall botween 63 and 48 B c., 
for they presuiipose PomjH'y’s ciipture of Jerusalem, but 
show no knowledge of his death. Pss. v., vii., ix., xiii., xv., 
belong apjiarcntly to the same period, but iv. and xii. to 
an earlier one. On the whole liyle and Janies are no 
doubt right in assigning 70-40 B.o. as tlie limits within 
wliudi the psalms were written. Tliii authors were 
Pharisees. They divide their countrymen into two 
classes — “ the righteous,” ii. 38-39, in. 3-5, 7, 8, &c., and 
“the sinners,” ii. 38, lii, 13, iv. 9, &c. ; “the saints,” iii. 
10, tkc., and “the transgressors,” iv. 11, &c, Tlie former 
are the Pharisees ; the latter the Sadducees. They ])roU‘st 
against the Asmomean house for usurping the throne of 
David and laying violent hands on the high priesthood, 
xvii. 5, 6, 8, and proclaim the coming of the Messiah, the 
Hon of David, who is to set all things right and establish 
the supremacy of Israel. Pss. xvii.-xviii. and i.-xvi. 
cannot be assigned to the same authorship. The hopes 
of the Messiah are confined to tlie former, and a some- 
what different eschatology underlies the two w'orks (sec 
Charles, Eschatology: Jlcbrew, Jewishy and Christiany 
220-225). There can be no doubt that Hebrew was the 
original language. This would follow from tlie fact that 
they were sung in the public worship of the synagogue, as 
we infer from the inscriptions. But independently of this 
fact it is imp 08 .sible to translate the Greek intelligibly, 
save on this hyfiothesis : see the excellent commentary ot 
Kyle and James, pp. Ixxvii.-lxxxvii. Since the Psalms were 
written in Hebrew, and intended for public worshij) in 
the synagogues, it is most probable that they were com- 
jK)sed in Palestine. Besides, not a shred of evidence can 
be adduced in favour of any other country. 

In adJitiou to the literatuio mentioned aliove ami in Ryle an<l 
James’s edition, Selim er's Geach, dea Jdd, Vulkes'^y iii. 150 »yr/., 8«ii 
£ncy. Biblicuy i. 241-245. - 

Lost Apiocalypscs : Prayer of Joseph. — The Prayer of 
Jcncph is quoted by Origen \Iu Joann. II. xxv. (Lom- 
matzsch, i. 147, 148); in Gen. HI. ix. (Lommatzsch, viii. 

30- 31)]. The fragments in Origen represent Jacob as 
speaking and claiming to be “ the first servant in God’s 
presence,” “ the first -begotten of every creature animated 
by God,” and declaring that the augel who wrestled with 
Jacob (and was identified by Christians with Christ) was 
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•nly eighth in rank. The work was obviouAp anti- 
t^rg^n. (Sec Schuror iii. *265-266.) 

JiQuik of Elduul aiul Modad, — This book was written 
in the name of the two prophets mentioned in Num. xi. 
26-29. It consisted, according to the Targ. Jon. on 
Num. xi. 26-29, mainly of prophecies on Magog’s last 
attack on Israel. The Shepherd of Hennas quotes it 
KiVr. ii. 3. (See Marshall in Hastings’ Bible Dictiorutri/, 
i. 677.) 

A pocalypne tf Elijah , — ^This apocalypse is mentioned in 
two of the lists ol books. Origou, Ambrosiaster, and 
Kuthalius ascribe to it 1 Cor. ii. 9. If they are right, the 
apocalypse is pre-i^auline. The yieculiar form in which 
1 Cor. 11 . 9 apjiears in Clemens Alex. Protrept, x. 94, and 
the Comf, Apo»t vii. 32 shows that both have the same 
source, probably this apocalyjise. Epiplianius {llfpr, xlii. 
(ed. Oohlor, vol. ii. 678) ascribos to this work Ejih v. 14. 
Isr. L(^vi {Revue den Etvdes Juiven^ 1880, i. 108 sqq.) 
argues for the existence of a Hebrew apocalypse of Elijah 
from two Talmudic passages. A late w^ork f)f this name 
has been published by Jellinck, Bet Jut-Midraschy 1855, iii. 
65-68 and Jhittenwiescr in 1897. Zahn, (Jexch. dee 
NTKanonSy ii. 801-810, assigns this apocalypse to the 
2nd century A. D. (See Schurer^, iii. 267-271.) 

Apoealypee of Zejdvaniah. — Ajiart from two of the lists 
this work is known to us in its original form only through 
a citation in (3em. Alex. Hirom, v. 11, i7. A Christian 
revision of it is prolmbly yireserved in the two dialects of 
(Coptic. Of these the Achmim text is the original of the 
Sahidic. These texts and their translations have been 
edited by SttdndorfF, Die Apohalyp&t dee Elias, cine im- 
hekannte Apokalypse mid BruchsttJieke der SofdKmias Apokor 
lypse, 1899. As Schurcr {Theol, Litcraturzeitung, 1899, 
No. I. 4-8) has shown, these fragments belong nio.st prol)- 
ably to the Zephaniali aywcalyjise. They give descrijitions 
of heaven and hell, and predictions of the Antichrist. In 
their present form these Christianized fragments are not 
i3arlier than the 3rd century. (See Schurer, Gesck, des 
JUd, Volkes^, in. 271-273 ) 

(iv.) WMorn Literature. 

The Pirke A both. —Timm sayings of the Jewdsh fathers 
are preserved in the 9th Tractate of the Fourth Order of 
the Mishna. They are attributed to some sixty Jewish 
teachers, and the collection is divided into five chapters. 
These teachers belong for the most part to the years 
A.D. 70-170, thougli a few of them are of a much earlier 
date. (See P. Ewald’s J^i7'ke Aboth, 1825; Strack, Die 
Ejyniche der Vater*^, 1888; Taylor, Sa qmgs of the Jewish 
Fathers^ 1899.) 

Sirach or Ecclesiastic tis — This book bore the name 
“ Proverbs ” (d'Wd), according to Jerome. It was also 
known as “The Wisdom of Jesus, the son of Eirach” 
(!2o</aa ^Itjctov vlov or, more shortly, ilcipd;^). 

In the Latin Church the book was, so far as we kuow% fir.st 
called Ecdemisticns in Cyprian {Testim. ii. 1 ; iii. 1, &c.). 
The expression “ Libri ecclesiastici ” in Church writers 
designates the apocryphal books of the Old Testamemt in 
contradistinction from the canonical books. Among such 
book.s Ecclcsiasticus was tin* Church book, kot’ 

The name of the author is given m the Greek of 1. 27 as 
“ Jesus, the sou of Sirach,” but in the Hebrew’ of 1. 27 
and li. 30 as “Simon, son of Jo>shua, son of Eleazar, son 
of Sira.” 

The prologue states that the Sirach’s grandson went to 
Egypt in the 38th year of Euergetes. Since of the 
two Ptolemies, who bore the surname of Euergetes, the 
first reigned only twenty-five years, it must be the second 
that is referred to here, i,e,, Ptolemy VII. Physcon 
Euergetes II. This prince began to reign in 170 b.c. 


Hence 132 is the date of the arrival of Sirach’s grandson 
in Egypt, and the composition of Sirach’s work would be 
from forty to seventy years earlier. Thus the date would 
lie between 200 and 170 b.c. This date would harmonize 
well with the apparently contemporary account of the High- 
priest Simon II. in 1. 1-26, who was in office about 200 b.o. 
Edersheim {Speakers Apocrypha, ii*. 4-9) and others contest 
this view. See, however, Ilyssel (Kautzsch’s A/>oA;. u. Pseud. 
i. 234-239 ; Ency. Biblica, ii. 1170-1171). That this book . 
was written in Hebrew is stated by Jerome ; but, -with the 
exception of occasional sentences in the Talmud, it was 
lost to modern scholarship till 1896, when chaps, xxxix. 
15-xlix. 11 were published by Cowley and Neubauer. 
This large fragment of the original text was found in a 
synagogue in Cairo. The discovery and publication of 
further fragments have followed in fast succession. In 
1899 Schechter and Taylor edited chaps, iii. 6-vii. 29; 
xi. 34; xii. 2-xvi. 26; xxx. 11-xxxi. 11; xxxii. 1-xxxiii. 

3; XXXV. 9-20; xxxvi. 1-21; xxxvii. 27-xxxviii. 27; 
xlix. 12-li. 30. In the same year G. Margoliouth pub- 
lished in the Jewish Quarterly Review chaps, xxxi. 12-31 ; 
xxxvi. 22-xxxvii. 26 ; and on pp. 462-465 of the same 
review in 1900 appeared further fragments discovered by 
iSchechter, i.e., iv. 23A, 30-31 ; v. 4-7, 9-13; xxv. 8ft, 13, 
17-24; xxvi. l-2a ; xxxvi. 19a; and on pp. 466-480 frag- 
ments discovered by Adler, vii. 29-xi. 33 ; xii. 1 ; and on 
pp. 688-702 fragments discovered by Gaster, xviii. 31-xix. 

2 ; XX. 5-7 ; xjpeviL 19, 22, 24, 26 ; xx. 13 ; and finally, in 
tho Revue des Etudes Juives, 1900, pp. 1-30, the fragments 
discovered by Levi — xxxvi. 24-26; xxxvii. 1 -xxxviii. 1. 
Margoliouth’s theory that these fragments are not part 
of the original Hebrew text, but of a mediaeval Hebrew 
version, is rejected almost universally, both by Jewish 
and Christian scliolars. 

Versions — Greek and Syriew. — These versions are from the 
Hebrew. The Greek is preserved m ^ A B C and Cod. Ven. of the 
Uncials, and in a large number of cursives. All those MSS. co 
back to the same Greek text, for they all attest the reinarkamo 
transposition in xxx, -xxxvi. The right order is preserved in the 
Syriac, Latin, and Arabic versions. We should, therefore, place 
xxx. 25-xxxiii. 13a after xxxiii. 182>-xxxvi. 16a. The right order 
appears, it is tnie, in Cursive 248, but the form of the text sliows 
tnat the dislocation existed in the text from i^hich it was derived, 
and was set right subsoqiiontly. The Greek and Syriac are in- 
valuable in the criticism of the Hebrew fragments. 

Latin and other Versions. — The Latin version, which preserves 
the right order in xxx. -xxxvi., and is herein followed by the 
English version, was made from the Greek before those chapters 
were dislocated This version dates from A.u, 200-250. It occa- 
siunally preserves the riglit text where the Greek has since become 
corrupt. The Syro-Hoxaplaric, Ethiopia, Armenian, and Coptic 
versions were derived from tlio Greek after the transposition of 
chaps, xxx. -XXXVI. 

Literature. — Owing to the recent discoveries and innumerable 
studies on the Hebrew texts and the various versions, all the earlier 
works are to a great degree antiquated. The best are Fritzsche’s 
Die Weisheit Jcsiut-SirarJis, 1839, and Edersheiin's commentary 
in the Speaker's Apocrypha, ii. 1-239. In the latter work and 
SchureFs Gcsch. des .lud Volkts,^ iii. 161-166, a full bibliography 
will bo found. See particularly Toy in Eucy. Bib. ii. 1164-1179. 
Smend has promised a comprehensive edition, taking into account 
all the most recent discovery and criticism. 

II. H KLLENLSTIC LITERATURE. 

(i.) Historical and Legendary, 

Additions to Daniel, — These are three in number : 
Susannah and the Elders, Bel and the Dragon, and The 
Song of fAe Three Children. Of tliese the two former 
have no organic connexion with the text. The case is 
otherwise with regard to the last. In some respects it 
helps to fiirup a gap in the canonical text between verses 
23 and 24 of chajiter iii. And yet we find Polychronius, 
early in the 5th century, stating that this song was not 
found in the Syriac version. 



APOCALYPTIC AND APOC|j|teHAL LITERATURE ^5 


Song oftho Three Children.---l:\m Mction is composed of the 
Prayer of Azariah and the Song of Azariah, Ananias, and Misael, 
and was inserted after iii. 28 of the canonical text of Daniel. 
According to Fritzsche, Kdnig, Sohurer, Ac., it was composed in 
(ireek and added to the Greek translation. On the other hand, 
Delitzsch, liissell, Ball, Ac., maintain a Hebrew original. The 
latter view has been recently supported by Rothstein, Apok. und 
Peewit i. 173-176, who holds that these additions were made to 
the text before its translation in Greek. These additions still 
preserve, according to Rothstein, a fragment of the original text, 
t.s., verses 28-28, which came between verses 23 and 24 of chapter 
iii. of the canonical text. They certainly fill up exeellently a 
manifest gap in this text. “The Song of the Throe Child- 
ren" was first added after the versos just referred to, and 
Niibsequently the Prayer of Azariah was inserted before these 
verses. 

SitmnnAh , — This addition was placed bv Thoodotion before 
chap, i., and “ Bel and the Dragon" at its close, whereas by the 
LXX. and the Vulgate it was reckoned as chap. xiii. after the 
twelve canonical chapters, Bel and the Dragon as xiv. Thoo- 
dotion's version is the source of the Peshitto for all three 
additions, and the LXX. is the source of the Syro-llexaplaric, 
w'hich has been published by Ceiiani {Mon, Sarr. vii.). The 
source of the story may, according to Kwald {Oeach iv. 636), have 
been suggested by the Babylonian legend of the seduetion of two 
old men by the goddess of love. Daniel a])pears in this addition 
as a youthful j'udge. Notwithstanding the paronomasia^ on 
Greek words in verses 54-fi5, 58-59, to which attention was called 
by Julius Africanus and Porphyry, it is by no means certain that 
the original was Greek. We may have here a free rendering of n 
Semitic original (see Bludau, Die AlexandnniecJie Veheraetzung 
d^a Buclm Daniel, 1897). 

Bel and the Dragon . — We have here two independent narratives, 
in both of which Daniel appears as the destroyer of heathenism. 
The latter had a much wmer circulation than the former, and is 
most probably a Judaized form of the old Semitic myth of the 
destruction of the old dragon, which represents primeval chaos 
(see Ball, Speaker* a Apocr. ii. 346-348 ; Gunkel, Schopfnng uml 
Chaos, 320-323). Most scholars maintain a Greek original, but 
this is by no means certain. Marshall (Hastings' Bible Ihcf, i. 268) 
argues for aii Aramaic, and regards Castor's Ariuiiaio text {Pro- 
ceedings of the Society of Biblical Archanol^j, 1894, pp. 280-290, 
312-317 ; 1895, 75-94) as of primary value in this respect. 

Additions to Esther , — Theae aovon additions, written 
originally in Creek, wore interpolated in the Greek trans- 
lation of the Book of EstJier. They consist of an edict of 
Hainan, prayers of Mordecai and Esther, &c., and are 
so skilfully interpolated as to make no mterru])tion in 
the history, though they occasionally contradict the 
canonical text. I^he Greek tc?xt appears in two widoly- 
dilForing recensions. The one is supjiorted by A B N, and 
the other — a revision of the first — by codices 19, 93®, 108*'. 
The latter is believed to liave been the work of Lucian, 
For an account of the Latin and Syriac versions, the 
Targuius, and the later Babbmic literature connected with 
this subject, and other questions relating to these addi- 
tions, see Fritzsche, Exer/eU JJandlmch zu den Apok, 1851, 
i. G7-I08 ; Schurer®, iii. 330-332 ; Fuller in SjiealWs 
Apocr, i. 360-402 ; Ilyssel, Kautzscb, Aj)oh. u, Psmd, 
i. 193-212. 

Ejyistle of Jeremy, — This letter (see Enry. Brit, iii. 
405-406) purports to have been written by Jeremiah to 
the exiles who were already in Babylon or on the way 
thither. Recent research has not done much to elucidate 
the difficulties of this writing (see Fritzsche, Hamlh, zu, 
den Apok, 1851 ; Gifford, Speaker's Apocr, ii. 286-303 ; 
Marshall, Hastings' Bible Dixt, ii. 578-579). 

2 Maccabees. — This book (see Enxy, Brit, xv. 131) 
was written in the Pharisaic interest, ^irolxibly by an 
Alexandrian Jew, although his work shows no trace of 
distinctively Alexandrian Judaism. Its aim is religious 
rather than historical, and whore it comes into collision 
with 1 Macc. its evidence is generally set aside as worth- 
less. On the other hand, it has undoubtedly a value of its 
own; and at times, in accord with Josejihus, who was 
unacquainted with it (c/. iv. ; vi. 2 ; xiii. 3-8 ; xiv. 1 ; see 
Grimm, Exeget, Ilandlmchy 1857, p. 13), it furnishes us, 
where 1 Macc. is silent, with historical materials of great 


wortl^ "Geiger held that it was written as a delibclllrato 
leniic against 1 Macc., and Rosters (^fVW. 7 
pp. 49 1-558) further argued that the so-called opitoMsil^was * 
the actual author, and merely assumed tlie mask of Jason’s 
name for controversial purposes. Although Kamplianscn 
{Apok, und Pseud., i. 84) follows Rosters’ hsad, this view 
is preposterous, Tliat a writer who wished to advocate 
the doctrines of Pharisaism should seek authenticatjon by 
ap|)caling to the work of an Afncan Jew, unless such a 
work were actually in existence, would he witliout parallel 
in jiseudepigraphic literatuixj. Moreover, the oscliato' 
logical details which ap{Kur in its narrative are just such 
as fit in with the eschatological systems of the 2nd ctuitury 
B.C., and were certainly not the current views when the 
epitomizer wrote bc'tween 50 n.r. and a.d. 1 . 

3 Maccabees, — Tliis so-called book of Maccabees (see 
Eucy, Brit. xv. 131) is a piece of fiction, recording an 
attempted massacre of the Jews under I'toltuny IV. Pliilo- 
pator, and based in part on an old legend jireserved in 
Josephus, Contra Apioti, ii. 5. The date is quite uncertain 
— sometime between 100 n.c. and a.d. 70 (see Grimm’s 
Exeget, IJaruibveh zu den Apml 1853, vol. iii. ; Bissell, 
Apocr y 2 >ha, 1880, pp. 615-637 , Kautzsch’s u. Pseud, 
1900, i. 119-135; Fairweather in Hastings’ Bible Diet, 
iii. 192-194). 

Prayer of Manmseh , — Scholars are not yet agri^cd as to 
the original language of tliis i>enitcntial psalm. Most 
take it to have been written in Greek, and writh these 
Fritzsche, Schurer, and Ilyssel (Kautzscb, Ap^ok. u. 
Pseud, i. 165-168) agree. On the other hand, Furst, 
Kwald, Ball, and Budde argue for a Hebrew original. 
From the statements in 2 Chron. xxxiii. 12, 13, 18, 19, 
it follows iliat the chronicler found this prayer in Hebrew 
in his sources, The History of tive Kings of Jsfi*ael and The 
IHstonj of thx Seers. Ewald regards the Greek as an 
actual translation of the lost Hebrew, but Ball mure wisely 
takes it as a free rendering of a lost Haggadic narrative 
founded on the older document from wdiich the chronicler 
drew Ills information. This view he suxiports by showing 
that there was once a considerable literature iii circula- 
tion regarding Manasseh’s' later history. Fritzsche, Ball, 
and Rysscl agree in assigning this psalm to the MacciiU^an 
period. Its eschatology and doctrine “of divine forgive 
ness” may point to an e.arlier daUi, The best short 
account of the book is given by Ball (Sjieakers Apo- 
cryphUy ii. 361-371); see also Porter in Hastings’ Bible 
Dictionary, hi. 232-233 

Tobit , — To the excellent account of this book in Envy. 
Brit, xxiii. 427-428, it will not be necessary to make any 
great addition. Kotwithstanding the arguments of (Jratz 
{Monatsschr , f, Gesch. des J udenikums^ 1879, pp. 145 xr/y., 
385 sqq.y 433 sqq.y 509 and of Rosenthal {Vier apo- 
kryphische Buche7\ 1885, pp. 104-150), and of Fuller 
(VVace’s Apocrypdia, i. 1888, pp 164-171) for a Hebrew' 
original, the original language is generally, with Noldeke 
{Meynatsberichte d lierlinxr Akad. 1879, 45 sqq)y hiken 
to be (irreck. The following table constructed by the 
last-named scholar w'ill exjilain most briefly the relations 
of the many versions of this book : 

A ( = Codex Alcxaiidriiius'^ 

1 


r — I — “ — I 1 

Ji and c. Syriac (first half) Kthiopic Hebrew of Fagius 


Chaldee in 
ita original form 


Olil Latin 

I 


Syriac (second half) 


Bodleian Chaldee 


Jerome’s Version 
Hebrew of Munster 


The Hebrew texts published by Gastor, Proceedings of 
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'ihs Soc^ty of JiM. ArchcBoloyyj 1896, pp. 208-22§, 259- 
271 1897, pp. 27-38, have no more claim to represent 
the odginal than those above referred to. 

Plctce a/nd Date. — Tlit? book was most probably written 
in Egypt subsequently to the Maccabean rising and before 
the building of the Herod iari temple 25 B.c. 

On the literary connexion with the story of Achikar, 
see art. “ Achiacharus ” in Ency. Bibl, 

(ii.) Apocalyptic Literature. 

Slamvic Book of Knock , or^ ike Book of tlui Secrete of 
Enoch , — Tins now fragment of the Knochic literature has 
only recently come to light through five MSS. discovered 
in JlusHia and Servia. Since about a.d. 500 it has been 
I(»Ht sight of. It IS cited without acknowledgment in the 
/{(Hik of Adam and Koe^ the Apocalypme of Moees ami Pauly 
tile Sibylline OroA/leRy the Aecemion of Imiahy the Epistle 
of JtarnahaSy and referred to by Origcn and Irenaius (see 
Oharles, The Book of tkje Secrets of Knock, 1895, pp. 
xvu. xxiv.). For Cliarles’s ediUo jirim'cps of this work, 
m 1895, Professor Morfill translated two of the best MSS., 
as well as Sokolov’s text, which is founded on these and 
other MSS. In 1896 Jlonwetsch issued his Ikis slavische 
Jlenochbucky in which a German translation of the above 
two MSS. is given side by side, preceded by a short intro- 
duction. The main jiart of the book was wr itten in Greek. 
This follows from the fact that in xxx. 13 it is said that 
Adams name is derived from tli(.‘ four quarters of the 
earth : that is, from the initial letters of draroA'i;, 
dpKToi, /AcoT/zx/ipia. This derivation is inqxissible in 
fciemitic. Portions of the book, however, go back to a 
Sfunitic original, stHiing that it is quoted in the Test, XII, 
Patriarchs, which was written in Semitic and belongs to 
the 2ud and 1st centuries b.c. The book in its present 
form was written in I'^gypt, for many of its speculations 
are characteristic of Philo and other Hellenistic writers : its 
account of the creation, xxv. sq,, betrays Egyptian elements, 
as well as its description of such creations as the PlKXjmxes 
and Chalkydnes. Since this book quotes Ficclosiasticus, 
the Kthiopic Book of Fmoch, and AV isdom if), the teiminus 
a (fuo cannot bts earlier than 30 b.c., and the terminus ml 
(juem must bo assumed as iMxrlier than a.d. 70, for the temple 
is still standing. The author was an orthodox Hellenistic 
Jew, who lived in Egyjit. Thus he lielieved in sjicrifices, 
xlii. 6, lix. 1, Ixvi. 2 ; in the law, lii. 9, 10 ; and in an 
immortality of the blessed, in which the rightt'ous should 
Ikj clothed in “ the raiment of God’s glory,” xxii. 8. The 
writer is an eclectic. Platonic (xxx. 16), Egyptian 
(xxv. 2), and Zend (Iviii. 4-6) elements are incorporated 
in his system. 

Oracles of J/ystaspes , — See under N. T. Apocalypse.s. 

Testatmni of Job , — This book was first printed fixim 
one MS. by Mai, Script, Vet, Xov, Coll, 1833, vii. i. 180, 
and translated into French iiiMigno’s Diet, ties Apocryphes, 
ii. 403. An excellent edition from two MSS. is given by 
M. 11. James, lipcnrypiui Anecdota, ii. pp. lxxii.-cii. 104- 
137, whf) holds that the book in its present form was 
written by a Christian Jew” in Egypt on the liasis of a 
Hebrew Midrash on »lob in the 2nd or 3rd century a.d. 
It is a cleverly-written vrork, but not of much value, 

Testaments of tlve III Patriarchs , — For an account of 
these three Testaments (refernid to in the Apost, Const, vi. 
16), the first of which only is preserved in the Greek and 
IS assigned by James to the 2ud century a.d., see that 
scholar’s “ Testament of Abraham,” afid Studies, ii. 
2, 1892, which appears in two recensions from six and 
three AiSS. res|)ectively, and Vas.siliev’8 Aifuecdoia Crtieco- 
Byzantina, 1893, pj). 292-308, from one MS. already used 
hy James. This work was WTitten in Egypt, according to 
James, and survives also in Slavonic, lioumanian, Ethiopic, 


and Arabic versions. It deals with Abraham’s reluctance 
to die and the means by which his death was brought 
about. James holds that this book is referred to by 
Origen (Horn, in Luc. xxxv.), but this is denied by Schurer, 
who also questions its Jewish origin. With the exception 
of chaps. x.-xi., it is really a legend and not an apocalypse. 
An English translation of James’s texts will be found in 
the Ante-Nicem Christian lAlrrary, Clark, 1897, pp. 185- 
201. The Testaments of Isaac and Jacob are still ])re- 
served in Arabic and Ethiopic (see James, op, cit. 140- 
161). 

Sibylline Oracles , — We must here content ourselves in 
the main with referring the reader to Kncy, Brit, ii. 177- 
179, xxii. 13-14, for the treatment of this subject. Not 
much has been done for the exegesis of this book of recent 
years. The most important contributions are those of 
Zahn, “Ueber Ursprung und religiosen Charakter dor 
Sibyllinischen Bucher, iv.; v. ; viii. 1-216; xii. ; xiii, ” in 
the Zeitschrift fur kirchl, Wissensch, und hirchl. LeheUy 
1886, pp. 32-45, 77-87 ; Hirsch, Jewish Quarterly liemew, 
1890, jip. 406-429; Deane, Pstmlejnyiupha, 1891, pp. 
276-344; Harnack, Gesch, der altchristl, Litteratur, L 
762,861-863; ii. 1, 581 589; Charles, AWy. i. 
245-250; Schurer s, iii. 421-450; Blass in Kautzscli’s 
A 2 /ok, u. Pseud, ii. 177-184. The best edition of the text 
is that of Bzach, Oracuki Sibyllma, 1891. A Latin 
tniiislation is appended to Alexandre’s edition of the text 
and a German to that of Fried lieb. A translation in 
English blank verse has been made by Terry, The Sibyl- 
line Oracles, 1899. A litoral prose rendering, with 
some exegetical notes and a critical introduction, is a 
desideratum. 

(iii.) Wisdom Literature, 

4 Maccabees , — This book (see Kncy, Brit, xv. 131) 
bears a distinctly philosophic character. It has the form 
of a sernion of the synagogue ; for, as Frcudonthal points 
out, it presumes the presence of an audience (i. 1, xviii. 1). 
On the other hand, it was undoubtedly comiiosed with 
a view to publication in Jewish circles (xviii, 1), for its 
abstruse style is unfitted for an ordinary congregation. 
The author is a Hellenistic Jew, but his conception of 
Judaism is strongly influenced by Stoicism. He teaches 
that the true Stoic ideal is possible only in Judaism : the 
|)a,S8ioii8 are to be mastered, not exterminated, by reason ; 
that is, by pious reason. Besides the Hellenistic view that 
only the soul can attain to a blessed immortality (xiii. 16, 
XV. 2, XV ii. 18) this writer teaches that the martyrdom of 
the righteous atones for the sin of the people (vi. 29, xviL 
21). Eusebius’s ascription of the book to Josephus (//. E, 
HI. X. 6) is certainly wrong. The more recent literature 
on this book comprises Bensly’s edition of the Syriac 
version of this book. The Fourth Book of Maccabees . . . 
m Syriac, first edited ... by tke late R. L. Bensly, with an 
introduction, and iranslaticms hy Barnes, 1895 ; Swete’s 
Old Testament in Greek, 1894, iii. 729 sqq, Swete gives 
the text of A and variants from K, the Cod. Ven., and 
certain fragments of Tischendorf. A German tiunslation 
leased on the above materials will be found in Kautzsch, 
Apok. u. Pseud, ii. 152-177. 

5 Maccabees . — See Ency. Brit. xv. 131. 

Wisdom ofSolonwn . — This pseudepigraph claims to have 
been written by King Solomon (vii.-ix., cf ix. 7-8). The 
writer shows a close acquaintance with the canonical books 
bearing the name of Solomon. Siegfried (Kautzsch, Aj>ok. 
u. Pse^. i.,476) is of opinion that this work is a deliberate 
|>oleinic against the Epicurean-minded author of Ecclesi- 
astes, and seeks to present Solomon as an example 
of Jewish piety. The book was written in Greek, by 
an Alexandrian Jew. Though the Greek has many 
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Hebraiams (see Grimm, Bwk <kr Weisheit, 1860, p. 5 ; I 
Farrar, Speaket^B ApocrypJjKtf i. 404) the author displays a 
remarlmble mastery in his use of it. Margoliouth has 
sought to show that it was composed not in Greek but in 
later Hebrew {J(nirnal of tfu Eoyal Atmtic Sodtiy^ 1890, 
pp. 263-297). But the strongly idiomatic character of its 
language, the philosophic cast of the thought, its Hellcmistic 
theology and eschatology (Charles, EBchatology : Hebrew^ 
JewiBh^ and Christian^ 1899, pp. 251-258) prove incon- 
testably its original comixisition in Greek (see Freuden- 
thaUs review of Margoliouth in the Jtunsh Qitarterly 
Eeview, 1891, pp. 722-753). The author was a Jew well 
versed in Greek literature. Occasionally, it is true, he 
uses words in a non-Greek sense ; but on the other hand 
he is so thoroughly at home in Greek that, like Philo, 
he ventures to coin new compound words and phrases. 
Furthermore, he was a student of Greek philosophy, 
esi^ecially of Plato and the Stoics, and uses familiarly the 
technical language of the schools (Grimm, op. cit. pji. 19- 
20 ; h'arrar, op. dt, i. 407). The references to Egyptian 
animal- worship in xv. 18, 19, xvi. 1, 9, and the Hellenistic 
tyj)e of eschatology point to Egyjit as the home of the 
author. The book is later than Ecclemmticus, and prol)ably 
earlier than Philo’s writings. Hence in all likelihood it 
()riginated at some time within the years 150 b.c. and a.d. 
10. The writer’s object is to warn men against the folly 
of ungodliness, and i^rticularly of idolatry. He takes Ins 
stand on the current dogmas of J^latonic jihilosophy as to 
the essentially evil nature of matter and the pre-existence of 
the soul. Hence ho teaches not the resurrection of the 
body but the immortality of the soul. This consummation 
can be attained only through the life of wisdom. 

Ver8i07ift, arul Editions. — In Tlic Old Testament tn Greek, 

ii. , 8w«te follows H, and gives in the notes the variants of K, A and 
C. Kritzsehe, in his Ijibri Apoerifphi V. T. Gnres, 1871, gives, in 
addition to the docuinonts of the above MSS., those of Cod. Yen., 
the cursives and the versions ; but his collation of b is untrust- 
worthy. In 77 mj Book of Wtsiiom, 1881, Deane gives the (ireek 
text (agreeing mostly with Fritzschc), the Latin version, ainl an 
English translation and commentary. Besides the Latin there sro 
Syriac, Kthiopic, Armenian, and Arabic versions. Ofthi'sethe Ai- 
iiieniun is said to be the moat faithful. For literature generally, see 
Schuier*, iii. 382-383. 

New Testament Apocryphal Literature.^ 

(i.) Gospels Gnostic Acts of Peter, 

according to the Egyp- 

Fayum Gosiiol Fragment. Teaching of Uie Twelve AiHwtles. 

Gospel according to the Hebrews. /ij; x 

Protevangol of James. 

The Logia (?). The Abgarus Epistles. 

Gospel oi Nicodemus. Epistle of Paul to tbc Laodiceans. 

Gospel of Peter Third Epistle of Paul to the 

Gospel of Tliomas. Corinthians, and the Epistle 

Gospel of the Twelve. of the Corinthians to Paul. 

(11.) Actsaiid Tea 4 ikings of tlw (iv.) Apocalypses. 

Apostles. Greek Apocalypse of Baruch. 

Acts of Andrew. Testament of Hezekiah. 

Acts of John. Oracles of Ilystaspes. 

Acts of l*aul. Vision of Isaiah. 

Acts of Paul and Theola. Apocalypse of Peter. 

I. — Gospels. 

Gospel according to the Egyptians. — This gos{)el is first 
mentioned by Clem. Alex. {Etrom. iii. 63, 93), subse- 
quently by Origen {Heyni, in J/nc, i.) and Epiphanius 
{ileer, Ixii. 2), and a fragment is preserved in the so-called 
epistle of Clem. Bom. xiL It circulated among various 
heretical circles : amongst the Encratites (Clem. Stroni. 

iii. 9), the Naassenes (Ps. Orig. Fhilos. v. 7), and the 

^ Only such works as were written or are supposed to have been 
written before a.d. 170 will be considered here. 


Sabellians (Epiph. Host. Ixii. 2). Only three or four 
fragments survive, see Lipsius (Smith and Wace, DicU of 
Christ. Biog, ii. 712, 713); Zahn, Gesch. d. NTlichcn 
j Kanons^ ii. 628-642 ; I^eusrhen, Neste d. attsserhammi- 
seken Evangelien^ 1901, p. 2, which show that it was a 
I product of pantheistic Gnosticism. Lipsius and Zahn 
' assign it to the middle of the 2nd century. 

I Fayv/ni Gospel Fragment . — This small fragment contains 
two sayings of Christ and one of Peter, sui^h as w^e find 
in the canonical gospels, Mt. xxvi. 31-34, lyik. xiv. 27-30. 

I The papyrus, which is of the 3rd century, was discovered 
by Bickell among the Baines collection, who eliaractenzed 
it {Z. f. kath. TheoL 1885, pp. 498-504) as a fragment of 
one of the primitive gospels mentioned in Luke i. 1. On 
the other hand, it has been contended that it is merely a 
fragment of an early jiatristic homily. (See Zahn, op. cU. 
ii 780-790; Harnack, Texte nrtd (Jntersuchungen, v. 4; 
Preuschen, op. cii. 19.) 

Gospel mrording to the llehrews. — This gospel was 
cited by Ignatius {Ad Smyrnn^os^ iii.) according to Jerome 
{Viris illus. IG, and in Jes lil). xviii.), but this is declared 
to lie untrustworthy by Zalm. ojt. vit. i. 921 ; ii. 701, 702. 

I It was written in Aramaic in Hebrew letters, according 
I to Jerome {A<h. Felag. iii. 2), and translated by him 
: into (»reek and Latin. Both these translations are lost. 

A collection of the Greek and Latin fragments lliat have 
I survived, mainly in Ongen amd Jerome, will be found in 
• Hilgenfold’s ET ertra Canonem receptum^ Nicholson’s 
I Gos}»el according to the Hebrews (1879), Westcott s Introd. 
to tive Gospels, and Zahn’s Gcsch. des XTltchen Kanons, ii. 
642-723 ; Preuschen, op. cit. 5-11. Tliis gosjiel was regarded 
by many in the first centuries as the llelirew original of the 
canonical Matthew (.Jerome, in Alatt. xii. 13 ; Adv, Felag. 
iii. 1). Witli the canonicail gospel it agrees in some of 
its sayings , in others it is indejiendent. It circulated 
I among the Nazarenes in Syria, and was composed, accord- 
, ing to Zahn {op. cit. ii. 722), between the years 135 and 
150. Jerome identities it with the Gos/ttl of the Twelm 
{Ad\j. Felag. iii. 2), and states that it w^as used by the 
Ebiouites {Comm, in Matt. xii. 13) Zahn (op. at li. 
662, 724) contests both these statements. T’he former he 
traces to a mistaken interpretation of Origen {Horn I. in 
, Luc.). Lipsius, on the other hand, accejits the statements 
of Jerome (Smith and Wace, Diet, of Vhmshan Biography, 
ii. 709-712), and is of opinion that this gospel in the form 
in which it wrs knowm to Epiphanius, .Jerome, and Ongen, 
was “ a recast of an older original,’’ whicli, written origin- 
ally in Aramaic, was ntiarly related to the Logia used by 
St Matthew and the Ebiomtic wTiting used by St Luke. 
“ which itself was only a later redaction of the Logia ” 
Protevangel of James — This title W'as first given in the 
16th century to a writing which is referred to as The Book 
of James (r) B/'/SAo? 'laKotfiov) by Ongen (tom. xi in 
Alatt.). The narrative extends from the Conception of 
the Virgin to the Death of Zachanas. Li]Ksius shows that 
in the present form of the book there is side by sidti a 
strange ‘‘admixture of intimate knowledge and gross 
ignorance of Jewish thought and custom,” and that accord- 
ingly we must “distinguish between un original Jew’isli 
Christian writing and a Gnostic recast of it.” The foimer 
was known to .Justin {Dial. 78, 101) and Clem. Alex. 
{Strom, vii. 16), and belongs at latest to the earliest years 
of the 2nd century. The Gnostic recast Lipsius dates about 
the middle of the 3rd century. From these two works 
arose iiideiicndently the Frotevangel in its present lorm 
and the Latin p.seudo-Mattha 2 US. The Evanqelium de 
Natiiritate Marioe is a redaction of the latter. (See Lipsius 
in Smith’s Diet, of Christ. Biotf. ii. 701-70.3.) Zahn {Gesch. 
Kantms, i. 485, 499, 502, 504, 539 ; ii. 774-780) assigns 
the Frotevangel to the first decade of the 2nd century. 

S. 1. — 63 ^ 
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Ijogia — This name is given to the sayings 

contained in a papynis leaf by its discoverers Grenfell and 
Hunt. They think the papyrus was probably written 
about A.D. 200. According to Harnack, it is an extract 
from the Gospel of ttie Egyptians, 

Gospel of N mode mm , — Tliis title is first mot with in 
the 1 3th century. It is used to designate an a|)ocr3r])hal 
writing entitled in the ohler MSS. “ vTrofivyfjLara rov 
Kvpiov rffitov X/u(rToi5 TrpaxOevra iirl llovriov 

ITiAaTon : ” also “ Gesta Salvatoris Domini . . . iiivcnta 
Theodosio magno imyjeratore in Jerusalem in praetor lo 
J^ontii I'ilati in (sodicibus publicis.” See Tischcndorf, 
EwingeXiii Apocryphi^^ pp. 333-335. This work gives an 
account of the I’assion (i.-xi.), the llesurrectiou (xii.-xvi.), 
and tlip I)(i'<census ad Inferos (xviL-xxvii.). Chapters 
i.-xvi. are c*xtant in the Greek, Coptic, and two Armenian 
versions. The two Ijutin versions and a Byzantine recen- 
sion of the Greek contain i.-xxvii, (see Tischendorf, 
Evangelia Apocryphi^^ pp. 210-458). AH known texts 
go back to A.D. 425, if one may trust the reference to 
Theodosius. But this was only a revision, for as early as 
376 Epiphaniiis {Ilmr, i. 1) presuj»po.sos the existence of a 
like text. In 325 Eusebius ( II, E, ii. 2) was acquainted only 
with the heathen Acts of Pilate^ and knew nothing of a 
Christian work. Tischendorf and Hofmann, however, find 
evidence of its existence in Justin’s reference to the AKra 
ntXaTow (Apol, i. 35, 48), and in Tertiillian’s mention of 
the Acta Pilali {ApoL 21), and on this evidence attribute 
our texts to the first half of the 2nd century. But those 
references have boon denied by Scholten, l4ii)siu8, and 
Jjightfoot. Recently Hchubert has sought to derive the 
elements which are found in the Petrine Gospel, but not in 
the canonical gosjiels, from the original Acl^ PilaUy while 
Zahu exactly reverses the relation of these two works, 
llendel Harris (1899) advocated the view that the Gosjiel 
of Nicodemus is a prose version of the Gospel of Nico- 
demus, written in Homeric centones as early as the 2nd 
century. lAjisius and Dobschiitz relegate the book to 
the 4th century. Tlie question is not settled yet (see 
Lipsius in Smith’s Diet, (f Ghrist. Ihographyj ii. 708- 
709, and Dobschutz in Hastings’ Bible Dktivmiryy iii. 
544-547). 

Gospel of Peter, — Before 1892 we had some knowledge 
of this gosyxjl. Thus Serapioii, bishop of Antioch (a.d. 
190-203) found it in use in the church of lUiossus in 
Cilicia, and condemned it as Docetic (Eusebius, II, E, 
vi. 12. Again Origon {In Matt, tom. xvii. 10) says that 
it represented the brethren of Christ as His half-brothers, 
in 1885 a long fragment was discovered at Akhmim, and 
published l\y Bouriant in 1892, and subsequently by Lods, 
itobinson, Harnack, Zahn, Schubert, Swete. Haruack 
holds tliat Justin used this gospel, and hence assigns its 
com]>osition to the beginning of the 2nd century , »Sanday 
to 125, Zahn to 130, and Swete and Chase to 150. 

Gospel of Thomas , — ^This gospel professes to give an 
account of our Lord’s boyhood. It appears in tw^o recen- 
sions. The more complete recension bears the title Gw/xa 
^[irpaijktTov fojra ck ra naiStKa rov Kvpiov, 

and treats of the ]>enod from the 7th to the 12th year ’ 
(Tischeudorf, Evangelia Apocryphff*^, 1876, 140-157). The 
more fragmentary recension gives the history of the cliild- 
hood from the 5th to the 8th year, and is entitled -17- 
ypafifia rov aytov aTrofTToAon Ow/xa irtpi rrjs iraiSiKys 
dvaarpofjiij^ rod Kvpiov (Tischendorf, op, cit. pp. 158-163). 
Two Ijutin translations liave been ymblishod in this work 
by the same scholar — one on ]»p. 164-180, the other under 
the wrong title. Pseudo- Matthcpi EmngeUum, on pp. 93- 
112. A Syriac version, with an English translation, was 
published by Wright in 1875. This gosjiel was originally 
still more Docetic than it now is, according to Lipsius. 


Its present form is due to an orthodox revision which 
discarded, so far as possible, all Gnostic traces. Lipsius 
(Smith’s Diet, of Christ, Biog, ii. 703) assigns it to the latter 
half of the 2nd century, but Zahu {Gesch, Kam, ii. 771), 
on good grounds, to the earlier half. The latter scholar 
shows that probably it was used by Justin {Dial, 88). 
At all events it circulated among the Marcosians (Irenaeus, 
Ilmr, i. 20) and the Naasenes (Hippolytus, Eefut, v. 7), 
and subsequently among the Manich^ns, and is frequently 
quoted from Ongen downwards {Horn, I, in Lue,), If the 
stichomotry of Nicephorus is right, the existing form of 
the book is merely fragmentary compared with its original 
compass. 

Gosjjel of the Twelve, — This gospel, which Origen knew 
{Horn, /. in Lue,), is not to be identified with the Gospel 
aecording to the Hebrews (see above), with Lipsius and 
others, who have sought to reconstruct the original gospel 
from the surviving fragments of these two distinct works. 
The only surviving fragments of the Gospel of the Twelve 
have been preserved by Epiphanius {Ilasr, xxx. 13-16, 22 : 
see PreuBchon, op, cit, 9-11). It began with an account of 
the ba{)tism. It was used by the Ebionites, and was 
written, according to Zahn {op, cit, ii. 742), about a.d. 1.70. 

II. — Acts and Teachings of the Apostles, 

Acts of A^idrnv , — These acts (referred to by Euseb. 
II, E, iii. 25 ; Ejiiph. Haer, xlvii. 1, <kc.) are ascribed to 
the authorship of Leucius. Eor a complete discussion of 
the various (locuments see Lipsius, Apokryphen Apostel- 
geschichie^i, i. 543-622 ; also James in Hastings’ Bible 
Did, i. 92-93. The best texts are in Bonnet’s Acta Aposto- 
lorum Apocrypha, 1898, II. i. 1-127. 

Acts of John, — These acts {cf, Eusebius, II, E, iii. 25 ; 
E])ii)h. Ilmr, xlvii. 1), which recount many marvellous 
acts of John, his exile, and death, spring from the same 
period and authorship as the Acts of Peter, For a dis- 
cussion of this work sec Zahn, Gesch. Kanons, ii. 856- 
865; Lipsius, Apok, Apostelgesch, i, 348-542. The only 
complete text is to be found in Bonnet, Acta Apost, 
Apocrypha, 1898, pp. 151-216. See Janies, Anecdota, ii. 
])}). i.-xxv., 1-25 (1897). 

Acts of Paul, — These acts, which claim to have been 
written by Linus, are assigned by Zahn to the years 
150-180. See Gesch, Kanons, ii. 865-891, and Lipsius, 
Acta Apost, Apoc. 1891 ; Apok, Apostelgesch, ii. 70 sqq. 

Acts of Paul and Theda. — Those were written, according 
to Tertullian {De Baptisnvo, 17) by a presbyter of Asia, 
who was deposed from his office on account of his forgery. 
This, the earliest of C/hristian romances (probably before 
A.D. 150), recounts the adventures and suflerings of a 
virgin, Thecla of Iconium. Lipsius discovers Gnostic 
traits in the story, but these are denied by Zahn {Gesch, 
Kanons, ii. 902). See Lipsius, op. cit. ii. 424-467 ; Zahn 
(pp, cit, ii. 892-910). The best text is that of Lipsius, 
Acta. Ajyost. Apoe, 1891, i. 235-272. There are Syriac, 
Arabic, Kthiopic, and Slavonic versions. 

Gnostic Acts of Peter, — These acts are first mentioned 
by Eusebius (//. E. iii. 3) by name, and first referred to 
by the African poet Commodiau about a.d. 250. Yet 
liarnack assigns their composition to this period mainly 
on the ground that Hippolytus was not acquainted with 
them ; but even were this assumption true, it would not 
}>rove tlie non-existence of the acts in question. The 
literary relationship between these acts and the Loucian 
Acts of John have been shown by Lipsius, Zahn, and 
James. According to Photius, moreover, the Acts of 
Peter, also* were composed by this same Leucius Charinus, 
who, according to Zahn {Gesch, Kanems, ii. 864), wrote 
about 160 {op, cit. p. 848). These acts deal with Peter’s 
victorious conflict with Simon Magus, and his subsequent 
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martyrdom at Romo under Nero. They aro edited by 
Lipsius and Bonnet, Acta Apostolarum Apocrypha, 1891. 
See Zahn, op, dt, 832-855 ; James, Apoc, Anec, ii. pp. 
xxiv.-xxviii. ; and Chase, in Hastings’ BMe Diet iii. 
773-774. 

Preachvifig of Peter ^ — ^This book (IIcTpou Kijpvypa) gave 
the substance of a aeries of discourses spoken by one 
person in the name of tho apostles, Clement of Alex- 
andria quotes it several times as a genuine record of 
Peter’s teaching. Ileracleon had previously used jt (see 
Origon, In Evany, Johann, tf)m. xiii. 17). Jt is spoken 
unfavourably of by Origen {De PHn, Preef, 8). It was ' 
probably in the hands of Justin and Aristides. Hence 
Zalin gives its date as 90-100 at latest; Dubschutz, as 
100-110; and Harnack, as 110-130. The extant fragments 
contain sayings of Jesus, and warnings against Judaism 
and Polytheism. They have been edited by Hilgenfeld : 
iVbv. Pefit extra Can, 1884, iv. 51-65, and by von Dob- 
'schiitz. Das Kerygma Petri, 1893. Salmon {Diet, Christ, 
livog, iv. 329-330) thinks that this work is part of a 
larger work, A Preaching of Peter and a Preaching of Paul, 
implied in a statement of Lactantius {Inst, Dtv. iv. 21); 
but this view is contested by Zahn, see Gesch. Kanons, ii. 
820-834, particularly pp. 827-828 ; Chase, in Hastings’ 
Bible Diet, iv. 776. 

Acts of Thomas , — This is one of the earliest and most 
famous of the Gnostic acts. It has been hut slightly 
tampered with by orthodox hands. The Greek and 
Ijatin texts were edited by Bonnet in 1883, tho Greek 
also by James, Apoe, Anec, ii. 28-45, and the Syriac by 
Wright. Photius ascribes their composition to Tieucius 
Charinus — therefore to the 2nd century, but Lipsius 
assigns it to the early decades of the 3r<l. (See Lipsius, 
Apokryphen Apostelgesrhichten, i. 225-347.) 

Teaching of th^ Twelve Apostles (y.v.). — This important 
work was discovered by J^hilotheos Bryennios in Constanti- 
nople and published in 1883. Since that date it has been 
frequently edited. The, bibliography can be found in 
Schaff’s and in Harnack’s editions. The book divides 
itself into three parts. The first (i.-vi.) contains a body of 
ethical instruction which is foundcMl on a Jewish and 
probably pre-Christian document, which forms the basis 
also of the Epistle of Bamiahas. The second part consists 
of vii.-xv., and treats of church ritual and discipline ; and 
the third part is escliatological, and deals with the Second 
Advent. Tho book is variously dated by different 
scholars : Zahn assigns it to the years a.d. 80-120 ; Har- 
nack to 120-165 ; Lightfoot and Funk to 80-100 ; ^Imon 
to 120. See Salmon in Diet, of Christ, Biog. iv. 806-815. 

III. — Epistles. 

The Abgarus Epistles . — Those epistles are found in 
Eusebius (//. E, i. 3), who translated them from the 
Syriac. They are two in number, and purport to be a 
petition of Abgar Uchomo, king of Edessa, to Christ to 
visit Edessa, and Christs answer, promising after His 
ascension to send one of His disciples, who should “ cure 
thee of thy disease, and give eternal life and peace to thee 
and all thy people.” Lipsius thinks that these letters 
were manufactured about the year 200. (See Dirt, Christ, 
Biog, iv. 878-881, with the literature there mentioned.) The 
above correspondence, which appears also in Syriac, is 
inwoven with the legend of Addai or Thaddasus. The 
best critical edition of the Greek text will l)e found in 
Lipsius, Acta Ajmstolorum Apocryplut, 1891, pp. 279-283. 

Pauline Epistles to the Laodiceaiis aiul the Alexandrians. 
— The first of these is found only in Latin. This, 
^cording to Lightfoot (see Colossians**, 272-298) and 
^hn, is a translation from the Greek. Such an epistle 
is mentioned in tho Muratorian canon. See Zahn, op, dt. 


ii, 566-585. The Epistle to the Alexandrians is mentioned 
only in the Muratorian canon. (See Zahn, ii. 586-592.) 

Third Epistle of Paul to thx Corinthiavb, and Epistle 
from the Corinthians to Paul , — These letters, which arc still 
preserved in Armenian and Latin, are declared by Zalin to 
belong to the Arts of Paul. See Gesch, Kanons, ji. 592- 
611. On the Latin text sec Carricre and Berger, Corre- 
spondence apocr. de iS. P, et des Crmnihiens, 1891 ; Vetter, 
Der apokryphe 3 Kvrintherhrief, 1894. 

TV. Apocalypses. 

The five apocalyjises in Tisrhendorf’s Apocalyjises Apo- 
cryphxB, 1866 — Aptr. Mosis (which belongs to the Adam 
literature), Apoc, Esree, A2 k>c Pauli, Apoc. Johannis, 
Domiitio Maricc — are of too late a date to be considered 
here, though they are in some rc^spccts valuable as con- 
taining ancient elements. 

Greek Apofulypse of Baruch . — This work is referred to 
by Origen, De Princip, II. iii. 6 . “ I>enique etiain Barucli 
prophetai librum in asscrtioiiis hujns testimonium vocaiit, 
quod ibi de septem mundis vcl caclis evidentnis indicatui.” 
This book survives ill two forms in Slavonic and (irccK 
The former was edited by f’f»nwetsch in 1896, in the 
Nachrichten von der konigl, Ges. der ITuxii. zu Gdti pp. 
91-101 , the latter by James m 1897 in Anecdota, li 
84-94, with an introduction (pp li.-lxxi.). Neither work 
represents exactly the book of which Origen writes, for 
tho Slavonic mentions only two heavens and the Greek 
only five. As the original work is based on the Syriac 
Apocalypse of Baruch and the Best of the Wot'ds of Baruch, 
Its composition falls between a.d. 136 and 200, if we 
accept the date assigned by Rendel Harris to the luttei . 
A German translation of the Gr(‘ek appears in Kautzsch’s 
Apok, u. Pseud, ii, 448-457. 

Testament of llezehah . — This writing is fragmentary, 
and lias bcjen preserved merely as a constituent of the 
Ascension of Isaiah, To it belongs iii. 13Mv. 18 of 
that book. It is found under the above name, AiaO/pij 
’KfcKtbv, only in Cedrenm i. 120-121, who quotes par- 
tially iv. 12, 14, and refers to iv. 15*18. This evidence is 
supiiorted by i. 2*'-5« of the book, which describes tJie con- 
tents of llezekialis Vision, and which was inserted by the 
editor to prepare for the vision recounted in iii. 13^-iv. 18. 
This vision is definitely said to lx* Hezekiahs in i. 2, 4, 
and in the Greek Ijcgcnd, i. 2, which is built on the 
Ascension of Isaiah, The book may ha\e in jiart a 
Semitic background, as Semiticisms are found in in. 27. 
It was written between a.d. 88 and 100. The ground for 
the earlier date is furmsh(Hi by the form of the Antichrist 
myth which it attests. We have here Beliar incarnated 
as Antichrist in the form of the dead Nero. The tern anus 
ad guem is supplied by iv. 1 3, according to which few of 
tho personal discijiles of CUirist. were still living when the 
author wrote. Hence may reasonably fix this Iniiil at 
A.D. 100 at latest. JSee Charles. Ascension of Isaiah, 
1900. (For versions, editions, <tc., see section on 
“ Martyrdom of Isaiah,” and Charles, Ascension of Isaiah, 
pp. xvi., xix.-xxviii. ). This work gives us a sketch of the 
Church at the close of the 1st century. It bewails the 
fewness of the jirojihets the jirevalenct* of heresies, and 
the sad declension in Christian character. It touches 
incidentally on the Guilds, whose object was to keep 
believers in readiness for the advent of Christ, but expect- 
ing actually to expeirieiicc first tho dreaded coming of the 
Antichrist. 

Oracles of Ifystaspes , — This eschatological ^\o^k (Xp/rrew 
^'YardoTTov : so named by the anonymous 5th -century 
writer in Bureseh, Klaros, 1889, p. 95) is mentioned 
in conjunction with the SibyJliiies by Justin (Apol. 
i. 20), Clement of Alexandria {Strom, vi. 5), and Lac- 



APOLDA—APOSTOLICAL CONSTITUTIONS 


500 

tantius VII. xv. 19; xviii. 2-3). According to 

liactantius, it prophesied the overthrow of Rome and the 
advent of Zeus to help the godly and destroy tho wicked, 
but omitted all reference to tho sending of the Son of 
God. According to Justin, it prophesied the destruction 
of the world by fire. According to tho Apocryph of Paul^ 
cited by Clonicnt, Hystaspes foretold the conflict of tho 
Messiah with many kings and His advent. Finally, an 
unknown 5th-century writer (see Buresch, Klaros^ 1889, 
!>]). 87-120) says that tho OracUs of Hyatanpes dealt with 
the incarnation of tho Saviour. The work referred to in 
the last two writers has Christian elements, which were 
absent from it in Lactantius’s copy. The lost oracles were 
therefore in all probability originally Jewish, and subso- 
(piently re-edited by a Christian. 

Visum of Isatah . — This writing has been preserved in its 
entirtity in the Ascension of Isauth^ of which it eonstituU's 
cliaps vi -xi. Before its incorporation in the lattor work 
it circulated independently in Greek. Thus we have 
iiule])endent versions of these chaj)ters in f^atin and 
Slavonic. In the course of its incorporation in the 
Ascension of Isaiah it underwent certiiin changes to which 
w(i shall advert later. This work was written in Greek. 
In tho 4th century two distinct recensions of this work 
alri'ady existed. The later of these, which contained j 
1 CJor. ii. 9 in xi. 34, was known to Jerome. This | 
recAinsion (now lost) was translated into Latin and 
Slavonic. Tho earlier recension is that which apjiears in 


the Ascemion of Isaiah^ of which large fragments are 
preserved in the Greek Legend. This recension, which 
preserves several passages which are either abbreviated or 
omitted by the later recension, was translated into 
Ethiopic and Latin. Most of the latter version is lost. 
Tho original work was used by Ignatius and the author of 
the Actus Petri Vercdlenses, and in part preserved in 
Epiphanius. Accordingly we assign its composition to 
the close of the 1st century a.i>. (For the various texts, • 
the translation and interpretation, see Charles, Ascension 
of Isaiah^ 1900.) The Vision of Isaiah is valuable for the 
knowledge it affords us of Ist-century beliefs in certain 
circles as to the doctrines of the Trinity, the Incarnation, 
the Resurrection, and the Seven Heavens. (For the biblio- 
graphy, see section on “ Martyrdom of Isaiah, p. 487.) 

Apocalypse of Peter , — Till 1892 only some five or more 
fragments of this book were known to exist. These are 
preserved in Clem. Alcjx. and in Macarius Magnes (see 
Hilgenfeld, N. T. extra Can, iv. 74 syr/.; Zahn, Gesch, 
Kanons^ ii. 818-819). It is mentioned in the Muratorian 
Canon, and according to Eusebius {11, E. vi. 14. 1) was 
commented on by Clement of Alexandria. In tho frag- 
ment fopnd at Akhmim there is a prediction of the .last 
things, and a vision f'f the abode and blessedness of 
the righteous, and of the abode and torments of the 
wicked. For further information see tho editions of 
James, Lods (1892), Harnack, and Dieterich (1893). 

(r. h. c.) 


Apolda, a town of Germany, in the grand-duchy of 
Saxe-Weiraar, 9 miles by rail E. by N. from Weimar. 
Population (1885), 18,061 ; (1895), 20,‘798; (1900), 20,352. 

Apostles, Teaching: of the. See Teacu- 

iNo OF THE Apostles. 

Apostolical Constitutions. — The Apos- 
tolical Constitutions (Amrayat or Atard^cts' rwv ayiiav 
dirocrroXiov Sia KArJ/ACFTos roe 'Pw/xaiwr iwurKuTrov re Kal 
TToXtTov, KaOohiKTf SiSaoKaXfa) are a collection of ecclesi- 
astical regulations in eight books, tho last of which con- 
cludes with the ciglity-tivo Canons of the Holy Apostles, 
By their title tho Constitutions profess to have Ikjcii drawn 
up by th(i apostle.s, and to have been transmitted to the 
Church by Clement of Home; sometimes the alleged 
authors are rejiresented as speaking jointly, sometimes 
singly. From tlie first they have been very variously 
estimated ; the Canons^ as a rule, more highly than the 
rest of the work. For example, the Trullan Ckmncil of 
CJuiistantiiiople {(juini-sexturn) a.d. 692 accepts the Canons 
as geimme by its second canon, but rejects the Constitu- 
tions on the ground that spurious matter had been intro- 
duced into them by heretics ; and whilst the former were 
henceforward used freely in tlie East, only a few portions 
of the latter found their way into the Greek and oriental 
law-books. Again, Dionysius Exiguus (c. a.d. 500) trans- 
lated fifty of the Canons into Latin, although under the 
title Canones qui dicuntur Apostolorum, and thus they 
jMissod into other Western collections ; whilst the Constitu- 
tions as a whole remained unknown in the West until they 
wore published in 15G3 by the Jesuit Turrianus. At first 
received with enthusiasm, their authenticity soon came to 
be impugned ; and their true significance was largely lost 
sight of as it began to l)e realized that they were not what 
they claimed to be. Vain attempts wore still made to re- 
habilitate them, and they were, in general, more highly esti- 
mated in England tlian elsewhere. The most extravagant 
estimate of all was that of Whiston, who calls them “ the 
most sacred standard of Christianity, equal in authority to 


the Gospels themselves, and sujierior in authority to the 
epistles of single apostles, some parts of them being our 
^viour’s own original laws delivered to the apostles, and 
the other parts the public acts of the apostles ” (Historical 
preface to Primitive Christianity Revived,, pp. 85-80). 
Others, however, realized their composite character from 
the first, and by degrees some of the component documents 
became known. Bishoj) Pearson was able to say that “ the 
eight books of tlie Apostolic Constitutions have been after 
Epiphauius^s time compiled and jiatched together out of 
tho didUiscaliae or doctrines which went under tho names 
of the holy ajwstles and their disciples or successors'* 
( Vhul, Ljn, i. cap. 5) ; whilst a greater scholar still, 
Arclibishop Usher, had already gone much further, and 
concluded, forestalling tho results of modern critical 
methods, that their compiler was none other than the 
compiler of the sjmrious Ignatian epistles {Epp. Polyc, et 
Ign, p. Ixiii. f., Oxon. 1644). Tho Apostolical Constitu- 
tions, then, are spurious, and they are one of a long scries 
of documents of like character. But we have not really 
gauged their significance by saying that they are spurious. 
They are the last stage and climax of a gradual process of 
compilation and crystallization, so to speak, of unwritten 
church custom ; and a short account of this process will 
show their real imjiortance and value. 

These documents are the outcome of a tendency which is 
found in every society, religious or secular, at some jicint 
in its history. The society begins by living 
in accordance with its fundamental principles. Ortgln 
By degrees these translate tliemselves into ap- 
propriate action. Difficulties are faced and solved 
as they arise ; and when similar circumstances recur they 
will tend to be met in the same way. Thus there grows 
up by degrees a body of what may be called customary 
law. Plainly, there is no jiarticular point of time at which 
this customary law can Ixi said to have begun. To all 
appearance it was there from the first in solution and 
gradually crystallizes out ; and yet it is being continually 
modified as time goes on. Moreover, the time comes when 
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the attempt is made, either by private individuals or by 
the society itself, to put this “ customary law ” into writ- 
ing. Now when this is done, two tendencies will at once 
show themselves, This customary law ” will at once 
become more definite: the very fact of putting it into 
writing will involve an effort after logical completeness. 
There will be a tendency on the part of the writer to 
fill up gaps; to state local customs as if they obtained 
universally ; to introduce his personal equation, and to add 
* to that which is the custom that which, in his opinion, 
o'wght to bo. (2>) There will be a strong tendency to fortify 
that which has been written with great names, especially in 
days when there is no very clear notion of literary proiKsrly. 
This is done, not always with any deliberate conscious- 
ness of fraud (although it must be clearly recognized tliat 
truth is not one of the “ natural virtues,** and that the 
sense of the obligations of truthfulness was far from strong), 
but rather to emphasize the im{K)rtance of what w^as written, 
and the fact that it ivas no new invention of the wi*itcr*s. 
In a non-literary age fame gathers about great names ; and 
that which, ex hypothMi^ h^ gone on since the beginning 
of things is naturally attributed to the founders of the 
society. Then come interpolations to make tliis ascri])tion 
more probable, and the prefixing of a title, then or sub- 
sequently, which states it as a fact. This is precisely the 
way in which the Apostolical Constitutions and other 
kindred documents have come into being. They are at- 
tempts, made in various places and at different times, to 
put into writing the order and discipline and cliaracter of 
the Church ; in ])art for private instruction and edifica- 
tion, but in part also with a view to actual use ; 
frequently even with an actual reference to jmrticular cir- 
cumstances. In this lies their im])ortance, to a degree 
which has scarcely been adequately realized y(»t. They 
contain evidence of the utmost value as to the order of the 
Church in early days ; evidence, however, which needs to 
bo sifted with the greatest care, since the jx^rsonal prefer- 
ences of the witer and the customs of the local church to 
which he belongs are continually mixed uf» with things 
which liave a wider prevalence. It is only by careful 
investigation, by the method of comparisons, that these 
elements can be disentangled ; but as the number of docu- 
ments of this class known to us is continually increasing, 
their value increases even more than proiJortionately. And 
whilst their local and fugitive character must be fully 
recognized and allowed for, is it unjustifiable to set them 
aside or leave them out of account as heretical, and there- 
fore negligible. 

It will be sufficient here to mention shortly the chief 
collections of this kind w^hich came into existence during 
the first four centuries ; generally as the wtirk of 
?ecaoaB^“ jirivate individuals, and having, at any rate, no 
more than a local authority of some kind, (a) 
The earliest known to us is the Dulache or Tem^hinff of the 
Twelve Apostles^ itself compiled from earlier materials, and 
dating from, at any rate, the earlier half of the 2nil 
century [Teaching op the Apostles]. (6) The Ajiostolic 
Church Order (apostolisclte Kirchenordnung of German 
writers) ; “ Kcclosiastical Canons of the Holy A])ostles ** of 
one MS. ; Sententiae ApoRtoltyrum of Pitra * of the 3rd 
century, and emanating jirobably from Ujificr Egyjit. Its 
earlier i)art, cc. 1-14, depends upon the JDidavJuy and the 
rest of it is a book of discipline in which Haruack has 
attempted to distinguish two older fragments of church 
law {Texte tu Untera, ii. 5). (c) The so-called Canones 

Hippolyti^ probably Egyptian or Homan and of the 
beginning of the 3rd century. It will be observed that 
these make no claim to apostolic authorship ; but other- 
wise their origin is like that of the rest, unless indeed, as 
has been suggested, they represent the work of an actual 
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Homan synod. {d) The so-called Egyptian Church 
Order^ now extant only in a fragmentary Latin version 
recently published by Hauler, and as part of two 
larger collections ; the former (sometimes called the 
E^itian Church Ordinances) being cc. .31-02 of the 
Sahidic Eccleaiastuul CanoTis, and the latter being stat. 21- 
7 1 of the Ethiopic Statuies of the Apostles, It is apjian'ntly 
of the end of the 3rd century or beginning of the 4tli. 
{e) The recently-discovered Testament of tla^ Lord^ which is 
somewhat later in date, and likewise dejjends upon the 
Canones Hippolyti [Testament of i’he Lokij]. (/) The 
so-called Camme of Basil, [On the relations between the 
four last-naiQed, see Canons of Hippolytus.] (//) The 
Didascalia Apostolorum, originally written in Greek, but 
known through a Syriac version and a fragmentary Latin 
one published by Hauler, It is of the middle of the 
3rd century — in fact, a jiassage in the Latin translation 
seems to give us the date am, 254. It emanates from 
Palestine or Syria, and is indejxsndent of the documents 
already mentioned ; and upon it, as we shall see, the Cow- 
stitutions themselves very largely depend. (/;) A number 
of shorter fragments, published by Lagarde, i*itra, and 
others, (i) The Apostolicxil CtynsiituUons. — At a later 
date various collections were made of the documents above 
mentioned, or some of them, to serve as lav-]M»oks in 
different churches -e,g,, the Syrian Octateucli, the I'gyptian 
Heptateuch, and the Ethiopic Sinodo.s. These, h()we\er, 
stand on an entirely different footing, since they are sinij)ly 
collections of existing documents, and no attempt is made 
to claim apostolic authorshij) for them. 

The Constitutions themselves fall into three mam divi- 
sions. (i.) The first of these consists of books i.-vi., and 
throughout runs jiarallel to the Ihdascalva, « 

Bickell, indeed, held that this latter was an 
alibreviated form of books L-vi. ; but it is now agieed 
on all hands that the Constitutions are based on the 
Didascalia and not vice versa, (ii.) Then follows book vii., 
the first thirty-one chapters of 'which are an adaiitation oi 
the Didaehe, whilst the rest contain various liturgical lornis 
of w'liich the origin is still uncertain, though it has l)eeii 
acutely suggested by Achelis, and with gieat probability, 
that they originated in the scliismatual congiegation ol 
Lucian at Antioch, (iii.) Book viii. is more composite, 
and falls into three parts. The first two ehaptei.s, irtpl 
a-fidrtov, may be based ujion a lost woik ol fcit llijijiolytus, 
otherwise known only by a reference to it in tlie prelace 
of the I^tin version of the Egy 2 Jiian i'hurc/i Order, 
and an examination shows that this is highly jirobable. 
The next st^ction, cc. 3-27, Trcpi 28-46, 

TTcpl KttFovan', is twofold, and is evidently that upon w hich 
the writer sots most store. Tin* apostles no longer speak 
jointly, but one by one in an apostolic council, and the 
section closes with a joint decree of them all. They s|>eak 
of the ordination of bishops (the so-called Cleiiieiitine 
Liturgy is that which is directed to he used at the consecia- 
tion of a bi8hoi>, cc. 5-1 5), of pre.sbyters, deacons, deaconesses, 
sub-deacons, and lectors, and then pass on to confessors, 
virgins, widow^s, and exorcists ; after which follow.s a senes 
of canons on various subjects, and liturgical formuke. 
With regard to this section, all tliat can be said i.s that it 
includes materials which are also to be found clsewhcre- 
in the Egyptian Church Order and other documents already 
spoken of — and that the precise relation between them is 
at p*csent not determined. The third section consists of 
the Apostolic Canons already referred to, the last and most 
significant of which jilaccs the Constitutions and the two 
epistles of (fienient in the canon of Scriptuie, and omits the 
Apocalypse. They are derived in part from the preceding 
Constitutions, in part from the canons of the councils of 
Antioch, 341, Nicaea. 325, and possibly Laodicaea. 
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A com^nirLson of the Constitutious with the material upon 
which they are based will illustrate the compiler’s method, 
(a) To begin with the Didascalia, It is unmethodical 
and Ixidly digested, hoiniletical in style, and abounding in 
Biblical (piotiitioiis. There is no jirecise arrangement; but 
the subjects, following a general introduction, are the bishop 
and his duties, penance, the administration of the offerings, 
the settkiinent of dis[)utes, the divine service, the order of 
widows, deacons and deaconesses, the poor, behaviour in 
persecution, and so forth. The compiler of the* (Constitu- 
tions finds luu’fs material after his own heart. He is even 
more discursive and more homiletical in style ; he adds 
fiesli citations of the Scriptures, and additional explana- 
tions and nn^ral reflexions; and all this with so little 
judgment that ho often leaves confusion worse eoivfounded 
Ill li. 57, wlierc, upon a symbolical description of the 
(Jhureh as a sheepfold, he has 8Ui)eri in posed the furilicr 
symbolism of a ship), (b) Passing on to books vii. and viii., 
wo observe that th(j compiler’s method of necessity changes 
with Ins new material. In the former book he still makes 
largo additions and alterations, but there is less scope for 
his prolixity than before ; and in the latter, where he is 
no longcT dealing witli generalities, but making actual 
definitions, the (Jonstitutions of necessity become more 
]>reciso and statutory in form. Throughout he adopts and 
ada])ts th(^. language of his sources as far as possible, 
“only jjruiiing in the most pressing cases,” but towards 
the end he cannot avoid making larger alterations from 
time to time. And liis alterations throughout are not 
made aimlessly. Wlicre ho finds things which would 
obviously clash with the customs of his own day, he un- 
hesitatingly modifies them. An account of tlie I’assion, 
with a curiously ])erverted chronology, the object of wliich 
was to justify the huigth of the IVssion tide fast, is entirely 
revised f<ir tliis reason (v. 14); the (Jirectiou to observe 
Easter according to the Jewish computation is changed 
into the exact contrary for the same imsou (v. 1 7) ; and 
where his archetype lapses into speaking of a lull iii jier- 
secutjon he naively informs us that the Komaiis liave now 
given up ]ierseeutiiig and have adopted Christianity (vi. 26), 
forgetting altogether that he is s^xiaking in the character 
of the ajiostles. Above all, he botli magiiilies the office of 
the (Christian mini.stry as a whole and alters what is said 
of it in detail (for example, the deaconess loses rank not a 
little), to make it agree with the circumstances of his day 
in general, and with his own ideas of iitness in yiarticular. 
It is here that his evidence is at once most valuable ami 
needing to l>e used with the greatest care. To give one 
striking examjile of the value of these documents. The 
//tppoh/H (vi. 43) provide that one who has Ikhui 
a (‘onfessor for the faith may be received as a ^iresbyter by 
virtue of his conft^ssorshi]) and not by the laying on of the 
bishop’s hands , but if he l)e chosen a bishoj), he is to Im 
ordained. This provision passes on into the Egyptian 
fijtr/estafificaf Canons and other kindred documents, and 
evi'ii into the TestarnenUini Dmmni, But the coiTesjxmd- 
ing passage in the Aj-M^stolical Constitutions (viii. 23) 
entiiely reverses it. “A confessor is not ordained, for he 
IS so by choice and patience, and is worthy of great honour. 

. . . But if there occasion, he is to be ordained either 
a bishop, priest, or deacon. But if any one of the con- 
fes.sors who is not ordained snatclies to himself any such 
dignity upon account of his confession, let the same person 
bo deprived and rejected ; for he is not in such an office, 
since he has denied the constitution of Christ, and is worse 
than an infidel.” 

Who, then, is the author of the Constitutions, and what 
can lie inferred with regard to him? (i.) By separating 
off the sources which he used from bis own additions 
to them, it at once becomes clear that the latter are the 


work of one man : the stylo is unmistakable, and the 
method of working is the same throughout. The compiler 
^ of books i.>vi. is also the compiler of books vii., 
viii. (ii.) As to his theological j>osition, difiFerent 
views have been held. Funk suggests Apollinari- and*dat 9 . 
anism, which is the refuge of the destitute ; and 
Achelis inclines in the same direction. But the affinities of 
the author are quite otherwise, the most pronounced of them 
being a strong subordiuationist tendency, denial of a human 
soul to Christ, and the like, which suggest not indeed Arian- 
isiu but an inclination towards Ariamsm. Above all, his 
}>olemic is directed against tlic dying heresies of the 3nl 
century ; and he writes witli an absence of constraint which 
is not the language of one who lives amidst violent contro- 
versies or who is conscious of being in a minority. All this 
points to the yiosition of a “ conservative ” or semi-Arian of 
the East, one who belongs, perhaps, to the circle of Lucian of 
Antioch and writes before the time of Julian. It is hard to 
think of any other time or circumstances in which a man 
could write like this. (iii. ) The indications of time have been 
held to point to a different conclusion. On the one hand, 
the fact that the attempt to rebuild the temple by Julian 
in 363 is not mentioned in vi. 24 yioints to an earlier date ; 
and the fact the Kofriarat are not mentioned amongst the 
church officers points in the same direction, for elsewhere 
they are first mentioned in a rescript of Constantins in 
A.ij. 357. On the other hand, in the cycle of feasts occur 
the names of several which are probably of later date — 
c.//., Christmas and St Stephen, wliich were introduced 
at Antioch c. a.d. 378 and 379 resyiectively. Again, 
Epiphanius (c. a.i>. 374) ajqHjars to be unaciyuainted with 
it; he still quotes from the Didascalia, and elaborately 
explains it away where it is contrary to the usages of his 
own day. But as regards the former yioiut, it is possible 
that the Ajiostolical Constitutions actually gave rise to thtjse 
festivals ; or, on the other liaiid, that the two pissages were 
subsequently introduced either by the writer himself or by 
some other hand, when the last book of the Constitutions 
was being used as a law-book. And as regards the latter, 

I the fact that Epiphanius does not use the Constitutious is 
no proof that they had not yet been comjiiled. (iv.) As to 
the region of comiiosition thero is no real doubt. It was 
clearly the East, Syria or Palestine. Many indications 
aie against the latter, and Syria is strongly suggested by 
the use of the Syro- Macedonian calendar. Moreover, the 
writer represents the Itoinan Clement as the channel of 
communication between the apostles and the Church. This 
fact both 8uj»plu*s him with the name by which he is 
commonly known, Pseudo-Clement, and also furnishes cor- 
roboration of his Syrian birtli ; since* tlie other sjiurious 
writings bearing the name of Clement, the Homilies and 
Mecoyniiions, are likewise of Syrian origin. Moreover, the 
spurious Igiiatiaii epistles, which are also Syrian, depend 
throughout upon the Constitutions, (v.) But this is not 
all. It was long ago noticed that Pseudo-Clement bears 
a very close resemblance to Pseudo -Ignatius. Usher, as 
we have seen, identified them, and modern criticism accepts 
this identification as a fact (Lagarde, Harnack, Funk, Bright- 
man). Lightfoot, indeed, still hesitated (Ajk FaiJicrs ii. 
i. 266 n.) on the ground that Pseudo-Ignatius occasionally 
misunderstands the Constitutions, tliat the two writings give 
the Koman succession differently, and that Pseudo-Clement 
shows no knowledge of the Christological controversies of 
Nicaea. But as regards the first of these, it is rather a 
case of condensed citation than of misinterpretation ; the 
second is explained by the writer’s carelessness as shown 
in other 'passages, and all are solved if a considerable 
interval of time elapsed between the compilation of the 
Constitutions and the spurious Ignatian epistles. 

It is clear then that the compiler was a S 3 nrian, and that 
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he also wrote the spurious Ignatiaii epistles ; he was like- 
wise probably a semi-Arian of the school of Lucian of**^ 
Antioch. His date is given by Harnack as a.d. 340-360 , f 
with a leaning to 340-343 ; by Lightfoot as the latter 
half of the 4th century ; by Brightman, 370-380 ; and 
by Funk as the beginning of the 5th century. The present 
writer holds to the first-named of these — ie,^ 340-360. 

AUTHoaiTiES. — Uelten. Co?i8tituiwnes Apostolicof, Sueriui, 

1853. — Laoarde. IJtdascalia Apostoloruni Syriace, Lips. 1854. — 
Bunsen. ChnstianUy and Mankirui, vi. {—Analecta wnte-nicaeTui 
ii.) Lend. 1854. An unsatisfactory attempt to reconstruct the 
original Greek text of the Didancalia by means of the Syriac text 
and the Apostolical Constitutions. — Lauahde. Conaiituitoncs Apo- 
stolorufn. Lips, et Loud. 1862. — J. B. Pitua. Juris Jicelesiastici 
Graeco rum Hisloria el Monumenta^ i. Roniae, 1864 — Haulkii. 
Dulascalias Apostolorum FragnuiiUa Ueronensia Latina. Lipsiae, 
900. — See also B i okell. Ges^whU des KirekenreefUs^ i . G lessen, 
1843. — F* X. Funk. Die apostolisehen Konsittvtionrn, Rottenb. 
2891 , — Haknack. Geschickle d, aZtehrisU. Litteratur^ i. 515 fl. 
Loipz. 1893. — Buiohtman. LiturgUs Eastern and WesterHf I. 
xvii. IT. Oxford, 1896. — Achelis in Haupk, Heal-Enkyklapddte^ 
i. 784 f., Art. Apostolische Konstitutionen und Kunones.’* 
Leipz. 1896. (\v. E. Co) 

Appalachian Mountains. See Ahkkica, 

North. 

Appendicitia- -In medical nomenclatun; the ter- 
mination “itis” is used to signify infiamniatiou, and is 
arbitrarily tacked on to the end of any word, whether of 
Greek or Jjatin origin. On this principle “appendicitis” 
has been coined to designate infiammation connected with 
that jiart of the intestine which is known as the “appendix.” 
There is no reason to suppose that tlie affe.ction is more 
common than it used to be ; but it is now better understood 
and more frequently recognized, and the development 
ot modern abdominal surgery has brought it into pro- 
minence. It was formerly included under the term “ peri- 
typhlitis” — that is, inflammation connected with the 
‘^•lecum,” a portion of the large intestine, - -and some 
authorities still prefer that term as inorci scientifically 
accurate ; but it is now generally recognized that in the 
vast majority of cases the inflammation iK'gins in the 
a[)pendix, not in the inte.‘^tine jiroper. From the apjKmdix 
it extends to the surrounding peritoneum and sets up 
A localized jieritonitis, which in the worst cases may b(ic*onie 
general. 

The appendix is a narrow tube, normally aliout the size* 
of a goose quill, and from 1 inch to 5 or 6 inches in 
length The average length is 3 inches. It teriiiinate.s 

in a blunt jioint, and from 
its worm-like shajx; is called 
the a 2 >pewlix vermiform ih. It 
IS ail appendage of the large 
intestine, into wliicli it opens. 
It is not known to jHjrform 
any functions, and is re- 
garded as the degenerate 
relic, surviving in man and 
other mammals, of an earlier 
fonn of intestine. Owing 
to its shajje, character, and 
situation the appendix is 
frecjuently the seat of morbid 
changes. They have been 
observed in one-third of a 
Large iNTkhi INK HiiMwiNuVbBMironM number of bodies examined 
Appendix mortem. Inflammation 

is sot up in various ways. Foreign bodies passing down 
the intestinal canal may find their way into the appendix 
and lodge there. This was formerly believed to be the 
chief cause of mischief ; hence the warning, familiar to 
every child, against the danger of swallowing cherry stones 
and other small, hard objects. Extended knowledge, how- 



ever, has shown that such foreign bodies are only pnvscnt 
in a small minority of cases. Alore froiiuently the tube is 
found blocked by hardened fseces or undigested ]>artiele8 
of "food, such as nuts, cheese, fibrous vt'gctable matt it, 
and other imjierfoctly masticated substances. Sometimes 
calcareous concretions are formed round a nucleus furnished 
by some small body. Infiammation may occur, how i \ei, 
without any of these things. The tulie may b(‘ twisted oi 
otherwise strangulate.d, U'ading to gangrene ; or the oiifiei* 
may be closed in a similar manner, so tliat tlie tulw^ 
becomes greatly distended with niueus, which can find no 
outlet ; or ulceration of tulxTculous origin may occur. In 
all cases infiamniatiou started in tlu* a]q>endix is liable 
to spread to the surrounding inembianes, and herein lies 
the gravity of the aflTection. 

For clinical purjioses several varieties of aiipendicitis 
may conveniently be distinguished according to th(‘ degree 
and course of the inflammation : (1) siuqile infiammation, 
commonly called “catarrhal”; (li) ulcerative; (3) perfor- 
ative; (4) relapsing ; (5) chronic. 

The symjitorns vary accordingly within wide limits, 
ranging from slight pam and sickness, which pass oil' in 
a day or two, to an ('xceedingly violent illness, whicli may 
cause death in a few hours. (1) Simple inflammation. 
In a well-defined cawi the onset is siiddcm. Pain is felt 
in the l>clly, low down on the right side (the*, right iliac 
fossa), or across the front ; it is often described as 
“ radiating.” There is some fever, the tenijxjrature rising 
to IGF or 102" F., with constipation, nausea, and very 
likely vomiting. The al)doiiieu is tender to pressuie, and 
the tenderness may be referred to a particular s])ot. ^‘oino 
swelling may also be ma(U‘ out. The attack lasts for two, 
throe, or four days, and then subsules. There arc, how- 
ever, other cases less well defined, in which the mischief 
pursues a latent course, [iroduciiig little more than a 
vague abdominal uneasiness, until it suddenly advances 
into a more violent stage. (2) The illness assumes a 
more acute form, and all the syrnjitoins are more severe. 
There may l)e an initial rigor , the temperatun* ris(*s to 
104" or higher, with great prostration, s(»veri» jiaiii, and 
complete loss of appetite. An unpleasant taste in the 
mouth is often observed ; vomiting may jjcTsist and 
become fanial. Abdominal tenderness is more marked 
and general, and swelling more obvitius. I’lic patient lies 
with legs drawn up, so as to ease pressure; on the abdomen 
and lessen pain The attack may subside or go on to the 
supjiuration and the formation of an abscess. (3) If the 
abscess break into the general abdominal cavity, there is 
sudden and violent jiain with collapse. The condition is one 
of extreme gravity. Death usually follows within forty 
eight hours, and recovery is very rare. f4) Some jiorsons 
are subject to recurrent attacks of appeuclicitis, and to tins 
variety of the disease the term “relapsing” is applied. 
Such attacks do not difler in character from tho.se pre- 
viously de.scnbed. They are no doubt dui‘ to some stand- 
ing condition of the appendix coupled with inq)erfect 
performance of the digestive functions, but they only 
occur at intervals, and lietwcvn the attacks the ]>atient is 
well. (5) The chronic form of a])peiidicitis difiers fiom 
the relapsing in that the patient is iievt*r well, but always 
suffers from more or less uneasiness, wdiich is liable to 
develop into an acute attack. 

With regard to treatment it is obvious that, how(*ver 
mild ail attack may lie, an affection liable to assume such 
grave forms is not to be trifled with and demands early 
medical assistance. In the milder cases the measures 
indicated are rest in bed, hot fomentations or jioultices to 
the abdomen, and opiates to relieve pain and keep the 
intestine quiet. Leeches over the abdomen give much 
relief. Food should be hot, fluid, and given in small 
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quautities. Ice and inilk arc not suitable. Solid food 
should not be given until fever has abated and distinct 
improvement set in. Great care should be exercised iiA| 
the administration of aiierients, and as this is a matter ' 
which patients or their friends are apt to take into their | 
own hands it is mscessary to give an emphatic warning | 
against the practice so long as the symptoms described | 
are present. I'ho safest course is to eschew aperients 
altogether. In cases of moderate severity it may be 
desirable to opim the bowels, but this is IkjsL accomplished 
by enemaia. 

In the majority of cases the foregoing measures will 
suffice, but when the attack pursues an unfavourable | 
course the question of ojKsrativo interference arises. There j 
is a considerable difference of opinion among surgeons on 
the point. Some advocate early operation in all cases; 
others, of a more conservative tendency, prefer to give the 
inflammation an opportunity of subsiding without intiir- 
fereiice, and hold that in uncomplicated Ciis<*s it only 
becomes necc^ssary when the S 3 rmptomB jn^rsist after the 
hftli day. Perhaps the soundest rule is to operate in all 
doubtful (iases. llemoval of the appendix in persons 
liable to recurrent attacks lias been practised with great 
success, and may be regarded as one of the triumphs of 
modern surgery. The danger of relapsti may, however, 
be guarded against by less drastic meiina. Persons who 
have liad an attack sliould attend to tin ir mastication and 
be careful about diet. In particular, they should avoid 
indigestible substances, and counteract any tendency to 
constijiation. Exercise and abdominal massage are re- 
commended, but the advisability of the latter is open to 
question. 

The prognosis in a])]>endicitis is gimerally favourable. 
The casi^ mortality is believed tf» be about 5 ^ler cent., 
but in the graver foims it is very much highei. Men arc 
said to be more liiiblo to attack than woimm. It has 
been suggested tliat somt* constitutional states, such as a 
rheumatic or gouty tendency, predispose to appendicitis, 
but the theory is not supported by any substantial 
evidence. 

Affections with which a])])endicitis is liable to be con- 
fouiide<J are acute intestinal obstructnin, typhoid fever, 
renal and gall-stone colic. The first of these resembles 
it most elosc’ly, and diagnosis is soinotiincs very diffi- 
cult. In typhoid fever the characteristic temperature, 
the general condition of the luitieiit, and the presence of 
delirium are differentiating signs of iin])ortance ; in renal 
and gall-stone colic the situation and more paroxysmal 
character of the pain are usually distinctive;. (Sei; also 
SURUEllY.) (a. Hu) 

Appenzellp one of the Swiss cantons, since 1597 | 
divided into the tw’o half cantons of Ausser Rhoden and 
inner Rhoden, the joint total area of which is 1G1*8 stp 
miles. Of this Ausser Rhoden claims lOOi sq. miles, 97*8 
sq. miles being classed as “ })i*od active,” forests covering 
18*1 sq, miles, and vineyards *01 sq. mile, while of the 
2*7 “ unproductive ” sip miles, eternal snows cover 0*."1 sq. 
mile. Inner Rhoden has an area of 01*3 sq. miles, of 
which 5G*7 sq. miles are classed as “jiroductive,” forests 
covering 2*7 sq. miles, while of the “ unproductivo ” 4*6 
sip miles *38 is occujiied by eternal snows. The popula- 
tion of Ausser Rhoden was in 1880, 51,953; in 1888, 
54,109 ; and in 1900, 55,281, or 551 per sq. mile ; of Inner 
Rhoden the population was m 1880, 12,874; in 1888, 
12,874 ; and in 1900, 13,486, or 220 per sq. mile. The 
rate of density in the former is only exceeded in Switzer- 
land by Geneva, and Basel Stadt (BMe Villo). In 1900 
there were in Ausser Rhoden but 580 Italian-speaking (in 
Inner Rhoden, 78) and 86 (in Inner Rhoden only 4) 


French-speaking inhabitants, the rest being German- 
toeaking. The religious statistics are as follows (1900), 
^ijl^ser Rhoden — Protestants, 49,741 ; Romanists, 5501 ; 
Jews, 31; Inner Rhoden — J^testants, 830; Romanists, 
12,653. 

The loftiest point in the canton is the Santis, 8216 
feet, now crowned by an observatory and an inn. The 
|x)litical capital of Ausser Rhoden is Herisau, while 
that of Inner Rhoden is Appenzell. Both halves of the 
canton still preserve their primitive democratic assemblies. 
In 1897, the state revenue of Ausser Rhoden was 640,162 
francs (an increase of 100 per cent, since 1885), and the 
state expenditure 613,337 francs (an increase of 61 per 
cent, since 1885), while in 1898 the surplus was 18,490 
francs ; the state debt in 1897 was nil. In 1897, Inner 
Rhoden had a state revenue of 181,932 francs (an increase 
of nearly 72 per cent, since 1885), and a state expenditure 
of 165,409 francs (an increase of 64 per cent, since 1885), 
but in 1898 there was a deficit of 24,544 francs; in 1897 
there was no public debt. In 1899, tho mountain pastures 
or “alps” of Inner Rhoden wore 168 in number, and 
capable of supporting 4008 cows, while the capital value 
was })ut at 2,682,955 francs; accurate statistics have not 
yet been published as regards Ausser Rhoden. 

' App0nZ0llp the chief town of the above canton, 
situated in Inner Rhoden. The two convents are both 
Capuchin, that of the men dating from 1588, and that of 
the women being a few years later in date. The “ Teufel ” 
flag was captured from the Tyrolese in 1406 at linst, 
near Landeck. In 1888, the population of Appenzell 
(which is rather a largo village than a town) was 4472, 
and in 1899 was put at 4369. 

Kbfkrkni’ks. — AppetizelliscJi^c Jahrhtlcher. 8 series from 
1854. Trogon.— E brl Schilderutig d, Gebirgsvolker d, Schmiz* 
Leipzig, vol. 1 . (1798) describes App. — KoHiaT. JJte Alpwirth- 
achaft im Kant, App,^ Inner Rhoden. Soleure, 1899 . — Kichmax. 
Appenzell, London, 189.5 . — Zkllwkork. Qcachichle d, A pp, Volkcs 
(to 1597). 6 vols. in 11 parts. Trogen, 1830-88. iMr Kant, 

App, Trogen, 1867. (w. A. B. C.) 

Appleby, a municipal borough (1885), market-town 
and county tow'ii of Westmoreland, England, on the Eden, 
13 miles S.K. of Penrith, in the Ajqileby parliamentary 
division of the county. Station on the Midland Railway. 
The bridge over the Eden has been rebuilt. Two Wesleyan 
chapels and new grammar school buildings are modern 
erections. Area, 1855 acres; population (1881), 1855; 
(1891), 177C; (1901), 1764. 

AppletOHy a city of Wisconsin, U.S.A., the capital 
of Outagamie county, situated in 44'" 16' N. lat. and 
88" 24' W. long., at an altitude of 7 1 8 feet, in the eastern 
})art of the state, at the Grand Chuti; on Lower Fox river, 
which supjdies excellent water-power for lumber and jiaiier 
manufactures. The ])laii of the city is regular, and it is 
divided into six wards. It is entered by the Chicago and 
North-western and the Chicago, Milwaukee, and St Paul 
railways. It is the seat of Lawrence University. Tho 
city received its name from Samuel Appleton, who was 
one of its founders, and a leading spirit in the organiza- 
tion of Lawrence University. Population (1880), 8005 ; 
(1890), 11,869; (1900), 15,085. 

AppomattOXy a village of Ap|)omattox county, 
Virginia, U.S.A., formerly the capital. It is situated 
in southern Virginia, on the Norfolk and Western railway. 
It is noted as the scene of the surrender of the army of 
northern Virginia under General Lee to the Federal forces 
under Gfant on 9th April 1 865. 

ApIMrtiOnnnant. — The term “apportionment” 
is used in law in a variety of senses : — (i.) Sometimes it 
is employed, roughly and with no technical meaning, to 
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indicate the distribution of a benefit (^.<7., salvage), 0# 
the incidence of a duty (0.^., obligations as to the 
tenance of highways); (ii.) In its strict legal interpreti?^ 
tion it falls into two claves, ** apportionment in respect of 
estate” and “ ai)portionment in respect of time.” Where 
a lessee is evicted from, or surrenders, or forfeits posses- 
sion of part of the property leased to him, he becomes 
liable at common law to pay only a rent apportioned to 
the value of the interest which he still retains. So where 
the person entitled to the reversion of an estate assigns 
part of it, the right to an apportioned part of the rent 
incident to the whole reversion passes to his assignee. In 
each of these cases there is said to be **apj)ortionment in 
respect of estate.” Ap{)ortionment of this description may 
be brought about not only, as in the cases above noted, 
by the act of the parties, but also by operation of law, or j 
by the “ act of God ” (as, for instance, where part of an 
estate is submerged by the encroachments of the sea) ; 
and to the same category Ixslongs the apportionment which 
takes place under various statutes {e.r/., the Lands Clauses 
Act, 1845), when land is required for public purposes. 
Under the Apportionment Act, 1870, rents, annuities, 
dividends, and other payments at fixed periods, are to bo 
considered os accruing from day to day, and to be appor- I 
tionable accordingly. This is “aj)portionment in respect 1 
of time.” The cases to which it applies are mainly cases ! 
of either {a) apportionment of rent due under leases wliero ' 
at a time between the dates fixed for pa3rment the lessor 
or lessee dies, or some other alteration in the position of 
parties occurs ; or (A) apportionment of income between the 
representatives of a limited owner and the remainder-man 
when the limited interest determines at a time between 
the date when such income became due. (a. w. u.) 

Apulia, Italian Puffhoy a territorial division of 
Italy, stretching from Monte Gargano to the extremity 
of the ** heel,” and embracing the provinces of Bari, Foggia, 
and Lecce, with an area of 7376 sq. miles and a popula- 
tion of 1,589,064 (1881), and 1,929,723 (1899). It is a 
treeless plain, growing corn and feeding sheep, the prin- 
cipal wealth of the inhabitants. The products next in 
importance are oats, barley, olives, wine, lemons, orange.s, 
tobacco, and figs. Salt, limestone, and other building 
stone are extracted. Wool is a source of wealth. Dis- 
tilleries (66 in 1899, producing 146,775 gallons of pure 
spirit), olive-oil mills, the manufacture of casks and 
porcelain, iron-works and foundries are the most imj)ortant 
of the industries. The principal ports are Briudi.si, 
Gallipoli, Taranto, Bari, Barletta, Molfetta, Manfredonia, 
Trani, Bisceglie, Mola di Bari, and Monopoli. Apart from 
these, the more important towns are Lecce, Foggia, 
Bitonto, San Severe, Cerignola, Andria, and Terlizzi. 

Apura. See OiiiNoco. 

ApurllYICMy an interior department of southern 
Peru, with an area of 8187 square miles and a ])opulation 
officuilly estimated at 177,387 in 1896. It embraces five 
l)rovinces, Andahuaylas, Abancay, Cotabambas, Aymaraes, 
and Antabamba. The princi|)al towns are Andahuaylas 
and Abancay. 

ACfUflirlft for a marine flora and fauna, which in 
1875 (the date of the article on this subject in the ninth 
edition of this EncyclojxBdia) were little more tlmn 
domestic toys, or show-places of a popular character, 
have of late years not only assumed a profound scientific 
im{K>rtance for the convenient study of anatomical and 
physiological problems in marine botany and zoology, but 
have also attained an economic value, as offering the best 
opportunities for that study of the habits and environment 
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marketable food-fish without which no steps for the 
Improvement of sea-fisheries can Iks safely taken. The 
'nilmerous “zoological stations” which have spiung up, 
chiefly in Euroiie and the United States, but also in the 
British colonics and Japan, often endeavour to unite tliese 
two aims, and have in many cases become centic's of ex- 
jierimental work in problems relating t<t fisheries, as well as 
in less directly jiractical subjects. Of these .stations, tin* 
oldest and the most imi>ortant is that at Najilcs, whicli, 
though designed for purely scientific objects, also en- 
courages tiopular study by means of a j>ublic afiuariuni. 
The foUowiiig account of this sttition fiom the pen of Dr 
Giesbrecht, a member of the staff, aviU serve to .show^ the 
methods and aims, and the comiJex and expensive i*(juijt- 
meiit of a modern aquarium : - 

The ssoological station at ^al)l(•8 is an instiuilioii for the atlvanco- 
inentof hiolojpcal science — that is, of comnarative anatomy, zoology, 
botany, physiology. It servos this oiid ny providing the biologist 
with the various objects of bis study ami the necessai y appliances ; 
it is not a teaching institution The station was touiided by Di 
Anton Dohrn, and otiened in the spiiiig ol* 1874 , it is the oldest 
and largest of all biological stations, of which theii* are now alioiil 
thirty in oxistonee. Its two bujhlntgs are situated near the sea- 
shore in the western town park (N illa Na/ionale) of Naples. The 
older and larger one, 8.3 metres long, 24 in deep, IfJ m. high, 
contains on the ground floor the aquarium, which is oj>en to the 

I mblic. On tho first floor there is, facing south, the principal 
ibrary, ornamented with fresco ]>aiiitings. and, facing north, a 
largo hall containing twelve working tables, soveial hinallcr 
rooms, and the secretarial ofhees. On the second floor is 
the ))hyBiological laboratory, and on the third floor the small 
library, a hall with several working tables, and the daik looms 
I used in developing photographs. The giound floot of the smaller 
' building, whieli w'as flnisnea in 1887, eoniains the rooms in which 
. the animals are delivered, soited, and preseived, and the fishing 
' tackle kept, together W'lth the workshop o(‘ the engineer ; on the 
first and second floors aio work-rooms, amongst others the botanical 
laboratory ; on the third floor aie store-rooms. In the basement 
of both buildings, which is continued underneath the coiiit, there 
are sea- water cisterns and filters, engines, and stou-rooms. The 
materials for study wliiidi the station olfeis to tho biologist aic 
I specimens of marine animals and })lanls which abound 111 the 
western ]»art of tho Meditenanean, and esjK*cially 111 tho Oiill of 
I Naples. To obtain these, two screw -steameis and several lowing 
i lioats are required, w Inch arc mo»>red in the liaibour ol MergeJhiia, 

, situated close by. Tho larger steamer, Johannes Muller (1,'i m. 
long, m. wide, 1 m. draught), which can steam eight to leu 
English miles per hour, is provided with a steam dredge working 
to a depth of eighty fathoms. From the small siLamer, Futii/r 
Balfour^ and tho rowing bouts, the fishing is done !>> means of 
tow -nets. Besides these there are liblicniien and others who 
daily supply living material for study. The plankton (small 
floating animals) is diblnbuted in the morning, otlicr animals 
as reqiiirod. The animals brought in by the fishermen aii; at 
once distributed amongst the biologists, whereas the material 
brought up by the dredges i.s jilaeed in flat revolving wooden 
veHs&, 80 as to gi>e the .siiiallei animalh time to come out of 
their hiding- places. The btudeiits who work in the station 
have the first claim 011 specimens of plants and animals ; 
but specimens are also supplied to museums, laboratoncs, and 
schools, and to individuals engaged in original leseareh else- 
w^hore. Up to the i»r«‘seiit time about 4000 such ]>areols have 
been despatched, uiui not infrequently li\c siicciiiiens of animals 
are sent to distant places This side of the work has been of very 
great value to science. The luincipal apjiiances for study with 
which tho station )»rovides the niologist aie work-rooms furnished 
with the apparatus and chemicals necessary for anatomical reseaixili 
and pbysiologii-al ex]>oiinients and tanks. Every student receive.s 
a tank for his own swcial use Tho laige tanks of the juincipal 
aqiiariuin are also at iiis disposal foi purposes of obser^alioll and 
experiment if nt*<*e.ssary. 

The water in the tanks is kiqit fresh by continual eirculalion, 
and is thus charged with the oxygen necessary to the life of tin* 
orgarisms. It is not punqiod into the tanks directly from the 
sea, hut from throe large cisterns (containing 800 cubic metros), 
to which it again returns from the tanks. The w atcr a\ asted or 
evaporated during this process is rejdaced by new w ator puinpcd 
into tho cisterns directly from the sea. The w'ater flows from 
the largo cisterns into a smaller cistern, from wdneh it is dis- 
tributed by means of an electric pump through vulcanite or 
lead pipes to the various tanks. Ihc water with which tho 
tanks on the upper floors arc filled is first pumped into large 
wooden tanks placed lieiieath the roof, thence it flows, under • 

S. T. — 64 
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almost constant pressure, into the tanks. The water circulate 
in this manner contains b3r far the largest number of such 
animals as are capable of living in captivity in good condition. 
Some of them even increase at an undesirable rate, and it Mine* ^ 
times happens that young Mytilus or Ciona stop U]) the pipes ; 
in laying these, therefore, due regard must be had to the 
arrangements for cleaning. For the cultivation of very delicate 
animals it is necessary to keep the water absolutely free from 
harmful bacteria ; for this purpose large sand-iilters have lately 
been placed in the system, through which the water passes after 
leaving the cisterns. Each of the smaller cisterns, which arc hxed 
in the" work-rooms, consists of two water- tanks, placed one above 
the other ; their frames are of wrought iron and the walls generally 
of glass. Vessels containing minute animals can bo placed Ijetwcen 
these twfj tanks, receiving their water through a siphon from the 
upper tank , the water afterwards flows away into the lower tank. 

The twenty-six tanks of the public aquarium (the largest of 
which contains 112 cubic metros of water) have stone \ialls, the 
front portion alone being made of glass. As the tanks hold a 
very large nunihor of animals in proportion to the qiiantitv of 
water, they require to be well aerated. The pijws through which 
the water is conducted are therefore placed above the surface of 
the w'ater, and the fresh supply is driven through them under 
strong pressure. A largo quantity of air in the form of flne 
hubbies is thus taken to the bottom of the tank and distributed 
through the entire mass of water. Should the organisms which 
it is desired to keep alive be very minute, there is a danger of their 
being washed away by the circulating water. To obviate this, 
(Mther the water which flows away is passed through a strainer, or 
the water is not changed at all, air being driven through it by 
means of an apparatus put into motion by the drinking -water 
supply. 

The lilirary contains about 9000 volumes, which .students use 
niLh the help of a sii]) calalogue, arranged according to authors. 
The station has piihli.shod at intervals since 1879 two periodicals 
treating of the organisms of the Mediterranean. One is Fnuna 
ut\d Flora dcs Uolfcs von Neapcl, the other Mitthnhintjen nus der 
Zoolotjincken Station zii Ncaprh The furiiior consists of mono- 
graphs in which s])6cial groups of animals and ]ilants are most 
exhaustively treated and the Morliterranean s]>oeies ])orlrayed 
according to life in natural colours ; up to tiie jirosent lime 
tweniy-one sioologieal and five botanical monographs have ap- 
peared, making altogether 1200 4 to sheets- with alamt 400 plates. 
Of the Mittkeilangcn^ which contain smaller articles on organisms 
of the Mediterranean, tour toon volumes iii 8vo have been jmb- 
lished. The station also publishes a Zoolo(ji$cher Jahresbertcht, 
which at first treated of the oiitiro iield of roologj', but since 1886 
has been conlinod principally to Comparative Anatomy and 
Ontogeny ; it amioars eight to nine months after the end of the 
year reported. The Guide to the Aquaninn^ with its descriptions 
and numerous pictures, is meant to give the lay visitor an idea of 
the marine animal world. 

There arc about forty oflicials, amongst them six xoolooiBts, 
one jihysiologist, one secretary, tivo drauglitsineii, one engineer. 
The station is a private institution, open to biologists of all 
nations under the following conditions : there arc agreements 
with the Governineiits of Austria, Raden, Bavaria, Belgium, 
Hamburg, Holland, Hesse, Italy, Prussia, Russia, Saxony, 
Switzerland, Hungary, VVurteraburg, the province of Naples, and i 
the Universities of Caiiihridgo, Oxford, Strassburg, Columbia 
College (New’ York), and the British Association for the Advance- 
ment of Science, the Sniith'soiiiaii Institute, and a society of 
W’umcii in the United States of North America (formerly also with 
Bulgaria, Rumania, Spam, the Academy of Sciences in Beilin, 
Williams College, University ol Pennsylvania), by virtue of which 
the Qo vernmeiits and corporate bodies named have the right, on 
jia^meni of £100 per annum, to send a worker to the slaiion ; 
this plac’es at his disposal a table " or workplace, furnished 
with all the necessary appliances and materials as set down in the 
agreement. At present there are agreements for thirty-three 
tables, and since the foundation of the station nearly 1200 
biologists liave w’orkod tlicio. The current expenses are paid out 
of the table-rents, the entrance foes to the public aquarium, and 
an annual subveuti m paid b^’ the Gorman Empire. 

In England a station on similar lines, but on a smaller 
scale, is maintained at Plymouth by the Marine Biological 
Association of the United Kingdom, with the help of 
subsidies from the Government and the Fishmongers' 
Comiwiny. 

Little difficulty is experienced in maintaining, breeding, 
and rearing fresh -water animals in captivity, but for 
many various reasons it is only by unremitting attention 
and foresight that most marine animals can be kept even 
alive in aquaria, and very few indeed can be maintained 


in a condition healthy enough to breed. Much experi- 
ence, however, has been gained of late years at considerable 
expense, both at home and abroad. In starting a marine 
aquarium of whatever size, it should be obvious that the 
first consideration must be a supply of the purest possible 
water, as free as may be, not only from land-drainage and 
sewage, but also from such suspended matters as chalk, 

I fine sand, or mud. This is most ideally and economically 
secured l3y placing the station a few feet above high- 
water miirk, in as sheltered a position as possible, on a 
rocky coast, pumping from the sea to a large reservoir 
above the station, and allowing the water to circulate 
gently thence through the tanks by gravity (Banyuls). 
At an inland aquarium (Berlin, Hamburg), given pure 
water in the first instance, excellent if less com- 
lilete results may nevertheless be obtained. The next 
consideration is the method by which oxygen is to be 
su]>plied to the organisms in the aquarium. Of the two 
methods hitherto in use, that of pumping a jet of air 
into tanks otherwise stagnant or nearly so (Brighton), 
while supplying sufficient oxygen, has so many other dis- 
advantages, that it has not been employed regularly in 
any of the more modern aquaria. It is, however,, still 
useful in aerating quite small bodies of water in which 
hardy and minute organisms can be isolated and kej>t 
under control. In the other method, now in general use, 
a fine jet of water u"der pressure falls on to the surface 
of the tank; this carries down with it a more than 
sufficient air-supply, analysis showing in some cases a 
higher {lercentage of oxygen in aquarium water than in 
the open sea. 

This water supply is best effected by gravity from 
reservoirs placed above the tanks, but may be also 
achieved by direct pumping from low reservoirs or from the 
sea to the tanks. Provided tliat an unlimited suiqily of 
pure water can be obtained cheaply, the overflow from the 
tanks is best run to waste ; but in aquaria less fortunately 
placed, it returns to a storage low-level reservoir, from 
which it is again pumjied, thus circulating round and round 
(Naples, Plymouth). The storage reservoirs should be in 
all cases very large in comparison with the bulk of water 
in circulation ; if practicable, they should be excavated in 
rock, and lined with the best cement. There is no reason 
why they should not be shallow, exposed to light and air, 
and cultivated as rock-pools by the introduction of sea- 
weeds and small animals, but they must then be screened 
from rain, cold, and dust. The jmmps used in circulation 
will be less likely to kill minute animals if of the plunger 
or ram tyiie, rather than rotary, and should be of guu- 
mctal or one of the new bronze-alloys which take a patina 
in salt water. For the circulating pipes many materials 
have been tried. Vulcanite is not only expensive and 
brittle, but has other disadvantages ; common iron pipes, 
coated internally with cement or asphalt, or glazed in- 
ternally, with all unions and joints cemented, have been 
used with more or less success. Probably best of all is 
common lead piping, the joints being served with red- 
lead ; water should be circulated through such pijies till 
they become coated with insoluble carbonate, for some 
time before animals are jmt into the tanks. For small 
installations glass may be used, the joints being made with 
marine glue or other suitable cement. 

lu building the tanks themselves, regard must be had 
to their special purposes. If intended for show-tanks for 
|K)pular admiration, or for the study of large animals, they 
must be* large with a plate-glass front ; for ordinary scien- 
tific work small tanks with all sides opaque are preferable 
from every point of view. According to their character, 
size, and position, fixed tanks may be of brickwork, 
masonry, or rock, coated in each case with cement; 
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asphalting the sides offers no particular advantages, and 
often gives rise to great trouble and expense. All rnate^ 
rials, and especially the cements, must be of the iinest 
quality procurable. For smaller and movable tanks, 
slate slabs bolted or screwed together liave some dis- 
advantages, notably those of expense, weight, and brittle- 
ness, but are often used. Better, cheaiJer, and lighter, if 
less i)ermanent, are tanks of wood bolted together, pitched 
. internally. Glass bell-jars, useful in jjarticular cases, 
should generally have their sides darkened, except when 
required for observation. Provision should always be 
made for cleaning every part of the tanks, pipes, and 
reservoirs; all rock-work in tanks should therefore be 
removable. As regards the lighting of fixed tanks, it 
should always be directly from above. In all tanks with 
glass sides, whether large or small, as much light as 
l) 0 ssible should be kept from entering through the glass ; 
otherwise, with a side-light, many animals become restless, 
and wear themselves out against the glass, affected by 
even so little light as comes through an opposite tank. 

In cases whore distance from the sea or other causes 
make it impracticable to allow the overflow from the tanks 
to run to waste, special precautions must be taken to keep 
the water pure. Chemically si[H»aking, the chief character 
of the water in an aquarium circulation, when compared 
with that of the ofien sea, lies in the excessive quantity of 
nitrogen present in various forms, and the reduced alka- 
linity ; these two being probably connected. The excess 
of nitrogen is referable to dead animals, to waste food, 
and to the excreta of the living organisms. The first two 
of these sources of contamination may lie reduced by care 
and cleanliness, and by the maintenance of a flow of w'ater 
sufficient to prevent the excessive accumulation of sediment 
in the tanks. The following experiment shows the rapid 
rise of nitrogen if unchecked, A tank with a considerable 
fauna was isolated from the general circulation and aerattnl 
by four air -jets, except during hours 121-166 of the 
experiment ; column I. shows 100,000 the nitrogen 
estimated as ainmoma, column IT. the total inorganic 
nitrogen : — 
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During this time the alkalinity was reduced to the 
ecjuivalent of 30 mg. CaCOj, per litre, ocean water having 
an alkalinity equivalent to 50-55 mg. jier litre. It has 
been suggested that the organic nitrogen becomes oxidiz^ed 
into nitrous, then into nitric acid, which lowers the 
carbonate values. A great deal of reduction of this 
nitrogenous contamination can be effected by filtration, a 
method first introduced successfully at Hamburg, where a 
most thriving aquarium has been maintained by the local 
Zoological Society for many years on the circulation prin- 
ciple, new water being adde^ only to couqjensate for waste 
and cvajioration. The filters consist of o|ien double boxes, 
the inner having a bottom of jierforated slate on which 
rests rougli gravel ; on the latter is fine gravel, then 
coarse, and finally fine sand. Filtration may be either 
upwards or downwards through the inner box to the outer. 
Such filters, intercalated between tanks and reservoir, have 
been shown by analysis to stop a very large jjroportion of 
nitrogenous matter. It is doubtful whether aquarium 
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water will not always show an excess of nitrogenous 
compounds, but they must be kept down in every way pos- 
sible. In small tanks, well lighted, sea-weeds mu be gut 
to fiourish in a way that has not been found ]»nictieiible 
in large tanks with a circulation ; these, with 
branchs and small Crustacea as scavengers, will 1 k' fuund 
useful in this connexion. Slight or occasional circulation 
should be employed here also, to remove the film of dust 
and other matters, which otherwise ( overs the surface of 
the water and prevents due oxygenation 

In such small tanks for domestic use the fauna must 
bo practically limited to bottom living animals, but for 
purjioses of research it is often desired to keep alive 
larval and other surface -swimming animals (jilanktoii). 
In this case a further difficulty is ])reseiited, that of hel]i- 
ing to suspend the animals in the water, and thus to 
avoid the exhaustion and death which soon follow their 
unaided efforts to keep off the bottom ; this duty is 
effected in nature by specific gravity, tide, and surface* 
current. In order to deal with this difficulty a simple but 
efficient ap|)aratu.s has l>een devised by ]\li E. T. Browne , 
a “plunger,” generally a glass plate or filter funnel, moves 
slowly up and down in a bell-jar or other small tank, with 
a jieriod of rest lietweeu each stroke ; the motive power is 
obtained through a simple bucket-and-siphon arrangement 
worked by the overflow from other tanks. Tins ajqia 
ratus (first used at the Plymouth Lalxjratory of the 
Marine Biological Association in 1897, and since intro- 
duced into similar institutions), by causing slight eddies 
in the w^ater, keei^s the floating fauna in suspension, 
and has jiroved very successful in rearing larva* and in 
similar work (cr. n Fo) 

AC|U0ClUCta — The term aqueduct, althoiigli pro- 
|>erly including artificial works of evc‘ry kind by means of 
which water is conveyed from one i>lace to another, is 
generally used in a more limited sense. It is, in fact, 
rarely employed exce])t in cases where tlie work is of con- 
siderable magnitude and importance, ami where tin* water 
flows naturally by gravitation 

The most imjiortant purpose for wdiicli aqueducts are 
constructed is tliat of conveying pure water, from s(»urces 
more or less distant, to large masses of ]>opuIit- 
tioii. Where towns ai*e favourably situated the 
aqueduct may be very short and its c'ost bear 
a relatively small prot»ortion to tlie total outlay 
ui>on a scheme of water sui)ply, but wdicit* distant sources 
have to lie relied uiioii the cost of the aipieduct liecomes 
one of the most important features in the sclienio, ami the 
quantity of water obtainable must be t'onsiderable t(i 
justify the outlay. Hence it is that only very laige towns 
can undertake the responsibility for this expenditure, 
though, either voluntarily on the part of the promoters, 
or by the action of Parliament, smaller .sanitary districts 
near the aqueduct are allowed to become i iistomers for the 
water. In Groat Britain it has, in fact, in all large schemes 
become a condition that, when a town is jiermitted to go 
outside its own watershed, it shall, subject to a jiriority of a 
certain number of gallons per dayjier liead of its ow'n inhabi- 
tants, allow local authorities, any part of whose district is 
within a certain nuinher of miles of the aqueduct, to take a 
supply on reasonable terms. The first case in which this 
prin^*iple was adopted on a large scale was the Thirlmere 
scheme, sanctioned by Parliament in 1879, for augment- 
ing the supply of Manchester. The yirevious supply was 
derived from a source only about 1 5 miles distant, and the 
cost of the aqueduct, chiefly cast-iron pipes, was insignificant 
compared with the cost of the iin])ouiiding reservoirs. 
But Thirlmere is 96 miles distant from the service resei voir 
near Manchester, and the cost of the aqueduct w^as more 
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than 90 i3er cent, of the total cost. As a supply of about 
50,000,000 gallons a day is available the outlay was 
justifiable, and the water is in fact very cheaply obtained. 
Liverpool derives a sujiply of al>out 40,000,000 gallons a 
day from the river Vyrnwy in North Wales, 68 miles 
distant, and Birmingham is constructing works for im- 
jKiunding water in Itadnorshiro, and conveying it a distance 
of 74 miles, the 8uj»]3ly being about 76,000,000 gallons a 
day. In th<5 year 1899 an Act of Parliament was jiasscd 
authorizing the towns of Derby, Leicester, Sheffield, and 
Nottingham, jointly to obtain a supply of water from the 
head waters of the river Derwent in Derbyshire. Leicester 
is 60 miles distant from this source, and its share of 
the supply is alx)ut 10,000,000 gallons a day. For more 
than half the distance, however, the aqueduct is common 
to Derby and Nottingham, which together are entitled to 
about 16,000,000 gallons a day, and the expense to 
Leicester is correspondingly reduced. Those are the most 
important cases of long aqueducts in England, and all are 
subsequent to 1879. It is obvious, therefore, how greatly 
the design and construction of the aqueduct have grown in 
imiiortance, and what care must be exorcised in order that 
tlie supply upon which such large populations depend may 
not bo interruiited, and that the country through whicli 
such large volumes of water are conveyed may not 1x5 
flooded in consequence of the failure of any of the works. 

Practically only two types of aqueduct are used in 
England. The one is built of concrete, brickwork, itc., 
the other of ciist-iron (or, in sjiccial circumstances, 
C^truG- j»ipc8. In the former type the water sur- 

face coincides with the hydraulic gradient, and 
the conditions are those of an artificial river ; the aqueduct 
must tlu»r(4‘oro be carefully graded throughout, so that the 
fall available between source and termination may lx* 
economically distributed. This condition requires that 
the ground in which the work is built shall be at the 
proper elevation ; if at any point this is not the case, the 
acpiednct must be carried on a substructure built up to 
the required level. Such large structures a)*e, however, 
extremely e.vpeusive, and require elaborate devices for 
maintaining watertightness against the expansion and con- 
traction of the masonry due to changes of temperature. 
Th(\v are now only used whore their length is very short, 
as 111 eases where mountain streams Jiave to be crossed, 
and even these short lengths are a\<)idi*d by some 
engineers, who arrange that the atpiediict shall pass, 
wJierever ]»racticable, under the streams. Where wide 
Vedloys interrupt the course of the built aqueduct, or 
where the absence of liigh ground prevents the adoption of 
that type at any jiart of the route, tlic cast-iron pipes 
hereafter referreil to are used. 

The built aqueduct may be either in tunnel, or eut-and- 
cover, the latter term denoting the jirocess of cutting the 
trench, building the floor, side -walls, and roof, 
MmBoury covering with earth, the surface of the 

que u s. being restored as before. For works 

conveying water for domestic 8up]dy, the aqueduct is iu 
theses days, in England, always covered. Where, as is 
usiuvlly the case, the water is derived from a tract of 
mountainous country, the tunnel work is sometimes very 
heavy. Jn the case of the Thirlmere aqueduct, out of the 
first 13 miles the length of the tunnelled portions is 8 
miles, the longest tunnel being 3 miles in length. Con- 
ditions of time, and the diameter of the rock, usually re- 
quire the use of machinery for driving, at any rate in the 
case of the longer tunnels. For the comparatively small 
tunnels ro(]uired for aqucilucts, two percussion drilling 
machines are usually mounted on a carriage, the motive 
jiowcr being derived from compressed air sent up the 
tunnel in pi|XJS. The holes when driven are charged with 
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explosives and fired. In the Thirlmere tunnels, driven 
through very hard Lower Silurian strata, the progress was 
about 13 yards a week at each face, work being carried on 
continuously day and night for six days a week. Where 
the character of the country through which the aqueduct 
] lasses is much the same as that from which the supply is 
derived, the tunnels need not be lined with concrete, <kc., 
more than is absolutely necessary for retaining the water 
and supporting weak places in the rock ; the floor, how- • 
ever, is nearly always so treated. The lining, whether in 
tunnel or cut -and -cover, may be either of concrete, or 
brickwork, or of concrete faced with brickwork. To 
ensure the impermeability of work constructed with these 
materials is in jiractice somewhat difficult, and no matter 
how much care is taken by those supervising the work- 
men, and even by the workmen themselves, it is impossible 
to guarantee entire freedom from trouble in this respect. 
With a wall only about 15 inches thick, any neglect is 
certain to make the work iiermeable ; frequently the 
labourers do not distribute the broken stone and fine 
material of the concrete uniformly, and no matter how 
excellent the design, the quality of materials, ikc., a leak 
is sure to occur at such places (unless, indeed, the pressure 
of the outside water is sujxjrior and an inflow occurs). 

A further cause of trouble lies in the water which flows 
from the strata on to the concrete, and washes away some 
of the cement upon which the work depends for its 
watertightness, before it has time to set. For this reason 
it is advisable to put in the floor before, and not after, 
the side-walls and arch have Ixsen built, otherwise the only 
outlet for the water in the strata is through the ground 
on which the floor has to be laid. Each length of about 
20 feet sliould be completely constructed before the next 
is begun, the water then having an easy exit at the lead- 
ing end. Manholes, by which the aijneduct can be entered, 
are usually placed in the roof at convenient intervals ; thus, 
in the case of the Thirlmere acjueduct, they occur at every 
quarter of a mile. 

In some parts of America aqueducts are frequently 
constructed of wood, being then termed flumes. These 
are probably more extensively used in California 
than in any other ])art of the world, for 
conveying large quantities of water which is 
required for hydraulic mining, for irrigation, for the supply 
of towns, and for transporting timber. The flumes are fre- 
quently carried along precipitous mountain slopes, and across 
valleys, supported on trestles. In Fresno county, California, 
there is a flume 52 miles in length for transporting timber 
from the Sierra Nevada Mountains to the plain Ix^low ; it 
has a rectangular V-shajied section, .3 feet 7 inches wide 
at the top, and 21 inches deep vertically. The boards 
which form the sides are 14 inches thick, and some of the 
trestlework is 130 feet high. TJio steepest grade occurs 
where there is a fall of 730 feet in a length of 3000 feet. 
About 9,000,000 feet of timber were used in the con- 
struction. At San Diego there is a flume 35 miles long 
for irrigation and domestic supply, the cajmeity being 50 
feet per second ; it has 315 trestle bridges (the longest 
of which is that across Los Coches Creek, 1794 feet in 
length and 65 feet in height) and 8 tunnels, and the cost 
was $900,000. The great l^nch flume of the Highline 
canal, Colorado, is 2640 feet in length, 28 feet wide, and 
7 feet deep; the gradient is 5*28 feet i>er mile, and the 
discliargo 1184 feet ];x5r second. 

As previously stated, the t3qx5 of aqueduct built of con- 
crete, &c,, can only be adopted where the ground is 
sufficiently elevated to carry it, and where the quantity 
of water to be conveyed makes it more economical than 
piping. Where the falling contour is interrupted by valleys 
too wide for a masonry structure above the surface of the 
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ground, the detached portions of the built aqueduct must 
be connected by rows of pipes laid beneath, and follow- 
ing the main undulations of, the surface. In 
such cases the built aqueduct terminates in a 
piping. chamber of sufficient size to enclose the mouths 
of the several pijies, which, thus cliarged, carry 
the water under the Vfidley up to a corresponding 
chamber on the further hillside from which the built 
^aqueduct again carries on the 8Upj>ly. These connecting 
*pipes are sometimes called siphons, although they have 
nothing wliatever to do with the principle of a siphon, 
the water simply flowing into the pipe at out! tmd and out 
at the other under the influence of gravity, and the 
j)res8ure of the atmosphere being no element in the case. 
The pipes are almost always made of cast-iron, except in 
such cases as the lower part of some siphons, where thcj 
pressure is very great, or where they are for use abroad, 
when (‘onsiderations of weight are of importance, and when 
they are made of rolled steel with riveted or welded seams. 
It is frecjuently necessary to lay them in deep cuttings, in 
which case cast-iron is much better adapted for sustaining 
a heavy weight of earth than the thinner steel, though 
the latter is more adapted to resist internal pressure. Mr 
L). Clarke in the Tram, Am, Soc, C, E, vol. xxxviii. p. 
1)3, gives some particulars of a riveted steel pq>c 24 miles 
long, 33 to 42 inches’ diameter, varying in thickness from 
0*22 inch to 0*375 inch. After a length of 9 miles had 
been laiil, and the trench refilled, it was found tliat the 
crown of the pipe liad been flattened by an amount vary- 
ing from J inch to 4 inches. ISteel pipes suffer more 
from corrosion than those made of cast-iron, and as the 
metal attacked is much thinner the strength is more 
seriously reduced. These considerations have prevented 
any general cliange from cast-iron to steel. 

Ml Clemens Hcrschell has made some interesting remarks (7Vcr, 
Imi, (J. K, vol. cxv. p. 162) as to the cireiuiislaiiceb in whieh 
steel pipes have been louiid preferable to cast-irou. He says that 
it had been deiuoiistratod by practice that cast-iron cannot cumitcte 
with wrouglit-iron or steel pi |>08 m the States west of the Hocky 
M 01111 taiiiH, on the Pacific slo|)e. This is due to the absence of 
coal and iron ore in these States, and to the weight of the imported 
cast-iron pipes compared with steel pipes of equal capacity and 
strength. The works of the East Jersey Water Com puny for the 
supiily of Newark, N.J., iududo a riveted steel conduit 48 inches 
in cliaineter and 21 miles long. This conduit is designed to resist 
only the pressure due to the hydraulic gradient, in contradistinc- 
tion to that which would be due to the hydrostatic head, this 
arrangement saving 40 per cent, in the weight and cost of the 
jiipes. Foi the supply of Kochestor, N.Y., there is a riveted 
steel conduit 36 incues in diameter and 20 miles long ; and for 
Alleghany (*ity, Pennsylvania, there is a steel conduit Ti feet in 
iliainetei and nearly 10 miles long. The works for bringing the 
water from La Vigne and Vorneiiil to Pans, include a steel main 
5 feet in diameter between St Cloud and Paris. 

Cast-iron pipes rarely exceed 48 inclies in diameter, and even this 
diameter is only practicable whore the pressure of the water is 
low. In the Thirlinore a({ucduct the greatest pressure is nearly 
ISO !t) 011 the square iiicli, the pifiea where this occurs being 40 
inches in diameter and inches thick. These large pijies, which 
arc usually made in lengths of 12 feet, are generally cast with a 
socket at one end for receiving the spigot end of the next pipe, the 
annular space being run with lead, which is prevented from nowing 
into the interior of the pipe by a spring ring subbequcntly removed; 
the surface of the lead is then caulked all round the outsiile of the 
pipe. A wrought-iron ring is sometimes shrunk on the outer nm 
ot the socket, previously turned to receive it, in oiilor to strengthen 
it against the wedging action of the caulking tool. Sometimes 
the pipes ai’e cast as plain tubes and joined with double collars, 
whicli are run with lead as in the lust case. The reason for 
adopting the latter type is that the stresses set up in the thicker 
metal of the socket by unequal cooling are thereby avoided, a very 
usual place for piiies to crack under pressure being at the back of 
tlio socket. The method of turning and boring a portion, slightly 
tapered, of spigot and socket so as to ensure a watertight junction 
by close annular metal lie contact, is not suitable for large pipes, 
tliough very convenient for smaller diamoters in even ground. 
Spherical joints are sometimes used where a lino of main has to be 
laid Under a largo river or estuary, and where, therefore, the pipes 
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must be jointed before being loitered into the ])rcviously di edged 
trench. This was the case at the Willamette river, Portland, 
Oregon, whore a length of 2000 feet was required. The pipes are 
of cast iron 28 inches in diameter, inches thick, and 17 leJt long. 
The spigots were turned to a spherical surface ol 20 iiielies’ lailius 
outside, the inside of the sockets being of a radius ^ indt guaiei . 
After the iiisortion of the spigot into the socket, a nng, 3 inthcs 
deep, turned inside to correspond with the sockia, was bolt«d to 
the latter, the annular sjiace then being iiiii \iiLh lead. 'Iliose 
pipes were laid on an inclined ciadle, one end of whir]) rc.st(>d on 
the bod of the river and the other on a baige where tl»e jointing 
was done ; as the pipes woie jointed the baigo wa^* tjarefnlU 
advanced, thus tiailing the pipes into the trench (7 ’aois vl?//" 
$Soc, C, K, vol. xxxiii. p. 2.^*7). As may bo conjectured ironi the 
pressure which they have to stand, veiy great caie lias to be tiikeii 
in the maimlacture and handling oi cast -non )iipes of laige 
diameter, a care which must bo unfailing lioin the time of casting 
until they are jointed m their final jiosition in tlie grouiul. The^ 
arc cost vertically, socket dowiiwaids, so that the di'iisest metal 
may be at the weakest part, and it is advisable to allow' an extra 
bead of metal of about 12 inches, which is subRC(|Uont)y out off in 
a lathe. An inspector repraseiitiiig the pnrchasci watelies e\ory 
detail of the manufacture, and if, aftei being nica.suie(i in e\eiy 
jMirt and weighed, they are found satisfaetory they aic juovcd 
with internal fluid i>ro8sure, oil being jactcrablo to w'ater foi tins 
purpose. While under pleasure, they are rajipid from end 1o tiid 
with a hand hammer of about 5 n» in weight, in older to discover 
defects. The WTOught-iioii lings arc then, if lequiied, sliiiuik on 
to the sockets, ana the i»|xis, ultei being made liot in a sto\e, are 
dip])ed vertically in a compositiuu ol pitch and oil, in oidei to 
preserve them from corrosion. All these o(M>rationH aie ]ierrriiii)<Ml 
under cover. A record should he kcj>t of the history ol the j)M»e 
from the time it is cast to the time it is laid aiid jiunted m uie 
ground, giving the date, imml>ei, dianietci, leiigtli, ‘tliiekiiess, and 
proof pressure, with the name of the pipe-jointei wdiose woik 
closes the reed'd. Such a history sometimes enables the catiM 
(which is often very obscure) of a burst iii a ]>i))e to l>o aseertaifl^T * 
the )> 08 ition of every pipe being recorded J , ^ 

Cast-iron pipes, even when dipiied iu the composition ^ 

to, suiter considerably fiom corrosion caused b> the ^water^ 
especially soft water, flowing thioiigh tlieni. One piiie may be 
found in os good a condition as wlicii made, while the nevt may 
be covered with nodules of nist. The etleci of tlie iiist is ^Avotohl, 
it reduces the area of the pipe, and also, iu consequence ot the 
resistance offered by the rougn surface, retards the velocity of tlie 
water. These tw'o results, esiiecially tlio latter, may seriouslj 
diminish the capability of discliarge, and they should always iTe 
allowed for in deciding the diameter. Automatic serapeis me 
sometimes used with good results, but it is better to bo indepemlent 
of them as long as possible. In one case the disi barge of pqx's, 
40 inches in diametci, was found to diminish at tlm late of about 
1 ]»cr cent, ixir year ; in another ease, wheio the water was soft 
and w'hore the pi|>es wei’c 40 inches in dianietiT, the discliaigc was 
diminished by 7 jier cent, in ten years. An ac'eount of the state 
of tw'O cast-iron mams supplying ]io.stoii with water is given in the 
Tram, Am, Hoc, C. E, vol, xxxv. p. 241. These ]»ipes, which 
weie laid in 1877, art* 48 iiiehes in diameter and 1800 feet long. 
When they were examiiied in 1894*95, it wa.s estimated that the 
tubercles of rust covered nearly one-tliinl of the interior surfaces, 
the liottom of the pijie being moi-e iiicrusted than the sidi s and 
top. They had central ]H>i]itH of attachment to the iron, at which 
no doubt the coating was defective, and from them the tnheicles 
spread over the surface of the suriouiiding coating In tins case 
tliey were removed by hand, and the coating of the pipes was not 
injured in the process. Cast-iron jiipcs must not ho laid in contact 
with cinders from a blast turnace with w'hich roads are .sometiiiies 
made, because these corrode the metal. Mr Eusscll Aitken {l*roc. 
Jnst C. E, vol. cxv. i>. 93) louiid in India that cast-iron ])ipei» 
buried in the soil rapidh* corroded, owing to tlie presence of iiitiic 
a»jid .secreted by bacteiia which attacked the iron. The largo cost- 
iioii piix*a conveying the water fiom tlie Taiisa I’csonoii to Bombay 
are laict above tlio surlace of the ground. Cast-iioii pipes of these 
laigo diameters have not been in existence sufficiently long to 
enable their life to be ]*redicted. A main, 40 niches in diameter, 

1 onvoying soft w uter, has been in existence fifty yeais at Mancliestor, 
and is apparently a'^ good as ever. In 1867 Mr J. B. Francis 
found that no apiiaront deterioration had taken place in a cast-iron 
main, 8 inches’ diameter, which was laid in the year 1828, a)icriod 
of ihirty-iiine years {Tram, Am, Soc, C, E, vol. i ]>. 26). Tl»e«.r 
tw'o instances aio juohably not exceptional 

Pipes in England are usually laid with not lesh than 

2 feot G inches of cover, in order that the water may not 
be frozen in a severe winter. Where they are laid in 
deep cutting they should be jmrtly surrounded with con- 
crete, so that they may not be tractured by the weight of 



510 A Q U E 

earth above them. Anglcn arc turned by means of sixscial 
bend pipes, the curves being made of as large a radius 
as convenient. In the case of the Thirlmore 
^uoduct, douVile socketed castings about 12 
inches long (exclusive of the sockets) were 
used, the sockets being inclined to each other at the 
required angle. They were made to various angles, and 
for any {larticular curve 8t*veral would Vie used am- 
nected by straight pipes 3 feet long. As special cast- 
ings are nearly double the ])rice of the regular pijx^s, 
the cost was much diminished by making them as 
short as |iossi1)]e, while a curve, made up of the slight 
angles used, offered ])ractically no more imi)ediment to 
the flow of water in consequence of its ^jolygonal form, 
than would bo the case had H]>ecial bend pipes IxMjn iistsd. 
In all cases of curves on a line of pi^xis umler internal 
Huid )»reHsure, there exists a resultant force tending 
to displace the pipes. Wlien the curve is in a horizontal 
plane and the jn|)es ans buried in the ground, the side of 
the pipe trench offers sufficient resistanc'c to this force. 
Where, however, the pqies are alxive ground, or when the 
curve is in a vertical plane, it is necessary to anchor 
them in ])OHition. In the case of the Tansa aqueduct 
to lloml)ay, there is a curve of 500 feet radius near 
Ikissein Creek. At this point the hydrostatic head is 
about 250 feet, and the engincjcr, Mr C/lorke, mentions 
that a tendency to an outward movement of the line of 
]»i[>es was o]>.scrved. At the siphon under Kurla Creek 
tl§3 curves ou the approaches as originally laid down were 
the hydrostatic head ljc*ing there almut 210 feet; 

. liere Che outward movement was so marked that it was 
' 4)iliifi(ipred advisable U) rcoiUgn the apjiioaches with easier 
"tJti<veH {Prtjc. ImU C, E. vol. cxv. p. 34). In the case of 
Thirlmore aqueduct the greatest hydrostatic pnsasiirc, 
410 feet, occurs at the bridge i over the river Lune, where 
th(‘ iMpes are 40 inches in diameter, and in dt^scending from 
the bridge make I'e verso angles of 3U“. The displacing 
f(«*<‘e at each of these angles amounts to 54 tons, and as 
th(' design includes five lines of jupes, it is obvious that 
the anchoring arrangements must Ix) very efficient. The 
.steel Htrai>s usi»d for aiiclionng these and all other Ixjnds 
were eiirve<l to fit as <*los(*ly as jxissible the castings to be 
anchored. Naturally the metal was not in i»erfeet contact, 
but whtMi the i)i]HJs were charged the di.sapi>earaiice of all 
the slight inetpialities sliowed tliat the straps were ful- 
filling their iiiten<lod pur])ose. At every summit on a line 
of pqx's one or more valves must Ix) placed in order to 
allow the esea[)C of air, and tliey must also \ki provided on 
long hwel stretches, and at cliaiiges of gradient where the 
depth of the ])oint of change Ixslow the hydraulic gradient 
IS less than that at lx>th sides, causing what may called 
4i virtual summit. It is lietter to have too many than too 
ii*w, as accumulations of air may clause an enormous 
diinniution in the quantity of wati»r delivered. In all 
depressions discharge valves should be ]»laced for emjitying 
the pipes when desired, and for lotting oti* the sediment 
which accunudates at such jxiints. Automatic valves are 
frequently iilaeed at suitable distances for cutting off the 
supj»ly in t‘4ise of a burst. At the inlet mouth of tJio pijx) 
they may deiHunl for their action on the sudden lowering 
of the water (due to a burst in the pil»e) in the chamber 
from which they draw their 8Upj)ly, causing a float to sink 
and set the closing arrangement in motion. Those on the 
lino of main aitJ started by the inenmsed velocity in the 
water, caused by a burst on the pijie at a lower level. 
'Uhe water, when thus accelerated, is able to move a disc 
hung in the pijxi at the end of a lever and weighted so as 
to resist the normal velocity ; this lever releases a catch, 
and a door is then gradually revolved by weights until it 
entirely closes the pijie. Reflux valves on the ascending 
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leg of a siphon prevent water from flowing back in case 
of a burst below them ; they have doors hung on hinges, 
oi)ening only in the normal direction of flow. Due allow- 
ance must be made, in the amount of head allotted to 
a pijie, for any head which may be absorbed by such 
mecl^uical arrangements as those described where they 
offer opix)sition to the flow of the water. These large 
mains require most careful and gradual filling with water, 
and constant attention must be given to the air-valves to 
see that the gutta-percha balls do not wedge themselves in * 
the o^ienings. A large mass of water, having a consider- 
able velocity, may cause a great many bursts by water- 
ramming, due to the admission of the water at too great 
a speed. In places where iron is absent and timber 
plentiful, as in some 2 >arts of America, {lipee* even of large 
diameter and in the most inqjortant cases, are sometimes 
luodo of wooden staves liooi>^ with iron. A description 
of two of these will be found below. 

The Thirhmn Aqueduct^ to whiuh reference has been made 
alcove, is cajuiblo of conveying 50,000,000 gallons a day from 
Thirlmore, in the English lake ilistrict, to Manchester. rhMmmrm 
The total length of 96 miles is made up of 14 miles ' 
of tunnels, 37 miles of cut - and - cover, and 45 miles of cast- 
iron ])irK38, five rows of the latter being rei^uired. The tunnels 
where lined, and the cut - and - cover, ate lorined of concrete, 
and are 7 feet in height and width, the usual thiekuess of the 
concrete beiug 15 inches. The inclination is 20 inches {>er 
mile. The floor is Hat from side to side, and the side-walls 
are 5 feet high to the springing of the arch, winch has a rise 
of 2 loot. Tlie water irom the kke is received in a circular well 
65 feet deep and 40 feet in diameter, at the bottom of which there is 
a ring ot wire-gauze strainers Wherever the concieto aqueduct is 
intorsoctod by valleys, cast-iron pii>es are laid ; at present only 
one of the five rows 40 inches in diameter has been laia, as the city 
does not yet ro(|uirc its present supply to be augnionted by moie 
than 10,000,000 gallons a day. All the elaborate airangeineuts 
described above for stopping the water m case of a burst have been 
employed, and have ))ortcctTy fulHIlod their duties in the few cases 
m which they have been called into action. The water is received 
in a service reservoir at Prostwich, near Maiiehestcr, from which it 
iH supplied to the city. Tiio supply from this source was begun m 
1894. The total cost of the com[>lotc sclieme will not be lar short 
of £5,000,006, ul which rather under £3,000,000 had heeu s^ientup 
to the date ol the opening. 

The Aqitalact was sanctioned by parliament in 1880 for 

the supply of Liver})ool from North Wales, the quantity of w'ator 
obtainable being at least 40,000,000 gallons a day. 

A tower built in the artificial lake fiom which the ^ 
supply 18 derived, contains the inlet and urraiigcments for strain- 
ing the water. The aqueduct is 68 miles lu length, and lor nearly 
the whole distance will consist of three lines of cast-iron pi|)e8, 
one of which, varying in diameter from 42 inches to 39 inches, is 
now in use. As the total fall between Vyrnwy and the termina- 
tion at Prescot reservoirs is about 550 feet, arraiigeniouts had to 
he made to ensure that no part of the aqueduct be subjected to a 
l^reater pressure than is required for the actual discharge. Balanc- 
ing reservoirs have therclore been constructed at five points on 
the line, advantage being taken of high ground where available, 
so that the total pressure is broken up into sections. At one of 
these points, where the ground level is 110 feet below the hydraulic 
gradient, a circular tower is built, making a most imposing archi- 
tectural feature in the laiidscaiie. At the oiossing of the river 
Weaver, 100 foot wide and 15 feet deep, the throe ]a]K}s, here made 
of steel, wore connected together laterally, floated into ]K)8ition, 
and sunk into a dredgcMl trench prejwired to receiio them. Under 
the river Mersey the [upos are carried in a tunnel, from which, 
during construction, the w'ater was excluded by compressed air. 

Denver Aqueduct, — The now supply to Denver City, initiated by 
the Citizens Water Company in 1889, is derived from the Platte 
river, rising in the Kocky Mountains. The first aque- 
duct constructed is rather over 20 miles in length, of * 

which a length of ] 6} miles is made of wooden stave pipe, 30 inches 
in diameter. The maximum pressure is that due to 185 feet of 
water; the average cost of the wooden pii»e w'a8$1.36J |ier foot, 
and the capability of discharge 8,400,000 gallons a day. Within 
a year of the completion of the first conduit, it became evident that 
another of still greater caiiacity was requir^. This was completed 
in April 1893 ; it is 34 inches in diameter and will deliver 16,000,000 
gallons a day. By increasing the head upon the first pijM, the 
combined discharge is 80,000,000 gallons a day. An incident in 
obtaining a temporary supply, without waiting for the completion 
of the second pifM, was the construction of two wooden pipes, 18 
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inches in diameter, crossing aitream with a span of 104 feet, and 
having no support otlier than that derived from their arched form. 
One end of the arch is 24 J feet above the other end, and, when 
filled with water, the deflection with eight men on it was only 
J of an inch. A somewhat similar arch, 60 feet 8]>an, occurs 
on the 34-inch pipe where it crosses a canal. Mr Schuyler points 
out {Trans, Am, Soc, C, E, yol. xxxi. p. 148) that the fact that 
the entire water supply of a city of 150,000 inliabitants is conveyed 
ill wooden mains, is so radical a de 2 >arture from all itrocedenis, uiat 
it is deserving of more than a passing notice. Ho says that it is 
manifestly and unreservedly sucuessful, and has achieved an enor- 
* mous saving in cost. The sum saved by the use of wooden, in 

f reference to cast-iron pipes, is csti mated at |1, 100, 000 dollars, 
t is perhaps necessary to state that the pipe is buried in the 
ground in the same way as metal pipes. The edges of the staves 
are dressed to the radius with a minute tongue inch high on 
one edge of each stave, but with no corres|Kinding groove in the 
next stave ; its object is to ensure a close joint when the bands are 
tightened up. Leaks seldom or never occur along the longitudinal 
seams, but the end shrinkage caused troublesome joint leaks. 
The shrinkage in California I'edwood, which had seasoned 60 to 
90 days before milling, was frequently as much as 3 inches in the 
20 staves that formed the 34-inch pipe, and the spsoo so formed 
had to be filled by a special closing stave. Metallic tongues, j 
inch deep, are inserted at the ends of abutting staves, in a straight 
saw cut. The bands, which are of mild steel, have a head at one 
end and a nut and washer at the other ; the ends are brought 
together on a wrought-iron shoe, against wliioh the nut and washer 
set. The staves forming the lower half of the pi}^ are nlaced on 
an outside, and the top staves on an inside, mould. While the 
bands are being adjusted the pipe is rounded out to bring the 
staves out full, and the staves are carefully driven home on to the 
abutting staves. The spacing of the bands depends on citcum- 
stances, but is about 150 bands per 100 feet. With low heads 
the limit of spacing was fixed at 17 inches. The outer surface of 
the ]ii|)o, when charged, shows moisture oozing slightly over the 
entire surface. This condition Mr. Schuyler considers an ideal 
one for ])erfect preservation, and the staves were kept as thin os 
possible to ensure its occurrence. Sain[)les taken from pipes in 
use from three to nine yeai-s arc quite sound, and it is concluded 
that the wood will last as long as cast iron if the piiio is kept 
constantly char^^. The bands are the only pctishabfo portion, 
and their life is taken at from fifteen to twenty years. Other 
portions of the second conduit for a length of nearly 3 miles 
were formed of coiicroto piping, 38 inches’ diameter, formed on a 
mould in the trench, the thickness being 2^ to 8 inches. So 
successful an instance of the use of wooden piping on u large scale, 
IS sure to lead to a large development of tliis tyjie of aqu^uct in 
districts Mliere timber is jilentiful and iron absent. 

Pionur Aqiwlucty Utah, — The construction of the Pioneer Aque- 
duct, Utah, was begun in 1896 by the Pioneer Electric Power 
Pionser Company, near the city of Ogdon, 35 miles north of 
* Salt Lake City. The storage reservoir, from which it 
draws its water, will cover iiu area of 2000 acres, and 
contain about 15,000 million gallons of water. The aqueduct is a 
pipe 6 feet in diameter, and of a total length of 6 miles ; for a 
dislaiKO of rathei more than 5 miles it is formed of wooden staves, 
the remainder, where the head exceeds 117 feet, being of steel. It 
is laid in a trench and covered to a d^th of 3 feet. The greatest 
)ire.ssuro on the steel jiipc is 200 n> J>vr square inch, and tho 
thickness Agarics fiuin ^ to inch. The pipe was constructed 
according to the usual ])ractice of inaiino Doilor-w'ork for high 
])res8urcs, and encli section, about 9 feet long, was dipped in 
asphalt for an hour. These sections wore supjiortod on timber 
blocking, placed from 5 to 9 feet apart, and consisting of three to 
six pieces of 6 x 6 inch timbers laiil one on the toj» of the other ; 
they were then riveted together in the oi dinary way. The 
wooden 8tave-])ipo is of the tyiio successfully used in the Western 
States for many years, but its (liamotcr is believed to bo unequalled 
for any but short lengths. There were thirty-two staves in the 
circle, 2 inches in thickness, and about 20 feet long, hooiiod with 
round steel rods g inch in diameter, each hoop being in two pieces. 
The pi 1)0 is supixirted at intervals of 8 feet hy sills 6x8 inches and 
3 feet Jong. The flow through it is 250 cubic feet per second. 

Tho Hanln Ana Canal w'as constructed for irrigation purjioses in 
California, and is designed to carry 240 cubic feet or water jjer 
SmaiMAam (Trans. Am. Stn:. C. S. vol. xxxiii. p. 99). The 

aaa mam, section of tho fiumes shows an ollijitical bottom 
and straight sides coihsistiiig of Avooden staves hela together by 
iron and steel ribs. The width and depth are each 5 feet 6 inches, 
tho intended depth of water being 5 feet. The staves are held hy 
T-iron supports resting on wooden sills spaced 8 feet apart, and 
are compressed together by a framework. They wore caulked with 
oakum, on the top of which, to a third of the total depth, hot 
asphalt was run. Tho use of nails was altogether avoidecl except 
in parts of the framework, it being noticed that decay usually 
starts at nail holes. It was found possible to make the Hume 


absolutely watertight, and in case of repair being necessary at any 
tiart the framework is easily taken to pieces so that new staves can 
be inserted. The water in the flume has a velocity of 9*6 feet jier 
second. The Warm Snriugs, Deep, ami Morton, canons on tlie 
line are crossed by wooden stave pii)e8 62 inches in diameter, 1k»uiuI 
with round steel rods, and laid above the siiifacc of the ground. 
The work is planned for two lows of ])ipe8, each cajtablc of canying 
123 cubic feet per second ; of these one so far has been laid. '1 ht' 
lengths of tho pipes at each of the tlireo cafions urc .551, 964, and 
756 feet respectively, and the maximum head at any place is 160 
feet. Tlio pi|>e8 are not painted, and it has been suggested that 
they would suiTer in their exjioscd position in case oi a bush fire, 
a oontin^ney to which, of course, flumes aro also liable. 

Aqueducts qf Ke^u York . — There are three aqueducts in New 
York — the Old Croton Aqueduct (1837-43), tho Bronx Kiver Con- 
duit (1880-85), and the New Croton Aqueduct (1884-93), discharg- 
ing respectively 95, 28, and 302 million U.S. gallons a y . 
day ; their combined delivery is therefore 425 million 
gallons a day. The Old Croton Aqueduct is about 41 miles in length , 
and was constructed as a masonry conduit, cxceiit at tho Harlem 
and Manhattan valleys, whore two lines of 36-inch piiie were used. 
The inclination of the former is at the rate of about 13 inches per 
mile, Tho area of the cross-section is 53 *34 square feef, tlie height 
is 8^ feet, and the gieatcst width 7 feet 5 inches ; the roof is semi* 
circular, the floor seguiental, and the sides have a batter on the 
face of i inch })er foot. Tho sides and invert are of concrete, faectl 
with 4 inches of brickwoik, the roof being entirely of brickw^ork. 
There is a bridge over the Harlem river 1450 feet in length, con- 
sisting of fifteen semicircular arehes ; its soflit is 100 Icet above 
high water, and its cost was $963,427. The construetum of the 
New Croton Aqueduct was begun in 1885, and the woiks weie 
sufficiently advanced by 15th July 1890 to allow the suiqily to be 
begun. The lengths of the various parts of the aqueduct are as 
followB : — 


Miles 

Tunnel .... 29*75 

Cui-and -cover . . . . 1 *12 

Cast-iron pi])es, 48 inches diameter, 8 roivs . 2*38>^ 


Croton Inlet to Central Paik . . 33 26* ^ " 

The length of tunnel under presnure (ciivular form) is 7*17 milesr 
and that not under pressure (horso-shoo foim) 23*70 miles. The 
maximum pressure m the foimev is .55 lb ])er s(|uure inch. Tho 
width and height of the horse-slioe iorm are each 13 ieot 7 inches, 
and the diameter of tho ciirular iorm (vith tho exception of tun 
short lengths) is 12 feet 3 inches, 'riie leasoii for constructing the 
aqueduct in tunnel for so long a distance was tho enhanced value 
of the low-lying giouiid near tho old aipieduct. Iho tunnel 
deviates from a straight line only for tho purpose of intersecting a 
few transverse valleys at which it could bo einjitied. For 25 iinles 
tho gradient is 0*7 foot per mile ; the tunnel is tlien depiessed 
below the hydraulic gradient, the maxim um depth being at tho 
Harlem river, where it is 300 feet below high water. The depth 
of the tunnel varies from 50 to 500 Icet fiom the surface of the 
ground. Forty-tw’o shafts were sunk to facilitate driving, and in 
four casea where the surface of the ground is below the hydraulic 
gradient those are olosed by watertight covers. The aaIioIc of the 
tunnel is lined with brickwoik from 1 to 2 feet in thukness, 
the voids behind the lining being filled with rubblc-in-moTtar. 

The entry to the old and new aqueducts is controlled by a gate- 
house of olal)orate and massive design, and tho ]iipes Axbicli take 
up the siipjily at tho end of tho tunnel aie also commanded hy a 
gate-house. The aqueduct, where it pa.saes under the Harlimi 
river, is worthy of snecial notice. As it a])])roachcs tho river it 
has a considerable fall, and eventually ends in a vertical shaft 12 
feet 3 inches in diameter (where the Avater has a fall of 174 feet), 
from the bottom of wbieh, at a dejith of 300 feet bidow high-water 
level, the tunnel under the river starts. The latter is circular in 
fonn, the diameter l)oing 10 feet 0 inches, and tho length is 1300 
feet ; it terminates at the bottom of another veitical sliaft also 12 
feet 3 inches in diameter. Tlie dejith of this shaft, incaf-uied Irom 
the floor of the lower tiiiiiiel to that of the upper tunnel leading 
away from it, is 321 fo#'t ; it is continued up to the surface of the 
ground, though closed by double watertight covers a little above 
the level of the upiier tunne]. Adjoining this shaft is another 
sliaft of equal diameter, by nieaus of winch the A\ater can Ixi 
puiii|>ed out, and there is also a communication with the river 
abov- high-water level, so that the higher parts can be emptied 
by gravitation. Tlie coat of the Old Cioton Aipieduct was 
$11,500,000; that of tho new a()Ueduct is not far short of 
$ 20 , 000 , 000 . 

The Kadrai Aqueduct Bridge^ o))encd at the end of 1889, is tlie 
largest structure of its kind in existence. It was built to carry 
the water of the Lower Ganges canal over tlie Kali jq^arai 
Naddi, in connexion with the irrigation canals of tho 
north-west ]>rovinces of India. In the year 1888-89 this canal 

* 



512 A R A 

had ()<{4 miles of main lino, with 2050 miles of minor distributaries, 
and irrigated 519,022 acres of crops. Tlie new bridge replaces one 
of much smaller size (live H|»aii8 of 85 feet), which was completely 
destroyed W a high Hood m July 1885. It gives the river a 
waterway of 21,000 square feet, and the canal a waterway of 1040 
scjuaro ieet, the latter rojircsentiug a discliarge of 4100 cubic feet 
])or second. Its length is 1310 loet, ami it is carried on fifteen 
arches having a 8i>an of 60 feet. The width between the faces of 
the arches is 1 40 feet. The foundations below the river-bed have 
a depth of 52 foot, and the total height of the stnieture is 88 feet. 

It cost 44A lakhs of rupees, and occupied four years in building. 
The foundations consist of 268 circular brick cylinders, and the 
fifteen spans are arranged in three grou|)S, dividend by abutment 
piers ; the latter are founded on a double row of 12-foct cylinders, 
ami tiio uitcniiediate piers on a single row of 20-foet cylinders, all 
the cylinders being liuarted with hydraulic lime concrete filled in 
with skifiM. This aqueduct-bridge has a very fine apjiearance, 
owing to its masHive pro[)ortions and design. 

Kor an account of the New York aqueducts see the Report of ilui 
AqiU'Aiirt CnmmisvioivrrHf 1887-05, and The Water Supply of the 
OUif of New York, 1890, by Wkomann. For accounts of other 
a(|uediiot8, see the Transactions of the Societies of Knginoers in the 
dilferiMit countries, and the Engineering Journals, (k. p. n.*) 

AQUilOf A town and bishoj/s see of Italy (Abruzzi 
and Molise), capital of the province of Aijuila, situated 
in the Central Apennines, at the H.W. foot of the knot j 
of Gran Sasso d’ltalia, 145 miles N.K. from Jiome by : 
rail. There are two picture galleries, one in the town 
hall, the other in the Dragonetti (formerly JJe Torres) 
Palace, and an industrial arts and sciences school. 
ITiiiversity classes are held heri‘. Owing to its altitude 
ft.), it is a favourite summer resort of the Italians, 
f^opulation of commune (1881 ), 18,42G ; (1901), 21,215; 

of province (1881), 353,027 ; (1901), 397,645. 

> 

ArAbi PashA (more correctly Ahmad ‘Arab!, to 
which in later years he added the epithet “the 

Egyptian”), Egyptian soldier and revolutionary leader, 
was Ixirn in Lower Egypt in 1839, of a fellah family. 
Having entered the army as a conscrijit he was made an 
officer by Said Pasha in 1862, and was employed in the 
transjiort dejiartmeiit in the Abyssinian caiiqmign under 
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Ismail Pasha. A charge of peculation was made against 
him in connexion with this expedition and he was placed 
on halfqmy. During this time he joined a secret society 
formed by Ali Boubi with the object of getting rid of 
Turkish officers from the Eg 3 n[)tian army. In 1878 he 
was employed by Ismail in fomenting a disturbance against 
the ministry of Nubar, Wilson, and De Bligniferes, and 
received in payment a wife from IsraaiPs harem and the 
command of a regiment. This increased his influence with 
the secret society, which, under the feeble government of * 
Tewfik Pasha and the Dual Control, began to agitate 
against Europeans. A military demonstration on 8th 
iSoptember 1881, led by Arabi, forced the Khedive to 
increase the numbers and pay of the army, to substitute 
Cherif Paslia for Biaz Pasha as prime minister, and to 
convene an assc^mbly of notables. Arab! became under- 
secretary for war at the beginning of 1882, but continued 
his intrigues. The Assembly of Notables claimed the 
right of voting the budget, and thus came into conflict 
with the foreign controllers who had been appointed to 
guard the interests of the bondholders in the management 
of the Egyptian finances. Cherif fell in February, and 
Arabi (created a pasha) l)ecame minister of war. Fortified 
by the honours bestowed on him by the sultan, Afabi, 
after a brief fall from office, acquired a dictatorial power 
that alarmed the British Government. His arming of tlie 
forts at Alexandria was held to constitute a menace to the 
fleet. On the refusal of France to co-operate, the British 
fleet bombarded the forts (11th July), and a British force, 
under Sir Garnet Wolseley, defeated Arabi on 13tli 
September at Tel-el-Kebir. Arabi suiTendered, and was 
tried (3rd December) for the crime of rebellion. In 
accordance with an understanding made with the British 
representative. Lord Duiferin, Arabi pleaded guilty, and 
the formal sentence of death was immediately commuted 
to one of banishment for life to Ceylon. After his exile 
had lasted for nearly twenty years, however, the Khedive, 
Abbas II., exercised his prerogative of mercy, and in May 
1901 Arabi was iierniittcd to return to Egyjit. 
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D UUING the last quarter of the 19tli century sevemi 
notable journeys were made through Northern, 
Central, and Southern Arabia which, although they have 
led to no essential modification of jirevious views regarding 
the general physiograjdiy of that country, have added 
considonibly to our knowledge of its topograiihical detail. 
Very little systematic survey lias been possible in a country 
so remote from the centres of scientific movement, and so 
hostile to foreign interference. The eastern coast lias been 
connected with the Indian system of triangulation across 
the Strait of Hormuz ; and from Aden a local toim- 
graphical survey has lioeii carried into the southern ofi- 
slioots of the Yemen Mountains by officers of the Indian 
Survey, based on a triangulation which is independent of 
India. Amongst recent investigations the researches of 
Dr Walker m the Sinai Peninsula have thrown new light 
on the coral formations of the western coast, and have 
elucidated some interesting problems in connexion with 
Arabian desert formations. According to this authority, 
the change in surface configuration of the desert sands of 
Northern Arabia is due to no cliange in climatic factors. 
It is governed by the same laws to-day as it was thousands 
of years ago. i^nd formations are pmducod by the differ- 
ences of temperature (50“ to 80“ F.), to which the surface 
rock is daily exposed. The rock is first broken up by 
these differences into small fragments, which are iiolished 
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and rounded by the action of wind-blown sand. Granite, 
esjiecially, disintegrates rapidly on account of the differ- 
ence in the specific heat of its constituent parts. Then the 
wind action again separates the comi>ouent 2 >&rts and 
forms broad solaces in the desert, of which the sand par- 
ticles may consist uniformly either of mica or of quartz. 
But as regards recent illustration of the conformation and 
geology of the Arabian continent generally, it is to the 
researches of Doughty and Blunt, between the years 1876 
and 1878, and to tliose of Theodore Bent subsequently, 
that we are most indebted for fresh material from English 
soui'ces. 

Doughty accompanied the annual pilgrimage, or “ haj,” 
from Damascus to Mecca, stopping at Medyin &lih (some 
150 miles north-west of Medina) to copy Nabathasan in- 
scriptions and explore the monuments of El Hajr. During 
the spring of 1877 he visited Nejd, returning again to El 
Hajr and exploring the cool and lofty Harrat during the 
summer. He afterwards journeyed northwards to Teyma, 
in the Nefud, and eastwards to Hail, the residence and 
capital of the Emir Ibn Hashid. From Hail he returned 
south-west to Khaybar, crossing an upland region of lava- 
fields and extinct volcanoc»s, which he believes to be the true 
water-i)arting between east and west in Northern Arabia. 
Ill the spring of 1878 he again returned to Nejd, visiting 
Aneyza and Boreyda, which ho describes as its two most 
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important towuB. Then recrossiug the continent and 
traversing the elevated steppe which is the wandering 
ground of the great Beduin tribe, Ateyba, ho finally 
reached Jidda, exhausted by the hardships and vicissitudes 
of his journey. It is worthy of note that he travelled 
openly as a Christian and an Englishman, and that he 
survived to write a standard work on Ajubia ; whilst 
Huber, who traversed much the same country in 1883- 
84, i>aid the ixsnalty of the venture with his life. 

In 1878-79 Mr Wilfrid Blunt, accomimnied by hia in- 
trepid wife, Lady Anno Blunt, travelled from Syria 
south-east to Jebel Sliammar, skirting the great Wadi 
Sirhan depression to .lof, and thence crossing the Nefud. 
He thus followed a route approximately parallel to 

that of Doughty, at a distance of about 80 miles from 

it. On bis return journey from Nejd lu* joined the 

Inmds of Persian pilgrims returning froiii 
Mecca, travelling nearly due north to Ker- 
bela and Baghdad, passing through the 
country of the Dafiir Beduins, so that 
lietween these two travellers we liave a 
fairly (‘onnected account of the jjhy.sio- 
gra]»hy of all Northern Arabia, differing 
in some important details from the earliei 
d(}Scriptions of J^algrave (Arabia, En <' y . 

Brit. ii. 1235-205). Mr Bent, who wa^ 
also accompanied by his wife, visited tlu* 

Bahrein i^aiids, on tlie east coast oi 
Arabia, in 1888, and added much to our 
knowledge of this cradle of the Phamiciaii 
race. Ju 1893-94 he made an adventur 
ous journey into the mam valley of Had- 
raniut, and later again visited the Southern 
Arabian coast, starting from Muskat, but 
was not successtul in iKiiietrating into tlu* 
interior of the eontiiiont. Colonel S. 11. 

Miles ex])lored Oman and visited Dhofar, 
oil the southern c( Mists of Arabia, in 1881. 

Veiuen was traversed as late as 1892 by 
W. B. Harris, who travelled in disguise 
from Aden to Sanaa, the capital, where he 
was nii]>risoned by the Turkish authorities, 
and whence he was de^Kirted under an 
t'Hcort to Hodeidn. In such circuiJi.stancc.s 
he was not able to a<ld much to the 
scientific information gained by previous 
travellers ; but he gave au excellent de- 
scriptive account of tlie wonderful fertility 
and lx?auty of Arabia Felix. »Stiniii1ated 
by a journey of the French botanist 
Defiers in 1888, Dr Schw’einfurth made 
a botanical exploration of Yemen in the 
winter of 1888-89, and Herr Eduard 
(Baser, about the same time, visited Maiob, the capital of 
the old Sal wean empire, and brought home with him 
numerous nianuscri})ts. To the researches of these travellers 
in Northern, Central, Southern, and Western Arabia, wc 
may add such matters of historical interest affecting 
Arabia as have been brought to light by the labours of 
the officers of the Indian Survey working in Ihiluchistaii 
and Maknin. They undoubtedly oiJcii up a new chapter 
ill Arabian commercial (if not military) history. 

Fiom Doughty >\e learn that tlio geology of Arabia is of truly 
Arabian simplicity. A central core of Plutonic rocks is overlaid 
PArslo- sandstones, and tlieso again by limestones, some- 
grmphy. ^^mos acoom{ianied with flints. This is a similar forma- 
tion to that which ap[)ears again between the Dead 
8ea and Jerusalem, and j)robably underlies all Palestine. The 
** uefuds,'* or deep sandy deserts, are composed of material derived 
from the sandstones. The occurrenoo of volcanic rocks upon 
plateaux throughout Central Arabia was previously unrecorded, 


but there appears to be a doubt whether the volcanic cones on the 
surface of the lava-flows of the ^Miarrats" can geologically be con- 
nected with these flows. In the north-west the platform of sand- 
stone which flanks the pilgrim route to Mecca from Damascus for 
about 150 miles, with its western edge approximately parallel to 
the Red Sea coast at a distance of about 100 miles, and which 
terminates southwards near El lligr, is not the true watereheil 
between the sand-plains of Toyma and tlio sea ; for the drainage 
strikes across it from eastwards, and is possibly antecedent to the 
formation of the plateau. The surface of this great *'harrat," or 
upland, which cfruwns the mountainous highlands of the coast, 
and is flanked on the east by a long extended depression, has been 
embedded by stream after stream of basaltic lava, and is studded 
with numerous extinct volcanoes. The highest of these volcanoes 
is estimated to be as much as 1000 feet above the plateau level. 
Between Shammar and Khaybar, striking south-west acroiw the 
continent, the central districts consist of an upland space of lava- 
fields and extinct volcanoes (called * * hilli-hil lian ” hy the Arabs) 
rising to about 6000 feet above sea-level, forming another **harrat’' 
known as the Harrat Khaybar. This was ascertained to be the 
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true water-parting of tliis part of the country ; the uaters flowing 
eastwards to the Wadi e’ Kumma (which would bo an affluent of 
the Euphrates if it were a perennial stream instead of a dry trough 
flushed once in a geiioratiuu) and westwards to the Wadi el 
Hnmth (previously unknown; which has its mouth on the Red 
Sea coast. 

Blunt describes the harrats or upland plains, closely adjoining the 
frontiers of Syria and Arabia to the south of Damascus, as a vast 
expanse of boulder-strewn desert, **a bleak and gloomy region 
across which it is difficult to travel with camels on account of the 
narrowness and intricacy of the paths which wind in and out 
amongst the boulders." From this region of black stones, exteiid- 
iog south-eastwards for upwards of 300 miles to Jof, is the ^icat 
depr.}88ion of the Wadi Sirhan (probably an ancient arm of the 
sea) which is estimated to bo less than ‘2000 feet above 8ea-lev«*l, 
and is flanked to the eastward bv the vast giavelly plain of Kl 
Hamad on a higher level of 600 feet. Jof is a walled town of 
about 600 houses, which stands on the northern^ edge of the 
Nefud or red sand-plain of the interior. This plain extends for 
200 miles to the foot of the Jebel Shammar, beneath which lies 
Hail, which Blunt places at the foot of the northern slopes to the 
* S. L — 65 
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«aiit of Jebel Aja, and Doughty Bhows to the south of that range. 
The rooky hills of the Kefud, like those of Jof, are of sandstone, 
Tarying & colour from yellow to red and purple, but weathered 
black on the i4)per surface. Jebel Shanimar itself is composed of 
red granite. The general characteristics of these mountains and 
of their vegetation seem to bo similar to those of Mount Sinai. 
The plain level at Hail is estimated by Blunt to be 4000 feet above 
seadevel, and the summits of the Shammer Mountains to be 2000 
feet higher. The character of the Nefud plains apparently diifers 
essentially from that described by Palgrave. The Kefud is now 
said to consist of a wide spread of coarse red sand, well clothed 
with shrubs, and after a rainy winter covered with grass and 
flowers. A few irregular low ridges exist in the Nefud, but they 
are not a prominent feature. On the other hand, the whole plain 
is pitted with deep hollows, shaped like a horse>shoe, with their 
points all set with groat regularity towards the same point of the 
cumpasB. Those depressions are called by the Arabs ** fulj/* and 
vary in depth from 20 to 200 feet, and projiortionatGly in width ; 
the w'idest being about a quarter of a mile across. Another 
natural phenomenon which was previously described in consider- 
able detail, but which Blunt found to be unsuppoited by local 
evidence, is the occurrence of the simoom, or poisonous wiud, in 
these plains. Sandstorms are of frequent occurrence ; but they 
arc not poisonous. The deadly poison blast, which not merely 
sulfocates by mechanical moans, but which absoliitcdy disseminates 
a poisonous varxnir or gas, must be dissociated from the plains of 
the Nefud. lue expression '*nojd" is ascertained to ha purely 
geographical, and in no sense political, lii Arabia it is applied to 
all the high-level districts lying within the Nefuds. It includes 
the three prorinces of Jebel Bhainmar, Kasim, and Aared. As 
employed by the Turks, the name is a])plie(l to their latest 
conquests on the seaboard of El Hasa, and so has led to a misappre- 
hension as to the extent of Turkish sovereignty in Arabia. The 
plain of the Hamad, which Blunt crossed from Jebel Shammar to 
the borders of Arabia at Nojef, south of Babylon, has a uniform 
upward grade from the Sea of Nejof to Shammar. This slope is 
estimated to bo about 10 feet per mile, aiirl is not unbroken. It 
is due to a series of shelves terminating in abrupt edges one 
above the other, the edges facing the line of descent.'* The Nefud 
of Eastern Arabia, as OMcribod by Sir Lewis I'olly, diOers from 
the Nefud north of Shammar in some essential particulars. It 
consists of a series of huge sand ranges trending curvilmearly in 
a north-west and south-east diroetion, stretching roughly parallel 
to the Arab littoral of the I'orsian Oulf southwards from Jebel 
Shammar. Between the ridges are wide spaces of hard level plain, 
as much as from 7 to 8 miles in width. The central plateau com- 
mences to rise into Nejd proper from the district of Sedair. The 
route from the Persian Gulf westward, crossing this eastern Nefud, 
terminates at Riad (the Wahabi capital), 250 miles to the south- 
east of Hail. 

Bent's expeditions to the south coast of Arabia and Hadramut 
geographically pia(;o these rogiuiis in an entirely new light. 
HMdrmmui is no longer to be regarded simply as a 

amanmuE (iistrict of Arabia iiiterveiiiug between the 

central desert, but as a broad central 
Armbim. running for a hundred miles or more parallel to 

the coast, through which the valleys of the high 
Arabian plateau discharge their scanty supplies of water to the sea 
near Saihut, towards which point tno whole system gradually 
slopes. Into this hotbed of fanaticism but one Euro])ean (Herr 
Loo Hirsch) had sucooeded in penetrating betoro Bent, and ho 
travelled in disguise. Theodore Bout an<l his wife travelled 
Without disguise, and with a considerable train of followers. It 
seems to bo clearly proved by the Himyaritic inscriptions found 
in the valley, that for five centuries ii.c. the term Hadramut 
applied to this valley only, the meaning of it being the “ Valley 
of Death." Hero from time immemorial existed the historic trade 
ill frankincense and myrrh, which centred in Shibam (a place of 
some importance even now), from whone^e the produce of the valley 
was conveyed westwards by the great frankincense road across 
Arabia of which an accouut is given to us by Claudius I'tolomoiuB. 

The narrow coastdiuo of this part of Arabia is termed SSahil, 
and between Mnkalla and Saihut it is doscribeil as a ** roost 
uncom promisingly arid country." Hot springs exist at intervals, 
pointing to the volcanic origin of the region, and where they 
are found they are utilized for the purposes of cultivation ; but 
their ocourronco is rare, and the coast generally is marked by 
an extended waste of barren sterility. Mokafla, Sbehr, and 
Kosair are the chief coast towns. They carry on an active trade 
by means of their dhows and buggalows with Aden, Muskat. 
Bombay, and the Somali coast. A curious geological feature of 
the ooast are the basalt fields near Kosair, which spread across 
the flat country in a stratum of black rook -like lava. Tlie 
Arabs attribute this basaltic effusion to the destruction of pagan 
cities. Probablv it is the source from whence Egypt and Assyria 
derived material for statuary art The highlanas beyond the 
strip of low coast are called Akaha. Tlie approaches to them 
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are formed by a aeries of short water-course valleys, which cos- 
tain the first stages of the caravan routes into the interior. The 
Akaba oonsists of a wide expanse of flat, featureless plateau, 
without a habitation or even sign of life — waterless and waste 
— but broken by occasional masses of flat tableland formation, 
which lie superincumbent on the lower plain about 80 feet high. 
On the top level of tlie Akaba (a little over 4000 foot above 
sea), is a wide scattering of small black basaltic stones, which 
rest on the sandstones and limestones of which the range is 
formed. In the gullies cut out of these tableland formations 
(which are the higher level or upper flats of the Akaba), as also 
in the valleys approaching the plateau, the myrrh and frankin- ^ 
cense trees, with various forms of mimosa, are to be found. It ‘ 
is curious that the Beduins, who own the plateau, do not them- 
selves gather the produce of the trees, but let districts out to 
the Somalis, who come in due season to collect the frankincense. 
The air of the plateau is fresh, keen, and invigorating. The 
similarity of its conformation to some parts of Abyssinia is striking; 
and it appears that many points of similarity are also to bo noM 
between the coasts of Southern Arabia and those of Southern 
Baluchistan. From the Akaha many vallovs dip with rapid and 
sudden descent, flanked by steep red sandstone cliifs, into the 
main central depression of Hadramut. So steep, and so different 
from valleys whose formation is due to erosion, are these gates of 
Hadramut, that it seems possible that they are but brauches of a 
fiord, or arm of the sea, which once filled in the whole Hadramut 
depression. The tipper valley of the Hadramut, round about its 
capital of Shibam and the courtly residence of its chief at Al 
Katan, is a land of cultivation and prosperity, of palm groves and 
towns and palacos, flourishing chiefly on the basis of wealth 
acquired in India, The sultan, who is the head of the Al Eaiti 
family of the Tafi tribe, is jemadar or general of the Arab 
regiments in the service of the Nawab of Haidarabad. This con- 
nexion with India is the secret of the wealth of the Al Kaiti 
family. The dwellers in the towns, and the cultivators of 
Hadramut belong to races of Arabs who are of later importation 
into the country than the Rediiin. The chief tribes are the 
Ketiri, Minhali, Amri, and Tamini, who are constantly at war 
with the Beduin. The Bodiiin, who arc scattered in wild tribes 
all over the country, are the caravan leaders and the carriers, 
raring thoir own camels, and owning large territories in the 
highlands. They are numerous and powerful, never living in 
tents like the northern Beduin, The richer amon^t them occupy 
houses, and the poorer, eaves. The Shari fs ami Saiods are an 
important hierarchy, tracing their descent from the prophet, and 
exacting the homage of all who are under their widespread 
influence. They boast a pedigree purer than that of any other 
Saiad family in Arabia. They arc dwellers in towns and cities. 
The half-bred and imported African slaves form the fourth class of 
this mixed community. They arc all of them Mahoramedana, many 
of thorn wealthy, and some superior in education to their mastcra 
The tillers of the soil, personal servants, and soldiers of the chiefs 
mostly belong to this class. 

Tlio name Ad is given in the Koran to the Sabinan 
inhabitants of Southern Arabia, and is still recognized by 
the modern inhabitants. Within the limits of 
the coast district there is no evidence of Addite 
ruins, a circumstance which confirms the opinion 
tliat the ancient trade in frankincense was carried on 
chiefly by the caravan road passing eastwards from Aden 
to Hadramut and Oman, very little use being made of 
the harbours and ports of the sterile coast. The movable, 
wind-blown sand which collects in masses in the centre 
of the valleys, has probably long ago buried such 
ancient Trains as date from Himyaritic times, and all 
that is now observable is to be found on more elevated 
sites above the plain. A distinct coimexion is to be 
traced between some of the rude stone relics of the jiost 
on which inscriptions exist, and those evidences of sun- 
worslup which were found by Bent at Zimbabwe in 
Mashonaland, where the arrangement of rocks and stones 
possesses a similar system of orientation. Of the inti- 
mate connexion, if not actual relationship, which existed 
many centuries before our era between the Sabseans of 
Southern Arabia and those Arab people who worked the 
gold-mines of Masliona, and built forts to protect them, 
there can. bo little doubt. In the Wadi Sher, which leads 
northwards from the head of the Hadramut into the 
central districts, there exist the remains of at least one 
great Himyaritic town, with traces of megalithic buildings 
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and a rook exhibiting Himyaritic inacriptiona This 
appears to have been an important position on the great 
oaravan route between east and west. Large unhewn 
stones of the dolmen type, decorated on tho inside with 
^metric patterns similar to those found in Mashonaland, 
toget]^ with buildings of extreme antiquity far anterior 
to those of other Himyaritic remains around them, also 
«zist in tho Wadi Sher. The general result of these 
discoveries is greatly to enlarge our views of tho extent 
of ancient Sal^n colonization in the Eastern world, a 
result which is still further supported by the remarkable 
similarity which exists between the great irrigation works 
to be found in Yemen and those which yet require further 
investigation in Southern Baluchistan. 

The remarkable connexion between the fauna and the 
flora of Arabia and those of the Somali country and 
Abyssinia, no less than the curious analogies between 
geological and topographical construction in tho physio- 
logy of the two countries, points to a prehistoric land 
connexion between them on the south, as well as the 
north, of tho Bed Sea, which may possibly have been 
•coeval with the land connexion between India and Southern 
Africa. The link forged in geologic ages never seems to 
have been entirely broken, and nothing has served to 
give emphasis to previous evidence on this subject more 
than the Zimbabwe discoveries of Theodore Bent. It is 
•certain that the ruins and the relics in thorn (amongst 
which were found fragments of Persian and Celadon china, 
such as may still be found in quantities on the coast of 
MakrAn and of the Persian Gulf) are not in any way 
•connected with any African race. We also know that for 
many centuries l^fore our era the lied Sea was alive 
with tho ships and commerce of Arabia. Arab ships 
brought spices from India and the ^‘Cania’’ tree from 
China ; and “ Arabian ” gold is celebrated in the writings 
of the very earliest historians. Very little gold ever 
came from Arabia, but in Africa it was produced in 
large quantities (both from alluvial and quartz sources) 
from the earliest ages. Tliere can he little doubt 
that the buildexs of Zimbabwe came from the Arabian 
Peninsula. 

Although no recent travels or explorations in Yemen 
have added greatly to the mass of scientitic information 
Vemeii coW®cted by Glaser, Schwoinfurth, and Playfair, 
we have acquired a better knowledge of the 
chief geographical features of that country from the 
adventurous journey of W. B. Harris in 1892, supple- 
mented by the researches of the Indian surveyors in the 
Aden district about the same iKsnod, and the earlier 
travels of General F. T. Haig in J 887, than we formerly 
possessed. 

The country is split up into the two great natural divisions of 
tho interior highlands or Jebel, and low dying sandy deserts and 
plains of tho seaboard. The latter are from SO to 100 miles iii 
oreadth, skirting the highlands on the west and south, and are 
only broken where a spur from the mountains approaches the 
southern outlet of the Bed Sea, forming tho headlaud of Sidi 
Sheikh, exactly opposite to the island of Perim. There are many 
indications that this seaboard strip of desert was, until a geologi- 
cally recent period, below sea-level. These plains of Yemen are 
called Tehdma They are subject to drought, tho rainfall being 
extremely small, but there are, nevertheless, scattered about them, 
oases where cereals can bo reared with success, and water may 
be obtained in the nullah beds by sinking wells sufficient to 
supply the flocks and herds of the Beduin. It is in these arid 
plmns that some of the best of Arabian camels are bred. The 
chief towns of the Tehdma are Hodcida and Mokha on the western 
'Coast, and Aden ( 9 '.v.)on the south. Ilodeidaiiw on the north-east 
■side of a large l»y, sheltered by a promontory to the north-west. 
It is a large and flourishing town containing about 30,000 in- 
habiUnts, with a Turkish nnison. It possesses a climate which 
is inimical to £uro{)ean exutenoe. At certain seasons of the year 
it is subject to frightflil epidemics of fever. Mokka has lost its 
importance as a trade port since Aden has been occupied by the 


B I A 515 

British. It owes its existence to the trade in coflee. Early in the 
17th century English and Dutch established factories at Mokha, 
and a ceutuiy later the French followed their example, so that for 
some two contunes Mokha became renowned for its wraith. On 
the British occupation of Aden in 1839 trade left Mokha, and 
since then tho town has fallen into decay. 

From Aden, northwards, a stretch of some 30 miles of deseit 
separates the volcanic rocks and ridges of tho coast from the green 
and fertile highlands of Yemen. These highlands present a most 
curious contrast to the arid sterility of fho Tehama. Kanges of 
mountains rise abruptly from the plains to great altitudes (esti- 
mated at 10,000 to 12,000 feet, or even higher, but there is no 
absolute deteiminatiou of the height of any of tlie most prominent 
peaks) aud assume a general formation of parallel ranges, with a 
strike from north-west to south-east, sheltormg lateral valleys, 
which are wide and fertile, highly cultivated, and teeming with 
agricultural wealth. It is hero that coffee and indigo are chiefly 
rown. Here, in Arabia Felix, English vegetables and many 
inds of fruit reach perfection in a climate of which the average 
mean shade temperature may vary between 60" and 70° F. A 
line drawn from Aden noithwards for 170 to ISO miles will pass 
not very far from the main wator-iiarting of the plateau, of which 
the average level is 7000 or 8000 feet, and not far east of the mat 
caravan road which connects Sanaa, the canital of Yemen, witn the 
great southern port. It is on this route tliat tho towns of Kataba, 
Torim, aud Damar are situated, and it has probably boon through 
all ages the groat central trade route of Yemen. It is remarkahlM 
that whilst tho Tehama is subject to a most uncertain rainfall, 
there should be two regular wet seasons in the highlands, corre- 
sponding to the spring and autumn monsoons’* of Harrar aud 
the Galla country. Bain is said to fall daily during the recur- 
rence oi these wot seasons, but with inteimittent periods of V>right 
sunshine. Of the beauty of tho scenery in the Yemen hiil-country, 
Harris gives us a most vivid description. **Toru into all manner 
of fantastic peaks, tho rocky crags add a wildness to tho view that 
otherwise possesses the most |)eaceful charms. Bich green valleys, 
well timbered in places, and threaded by silvery streams of 
dancing water ; sloping fields nay with crops and wild flowers ; 
tho terraced or jungle -covcrca slopes — all are so luxuriant, so 
verdant, that one’s ideas as to the iiaturo of Arabia are entirely 
upset,” Colonel Wahab, wdio surveyed tho hills north of liohej 
in the Aden district, describes the w^ealth of green tei races, sloping 
in steps of graceful contour dow'u tho spurs of the mountains, as 
recalling the beauty of Himalayan scenery in the valleys of the 
Jumna and Sutlej. SanoUf the capital of Yemen, lies at an eleva- 
tion of nearly 7800 foot above sea-levcl, about 250 miles by road to 
the north of Aden, and 180 by road north-east of Hodcida, on the 
Red Sea coast. Between Sanaa and Aden arc the three prineijial 
towns of Damar, Tcrim, and Kataba, the lust marking the 
soutlicrn frontier of Turkish occupation iii the highlamls. JJamai , 
9300 feet above sea -level, is described by Hun is as being an 
unwalled town, but })rotcctc(l by small mud foits placed at 
intervals — an obviously Turkish innovation denoting recent con- 
struction. Many of its houses are wdl built of stone, aud 
decorated with considerable taste. A }»oculiarity in their con- 
struction 18 tho use of slabs of alabaster for the windows, w'hich, 
being carved lu relief, admits of a ]>eeuliarly solt and varying 
light. There is an open square about tlie centre of the toian, tbo 
bazaars and narrow Btreots around it being full of life and busy 
with trade. As usual, tho Jews occupy a separate quarter. The 
effects of Turkish mi.srulo are everywhere strongly marked in 
Damar. Terinij 80 milos from Sanaa, is comiMiratively a new, 
and essentially a poor, to'wn, built chii'fly of sun-dried bricks. It 
lies between 7000 and 8000 feet above sea-levol. 

Two notable examples of the engineering skill of the Subsan 
and Himyaritic Aiaos exist in Yemen ; one at Hirraii, near 
Damar (which Harris believes to be tlic Haraii of Biblical record), 
and tiic other at Mareb or Saba. Tho storage tanks at 
which are supplemented by deep wells, were obviously built for 
tho ])iirposo of providing water for the garrison ot an ancient 
fortress which encloses them. Two spurs of a hill have been joined 
by an enormous wall, W'heieon there is 8])acc suflicient to drive “a 
carriage and pair.” This wall is 150 yards long and 20 feet 
high, and is built with the peculiar cciiient whi<‘li is typical of 
early Arab eonstniction. Han is recognized in it many points of 
similarity to a gigantic wall, dating from early Arab times, which 
exists at Mekinez in Morocco. Within the wall is a well of which 
the low’er part is sunk in the solid lock, and above the northeni 
end are a series of three tanks reached by a stairway. Hiiian, or 
Hail Hirran, as the hill is also called, is perforated with excavations, 
and abounds in sepulchral ruins and masses of broken pottery. 
The great dam of Mareb or Saha) possibly dates from 1700 

years B.a, for its construction is attributed to the father of Himyar, 
tho founder of the Himyaritic dynasty. It is certainly of vast 
antiquity. M. d’Arnaud describes its ruins as comprising a 
gigantic wall 2 miles long and 175 paces wide, connecting two hills, 
^e water which was stored by means of this enormous dam was 
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nllowed to escape by dykeii or ofioniugs, at ditterent levels, so that 
irrigation could be maintained, no matter at what level the water 
of the tank might stand. It is supjioscd to have been burst under 
exceptional pressure about a.d. 100. 

The system of storing wat<‘r in tanks, and the evidences of its 
antiquity, are abundant throughout South Arabia, and these evi- 
dences may supply a key to the mystery of those strange construc- 
tions in Souttiern Baluchistan and Makrdn which for ages have 
presented an interesting problem to investigators. Tiiroughout 
Makraii, but perhaps more esi»ccially in the districts of Papjgur 
and Kolwali, there are relics of walls oi enormous thickness, and 
sometimes of considerable height, which are only known to the 
local inhabitants as Ghorbasta, or Ghabrhasta, the name indicating 
merely that they w^ie built by a race of sun- or lirc-worshijipcis. 
No modern Baluchi ackuowiedges any connexion with them. 
They possess, in fact, no history — no tradition even ; hut the 
jsiculiiinties ut their construction distinctly point to the s.inie lace 
of people for their origin as those who terraced the hillsides and 
revetted the Helds round about them with siiiiilar niusonr\ 

Those ** Asiatic Ethiopians *' whom Herodotus ])laces iii Southern 
Baluchistan .^00 years u.('. have disappeared, and the Aiah influ- 
ences which now pervade the country iioin end to on<l aic of later 
date and diflbrciit origin ; but there can ho little <luuht that the 
Saharan or Himyaritic races of dusky Arabs wlio fencc‘<l lound 
their gold mines in Africa with strange fortilicatioiis and built 
up the vast protective works foi water stoiagc in South Aiahia, are 
respoxiHiblo for xnaiiv works designed on the same pmici pies and 
of similar coustru(*tiou on the eastern side of tlin Pei<)tau Gulf. 
(See BALirrHiHTAV.) 

A ctTtain amount of fresh light has been throw'u on the ancient 
coniioxion tKjtAvecn Ktliiopia and South Arabia by the researches of 
Glaser. This coiiiiexlou was evidently so <*lose as t<i ajiproach to 
the aflinity of blood relationship. Egv]>tiaiis, Syrians, and (irecks 
traded with Arabia for frankiiioensc hu more ccrituncs before our 
ora than avo can clearly count. “In the most pnimtivo times,** 
says McCniidle, '‘the merchants of Aiahia traded to Gaza and 
Egypt, and the ]»roduocr8 of incense in Africa followed their 
example.” What the Grooks called Ethiopia the Egyptians called 
l*unt (or Pwent), Habash, and Kash. Punt cciLainly rclenfjd to 
both siiles of the Red Sea, hut the name nevei occui*8 in 
Himyaritic inscriptions. HahuMh (oi llahasliat) does occur, and, 
according to Glaser, the Avord means “collector” f , collector of 
iiiconsis and applied e(pially to AfiuaiiH an<l Aiahiaiis — to Abys- 
sinia and Somaliland as widl as to lladrainiit 


Tilt* condeiiHcd history of thi‘ Arab nation fioin tho very 
earliest ages, AA'hich is to lx* found in the articles “ Arabia ” 
and “ Yeinoii” of the ninth edition of the 
Outcry Jiritavnica^ sufliciently illustrates the 

ex]»ansioii of Arab trade and Arab coloniwition 
in those days wdien Ktliiopia and Southern Arabia seem 
to have betni united in the closest lioiids of (‘omuiercial 
affinity, and gold and frankincense and myrrh formed the 
child ai'ticles of commercial cjue.st. But Avlnlst the spread 
of Arab (or Ilimyaritie) influeuce to the Avest and north 
can be more than faintly estiiiiated from classical records 
and ancient inscrijRions, there is very little said about 
eastern fields of cuterprist», and it is only .since the Avaste 
places of Haliichistan and the sliores of MakrAii have Ixsen 
brought under the close scrutiny of the Indian surveyor 
that evidence has been collected which jiroves that Arab 
enterprise, if not Arab empire, included a vast aixu of Asia 
to the east ot the IVrsian (Julf, just as it included a vast 
urea of .Africa to the A\esL of the Ueil Sea. 


Ilnrudotus refers to Asiatic Kthio])iaus, hut makes xio confusion 
Itetwooii Aft ica and Asia us suriie modern historians suggest. The 
historians of Alexaudor’s campaigns throw* a casual light on tlie 
oxisteuoo of a trade in iiioeiise which could only have been oaincd 
on by Arab merchants. In enumerating the inliahitauts of 
Southern Gcdrusia (Baluchistan), Ptolemy mentions Arbitie, Pai- 
sidle (or Parsine), and Rhamnte, whose names are too suggestive 
of the Arab, Persian (or Tujak), and Dra vidian ethnic occuiMition 
of tiie same nature tliat now exists to he altogether acciueutal. 
But it is to that iiiA'aluable anonymous reconl, the Perinlus, and 
to the discovery of many relies of tin- ancient trade in Egyptian 
or Phcenician glass (the^TaXo? dpyif of the Periplus), which are to 
be found in abundam;e on the coast of Makran, that we are chiefly 
indebted for the ideiitiHoation of many of the trading ports of the 
Arabian Sea wdiioh would otherwise bn subjects of coinecture. 

Long bofora tlie rise of Mahommed, Semitic colonies had planted 
themselves in Asia to the oast of the Persian Gulf, and from the 


days (early in the Ist century of oar era) that the pilot Hippaliia 
workM out the problem of a regular peesaM between India to- 
Africa by making use of the monsoon winds, Arabia competed 
with Ej^pt on the commercial highways ot the ocean. The 
Christian Topography of t/u Univeroe, by Cosmas Indicoplouetes 
(abont A.X). 585-547), continues tlie story of the Periplus about 
400 years later, and mves an account or the trade with Malabar 
and the Eastern Archipelago, which is taken up again by Arab 
geographers of the next seven centuries. A trading colony of 
^httian Arabs existed at Canton at the beginning of the 7th 
century. Arabian science influenced Chinese astrology, meteoro- 
logy, and astronomical instruments, according to a learnt Chinoao 
authority. Colonies of Arabs and Jews settled early in our era 
on the southern coasts of Bombay, where their descendants are 
to be found to this day. When Mahommedaii Arabs resorted 
thither in after aj^s they met with a friendly reception similar 
to that which their Sabaeau predecessors had obtained, and they 
shared the honoured naine of Mo[)lah together with Christians. 

With the rise of Mahommed and the universal aceeptance of the 
creed of Islam, the second clia 2 >ter m the history of Arabia o])ens. 
Hitherto Semitic iustixicts ibr trade and barter liad been the 
moving spirit of an extension of Semitic, if not of Arab influence 
over the whole of the then known world. It was the enormous- 
acquisition of geographical knowledge, supplemented by commercial 
wealth — tlie accumulation of oeiituries of trade, initiated no doubt 
by the soutliem or Himyaritic races, but gradually shared by the 
northern or more distinctly Semitic tribes - -that iiaved the way for 
the unprecedented success of Arab arms in the cause of “Jehad" 
or holy war. The chief military movements directed against 
Europe, Northern Africa, and Persia, under the influence of 
Islamitic loligiuus fervour, and the almost unbroken success which 
attended these iiiovenieiita. are alieady briefly recorded. But in 
this recoid no note is made of that most remarkable episode in 
Arab history which culminated in the conquest of Sind, stamped 
out Greek lufluenees oil the Indus, and proved to ho the one 
occasion in history when India was successfully invaded from the 
west. Very early in the iMahummedun era, if not before it, Arabs 
from the north — fium Syria — had overrun and occupied Makran 
and Sistiin. Several attempts to invade India wore made before 
tlie Hiicressful expedition ol MahoimiiiMl Kasim in a.i>. 710. Ac- 
cording to latest nistury (Major Jarrett’s translation of Ax Siynti), 
Maknln was subjugated in 644, and in 668 Kirmau, BistAii, 
and the western mountaiu districts oi Makran were conquered. 
Two attempts to caiituie Dchal, the )>urt of Sind, were unsuccess- 
ful In the Calipliatc of Moawiah, Abdulla bin Siiwad invaded 
Kaikuiiau (i.e., tlie Kalat highlands) and atteiiqited to reach Sind 
that way ; but the attempt failed, and there may still be seen 
near Kalat the traditional graveyard of the Arabs who fell in the 
attempt. Frciiuent Arab incursions were made ludiawards, but 
they were all tiy land following the Kirmdn and Makian route 
from Syria. Buddhism, which prevailed all through Sind and the 
mountainous districts to the we.st, had given (dace to Brahmaiiism 
about the middle of the 7th century, when the Brahman Chach 
usurped the throne of Sind. But it still held its own in Bela, 
between Sitid and Makran, and in the border province of Gandava 
(sometimes called Kandahar by Arab geographers), which was known 
as Budh at the beginning of the 8th century. There were great 
Arab cities and a flourishing trade between east and west before 
the Arabs conquered Sind. Kaiidabel (Gandava), Amiail (Laa- 
Bela), Kanazbmi (Paiijgur), wore certainly in existence before Sind 
was conquered, and it is probable that many of the other towns 
and cities of Makniii wliich subseaucntly rose to fame and opulence, 
when the great trade route to Inaia iiassed through that country, 
were already founded, if not already famouH. 

The conquest of Sind oiigiiiated in the eiforts of Wolid (sixth 
CaU))h) to punish the Karak and Med pirates who had idundered 
vessels from Ceylon laden with presents for the . 

Caliphate. These Karsks (who have loft their name 
at Karachi) were of Scythic origin, and their ethnic " * 

afliiiities may be traced on the Euxiiie to this day. They have 
disapjMiarcd from the coasts of Baluchistan. The Mods are still 
there, a humble and starved race of fisher folk novr, but once 
2 K>werful tribe in the Punjab and on the Indus. They, too, hailed 
originally from the north. Thus the expedition linally became 
partly military and partly naval ; and it appears to bo the first 
Arab naval expedition in the eastern seas, although they were 
about the same time occupied in the conquest of S^iti from tho 
shores of Africa. It was not until two unsuccessful attem])tB had 
been made to reach Debal that Hi^aj, the governor of Irak and 
Makr&ii, appointed liis relative, the boy-general Mahommed Kaaim, 
to the command of a fresh force, with the conquest of Sind in 
immediate view, but with the ulterior object or reaching China 
hrom the Indus. At tlie same time another general, Kutaiha, left 
the Oxus for the aame goal, and the governorship of China was 
promised to whiohever of the two reach^ that country first. 

With a force of 6000 picked cavalry, 6000 camel-men, and 8000 
baggage animals, Mahommed Kaaim traversed Makran, sendinip 
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At the Mm« time five catapults by sea fer the purpose of loduciitg 
Debal. He passed through Makrau from west to east, destroying the 
Buddhist city of Armail (Las Bela) m routes and finally captured 
DehU on the Ist May 712. From that Mint his onward progress 
was triumphant. He enlisted Meds and Jats into his army, and 
by the time he had reduced Sudusau (HaidaralNid) and reached 
Multan he had 50,000 men under him. lie extended his conquests 
northward to the borders of Kashmir, and estahlisbed an Arab 
dynasty in Sind which lasted for three centuries. Tlie Caliph 
\va1id died in 715 (after substituting Arabic for Greek as the 
language of the Indus provinces), and the trade end of Mahomnied 
Kasim IS one of the epics of Arab history. Those three centuries 
of Arab occupation of the Indus valley mark the zenith of Arab 
asoendoncy in Asia. In 770 the governor of Sind liecame governor 
of Africa, and again in 800 there was a similar transfer. Amraii 
was perhaps the most famous governor. His control of Sind 
lasted from 883 to 841. Before the end of the 9th century 
Arab rule had coirimenced to decline ; and then arose the cities of 
Multan and Mansura. 

Throughout these centuries Sind maintained regular coiiimorcial 
communication with the rest of the iMahotiiinedan empire ; with 
iiio regions of the upper Oxus by way of Kabul and Bamian ; 
with the Central Asian khanates through Zabuhstaii, Kanda- 
har, and Herat ; with Persia ami Syi-ia and Europe thronch 
Maknin : and a host of Arab geogi-aphcrs arose who have partly 
recounted their own experiences as travellers, and ]^)arUy (as lu tho 
case of the liest known of them, K^lrisi) acted as geographical 
compilers. From them wo learn the enormous extent of that vast 
network of commercial routes which was then aj)rea<l over the face 
of Asia — a system of roads, caravanserais, and nicrcantile centimes 
Mdiich has Init its traces plainly wiittou in spite of the sweejting 
waves of ilestruction poured across it by M<»ghul and Tatar. Tho 
skeletons of ancient towns an<l tlni dry channels of gicat iriigi- 
tioii works in the valley of tho Helmiiiid and the jilains of Sistan 
witness to tho former wealth of these regions under Ai ah i tde ; and 
from Quetta to Heiat, and from Herat through Badghis and 
Afghan Turkestan to the Oxus, there are still to ho cneounteied 
evidences of Arab occupation in acres of aiicuuit nuns. 

One or two of their more famous cities may bo mentioned. Ti/, 
now a heap of rums and a waste of paveyaids on C'hahhar 
bay, was once a groat port of debarkation on tho Makt.in 
coast for India. It is well situated so as to avoid the full blast 
of the monsoon winds across the Arabian sea. From Tiz to the 
fertile valley of Kiz (or Kej), and from Kcj to Kanazlmu (Panjgur), 
Armail (Las Bela), Maiihabari (Maiija, or Mugger, Pir), and Debal, 
tho ancient Indus port (tho rums ol >\liich aie uow fat inland), 
tlio most frcquentca of these trade routes e\tcnde<l its length. 
Kiz ainl Kanazbun ore described ns large cities — as largo as 
^lultin; and the morchants of Kanazbun wore famous lor their 
wealth and their fair dealing, lii the Indus valley such cities as 
Sadusan, Mansura, and Brahmanabad outrivallcd the glories of 
any of our modern Indus to^Mis. 

It was ddubtloss during these three ceiiturics that the Arabs 
developed their genius for shiphuilding and acquired that command 
A bla a eastern seas vhich -was followed by the eomjilete 

a’iaavat * domination of the Mediterranean. As tradei.s, Semitic 
Dower races had held their own on the seas fiom the eailicst 
dawn of history, and altliough they fell befoie the 
naval jiGwcr of Rome, they reasserted themselves m full force, as 
Saracens, during the Middle Ages, even in the West. In the ICast 
they struggled long for supremacy w ith tho Turks and Ibiall y lost it, 
but they were the first sea-power on the liulian Ocean and in the 
Persian (5ulf. The lines they originally laid down for the con- 
strue tion of their sea-going vessels may be as distinctly traced in 
tho early ocean sailing shijis of Portugal, Spain, Holland, and 
Eni^land, as their nautical terms and astronomical nomenclature may 
bo found in tho mouth of tho modern sailor. Many naval terms 
and nearly all tho astronomical divisions of the heavens arc of 
Arab origin. During tho sovereignty of tlie early Caliphs an 
immense impetus was given in the Baghdad schools to the study of 
mathematics and the exact sciences. Borrowing tlieir numerals 
from India and the compass (as well as gunpowder) from China, 
the Arabs liad evolved for themselves systems of navigation and 
instruments for determining the value of latitude and lonmtiide, 
before the close of the 12th century. About the time that Roger, 
king of Sicily, employed the geographer Edrisi in the compilation 
of a geographical map of the world, Abdul Hassaii AH of Morocco 
wrate a treatise on astronomy which included a detailed account 
of the use of instruments already well known and in the hands of 
Arab navigators. Amongst them was that ingenious instrument 
the astrol^e, by means of wliich observations for latitude could 
be obtained. Longitude was determined then, as now, by the 
differences between clock and snn time. It seems, indeed, almost 
incredible that the route to India vid the Cape of Good Hoiie 
should have lieen loft to Portuguese navigators to discover ; for the 
Arabs certainly know how to traverse tho Indian Ooean centuries 
before the arrival of Vasoo do Gama. It is possible that that great 
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Portuguese adventurer made use of Arab pilots in his voyages of 
discovery. With the rise of schismatics and the birth of those 
heresies which, under tho name of Khariji, Miesaja, Sbariite, 
Ismailite, Karmatian, Ac., spread their roots alar horn Syria to 
Mecca and from Mecca tp the Indus, the jKiwor ot the Arab in the 
East rapidly waned. Chief amount these sects wore 1 1»«* Km matians. 
We hear of them fii-st in the tiays when the j»owor ol tlic Cali- 
phate was declining, ore tho reign ot Al Muktoflar (908-932), by 
which time the lurks were already aggressive. By then tlie 
Karmatian heretics had brought themselves into prominence bv 
plundering Kufa, Basra, and Samara, and even carried off the 
sacred stone from Mecca. Tiiey aro not mentioned by Ibn llaukel 
as l>cmg in the Indus valley in tho 10th centiny, but it could 
not have been long afterwards that they ap]»eared as lefugech from 
Balirein and K1 Ilasa. About 98r> they lotindcd new settlements 
on the Indus, and shoitl}* aftorwaidb weic in iiosNcssion of Multan 
and Mansura. Mahmud ol Glmziii captured Mansura, about 1086, 
on Ids rcliiiii from Soninat, heiug nlieady in possession of 
Kho/dtir (Kaiat) and Multan, and thus practically closed the era 
of Arab ascendency m Sind. Ho restored the old luosipio at 
Mumn, bmlt by tbc Drnmayide CalqiliR mid destroyed by the 
Karmatian s There is a peculiar iiitoiest attaching to these 

“people of the veil,” lor thev were in close eoniniiini<‘ntioii with 
the medueva) sehisniRtics of Sviia, the IbisiiashiiK ilie Isniail- 
ites, the Dinses, and otheis of those mystical seits who were 
indebted to the East for their philosophy and theolog} and tho8e 
mystic creeds which ended iii })uie atheism The Gbazni lule did 
not last long. It was soon lepl.iced by the Sumia flynasty of 
Alahoinmedaii Rajputs, winch lasted for tliice ceiituiios. One of 
the Sunn a rujiihs at least was a Karmalian Pure-bi'ed Arabs had 
almost disappeared Irom Sind eie the rise of the Kai matians. It 
is said that tlie 111 st Ghazni vide goNcnioi ol MullAn loimd but very 
few Arab families remaining ; but Babicliistaii slid (‘Oiitiuued to 
attract them, and although the Arabu’ tongue lais <lisappeared 
Irom the legions east of Persia, then* is not u tribesman who boasts 
the title of “asl” or “pure” Balindi, who does not claim Arab 
descent and associate his ancestry with the tii))o of Khoieish. In 
many eases this claim is obviously without loundalioii, hut Ibeie 
IH still n powerful confederation ol tribes calling themselves Rind, 
whoso ajipearanee maiineis, and traditions ate undoubtedly 
Semitic. They exist m the lower parts of the Kej valley ol Makran, 
separated l»y the, coiinliv ol the lirohui liom the Indus bolder 
IliiidH, who oceiqiy the highlands sniitli and oast of Quetta under 
the name ol Mams, Bugtis, Bo/dais, Ae. The Arab tribes (or 
tiibcHot Arab e\(iailion) on the BaluL*h bordeilaml include tho 
Imst ami finest amongst tlm many peoples of vaiied origin who 
occupy positions of indepondence in the lioritiei hills. 

There is but little to roeorfi of evidein es in stone ami bnck of 
the Aiab eonc|ue8t of Siml. Long lines of tombs, Mtone-built ami 
massive, aro to be seen at Talta, all of which arc of Mahoininedau 
design, but probably of later date than the <l.iys of Alansiira and 
Biahmunabad. Tlie ]) 0 st known and the most inlerostiiig ndies 
are the eiinoiiR double-chamheied tombs (the two ehaiiibeis foniiirig 
a double stoioy), richly ornamented with geometric* designs, and 
decorated with the true Saracenu* aicli, vvliicli cvist in groups 
throughout southern Sind and the Lius Bela bordeilaml. Tliey 
always exist apart trom the visible i<*inaiiis ol destroyed cities, being 
tbemsclves often in .i remarkable state of jueseivation, and con- 
Rplcuouh objects ill tlio laiidseape by renson of tho elevated sites 
which have been seloeted for their bnildiiig These .are attiibutcd 
to an Arab race called Kalmati, v\ln» aie siid to have onguially 
migrated tbroiigli Mnkian Irom Oman ami viJio, in the course of 
tlicir migration, settled on the slmies of tlie Kalniat Khaur, one 
of the harbours of tlie southern coast near Pasni. The name 
Kalniat is so old as to be lecognized as the “ Kalania ” of Ncarkos ; 
so that it is ]»iobahlo tliut the comixaratively leient tnbo of 
southern Arabian (»rigiii who, under that name, formed a powerful 
coinniunitv m southein Sind within histone times, and have left 
behind them by tar tho most perfcf t Arab moiiiiments to be found 
on tlic bonlers of India west of tlie Indus, adopted the. name ol 
their temporary rcRtiiig-jilaee in Maknin. Scattered remnants of 
the tiibo & 1 V. said still to be found in Sind. 

Turkish sovereignty is now |»amniount througli all 
Western Arabia, from Palestine! to the strait of Bali- 
el-Mandeb, as w’^ell as through Eastern Arabia, 
from Basra, on the Euphrates, to tlie boundaries 
of Oman. The cultivated districts of thr* southern 
coast are divided lietween Britisli occupation ami tliat of 
inde]iendent tribes ; the central deserts are still the home 
of the Beduiu ; and the highlands of Xej<l are divided 
between two independent chiefshijis, each of which is 
of doubtful territorial extent, but considerable political 
significance. 

The condition of Arabia about the middle of the 19th century, 
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when the Wahabi stretched his rule across the peninsula from the 
Bed Sea to the Persian Gulf ; wlien Hasa, Harik, the whole of Kejd, 
Kasim, Asir, and iiie })rovinces adjoining Yemen on the north 
were united under the sooptre of Feysul, has been well described 
by Palgrave. In 1870 Feysul, aged and blind, was assassinated, 
and dissensions arose which led immediately to the decline of 
Waliabi power, and gave opportunity to the Turk. A TurkUlt 
force was despatched into tiie province of Hasa on the oast, 
and occupied its cajdtal, Ilolhuf; and about the same time 
Turkish interference asserted itself on the west in Asir (between 
Yemen and Hejar.), and in thr inland provinces of Shammar. In 
1871 a 'rnikish army from Syria tentatively established Ottoman 
sovereignty in Yemen, at the invitation of the Yemenis themselves ; 
but Palgrave eonsideied (with good reason at the time he wrote) 
that Yeinou would not remain long under Turkish rule. The 
I'urks have, however, not only retained their hold on Yemen, but 
they have rather consolidated than weakened their authority m 
the Shiah provinco of Asir, and extended it indeiiiiitcly into the 
liintorlaud which borders the central desert on the east of Yemen. 
In Hejaz their authority has never boon doubtful, so that all the 
fertile and populous districts of Western Arabia bordering the Red 
Sea are now under Ottoman rule ; and this rule is only limited on 
the south by the British occupation of Aden and the conHcqiieiit 
extension of British influence into the adjoining distnets. No 
definite boundaries exist ; but the southerii frontier of Turkish 
Arabia is placed hy the most authoritative maps in n position a 
little to the south of Kaiaba. Kataba is aljoiit eighty miles due 
north of Aden, well within the limits of the mountain distiicts, 
which here attain to uUitiides of 7400 and 7700 feet above sea, as 
determined by the latest Indian surveys. From a point south of 
Kataba, which roughly forms the ajsix of llie triangular division of 
Southern Arabia incliidod within Aden jurisdiction, the partition 
line between Turkish Arabia and the Aden disti lotsmiiH ii regularly 
{last Tez (ii town south of Ibb on the main northern caravan route) 
to a point on the coast line of the promontory of Sheikh Said, 
about seventy milos’to the west of Aden. Here the Turks have 
constructed a fort and established a permanent military post at 
Turha. The guns of the fort do not command Pcriin, and the object 
of the oc(‘Upat 1011 is doubtful. It is to tlus position that the FieucU 
have advanced a shadowy claim. On the east tlio dnisiun between 
Aden and Yafi territory roaches from Kataba to tlio coast, near 
Shiikra, about sixty miles east of Aden. From tins point to tho 
borderland of the fertile provinco of Oman, wliicli occupies the 
south •eastern corner of tho peninsula, tho cultivated and liabiiablo 
districts of the southorn coast aio under the indejiondent rule of 
local chiefs who boast (according to Palgrave) an indojiendence of 
barbarism and jioverty wdnoh is in great contrast to the orgaiurod 
and progressive governments of the Arab sheikhs of Central Arabia. 
This liardly agrei*s with tlio latest illustiation of tho conditions of 
Arab oxistonco in Iltidraniiit uHbrdcd by tho cxplorutioiis of Bout, 
Hadramut is in direct touch w'lth civilizing inHueiiccs at Haidura- 
bad in the Deccan of Imlia ; and in that city many ui its chiefs arc 
to bo found serving the Nizam. Indigenous Arab government, 
undisturbed by Ottoman rajiacity or by internal dissensions, in- 
variably demands rosjiect. In Southern Arabia, at the nresent 
time, it is probably to bo fouinl at its best. The province or Oman 
has always succooded in maintaining its indopeudeiico of Tmkey, and 
is now under tho rule of a member of the sumo Yenicnilc dynasty 
of Imams that has existed since tho province was first de- 
livered from tho yoke of J\>rsia, about the iimldle of the 18th 
century. Tho Turks aio as firmly ostablishcd in K1 Hasa, to 
the north of Oman, as they arc in Hejaz, in Western Arabia. 
Hofliuf, tho capital of K1 Hasa, is about 40 miles from AJer, on 
the coast, and from 90 to 100 from Katit. Here, and at El Bidia, 

IS a small garrison of regular Turkish troops. At Katif, where 
there is nothing hut an obi fort facing the sea, a force of zapticU 
(Turkish gend innurie) represents Ottoman authority. £1 Hasa is 
governed by a Turkish lieutenant -governor under the Wall of 
Basra. In 1886 the Turks commenced the construction of a fort 
at Fau, nearly opposite Mohamrah, on the lower Euphrates, which 
effectually dominated tho channel of that rivei. This was fn direct 
coutravontion of tlioir treaty engagements with Persia. In con- 
seipience of representations made to the Porto hy the British 
Governinont, the work was suspended some years ago, and guns 
were never placed in position ; but the enenntr of the fort remains 
exactly as first constructed. In the Nejd or highlands of Central 
Arabia the political divisions of tho country are represented by tw'o 
independent Arab states, governed by the emirs of Jobol Shammar 
and Ritvd respectively. Ihii Rashid of dobol Shammar, lately 
deceased, was reckoned to be the most imixirtant political person- 
age amongst Arab chiefs of tJic present day. Ho was said to 
IHissess a hodyguaid of 1000 niountcd negroes, whose steeds were 
arrayed in silver harness. He was undoubtedly a strong and 
eariable ruler. The two emirs or sheiks arc iiidepi^ndcnt of each 
otner ; but both admit Turkish influence, whilst they repudiate 
Turkish sovereignly. The Turks themselves, for political reasons, 
still include all the Wahabi territory which they once dominated 
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under the tenn N^d in their official documents, and they main- 
tain their nominal rights as conquerors over the country. Prac- 
tically, they do not interfere with the local Arab governments, 
which appear to be strong, progressive, and equitable. 

Turkish authority in Yemen has never been established on tho 
firm basis which supports it in £1 Hasa and Hejaz. Turkish 

misrule and oppression have, no doubt, much to answer _ , , 

for in promoting the rebellions and disturbances which, 
with but intermittent periods of rest from exhaustion, 
have harassed Yemen since 1891. But it must be remembered 
that the province of Asir, north of Yemen, in which these rebellions • 
commenced, is a Shiah disti ict, allied by religious principles to 
Yemen rather than to the orthodox province ol Hejaz, and that 
there are some 600,000 Wahabis, as well as upwards of 2,000,000 
Shiites in Yemen who do not recognize the Caliphate of the sultan 
in any way, and who will always dispute Ottoman sovereignty 
when an opportunity may arise which promises success. The easy 
and slack government of the Shiah Imam of Yemen had terminated 
in something approaching to general anarchy in the country in 
1871, when the Yemenites rashly invited Turkish intervention. 
The Turks came from Hodeida, and, more suo, they came to stay. 
Although the Imam survived tho Turkish occupation of Sanaa, the 
capital of Yemen, he existed only as a Turkish pensioner, and the 
Arab tribespeoplo soon found themselves little better than Turkish 
slaves. Acts of oppression and violence on the part of tlie Turkish 
authorities led to a levolt which commenced with resistance to tax - 
collecting on the part of an Asir tribe, the Beni Moruau, in 1891. 
Turkish rule had never been more than uotiiinal in Asir, and so long 
as the Beduin rulers of Hejaz withheld their support it was of *no 
great political significance. But the first reverse sustained by 
the Turkish troojis (who took the field unprepared, and were 
defeated with a loss of 400 men in the caily stages of the robolliou) 
set all Yemen aflame, and in a very short time the insurrection 
included all tribes south of Asir, excepting the Beduin of the 
'rehaiiia A Tinkish force which landed at Hodeida under Ahmad 
Feizi Pasha — formei ly governor of Mecca — checked its progress for a 
time. Manakha was retaken, Sanaa relieved, and Ismail Pasha 
was dosjiatched to crush the rebellion in the south. Here a rapid 
collapse of the insurrection ensued, and, with 40,000 Turkish 
troops in Yemen, it ajipcured in 1898 as if resistance was at an 
end. The northern inouiitain districts, however, were but half 
sulxlued, and with but small provocation tho flame lias burst out 
again and again with intermittent {lersistcncy ever since. In May 
1895 the British vice-consul was murdered. Early in 1896 fight- 
ing between tho Ateyba and Harb tribes was reported; and tho 
disturbances culminatcrl wuth a partially succebsfiil assault upon 
Yambo (where the governor was wounded In the conflict) and in a 
mutiny at Jidda. It was decided to build forts at Jidda, and 
to despatch further mnforcenients ; but the record of the next 
two years still continued to be one of local disturbance through- 
out the country, and of more or less organized rebellion in 
certain parts of it. Tho plundering propensities of the ’Wali, and 
tlic unrest which is the invariable secpiel of famine, led to another 
serious rising in 1899, and to the despatch of 22,000 troops and 
7 batteries of artillery from Mecca. In May 1899 the Turks 
Buffered a severe reverse at the hands of the Boduiii, led by the 
Imam ; but another hard-fought battle took phice in June, in 
which the Turks were successful. In October of the same year 35 
regiments, each 400 strung, left Constaiitinoplc for Upper Yemen ; 
and since then, although, according to report, there have been inter- 
mittent fighting and active rebellion from time to time, it is clear 
that on tlie whole the Turks have not only maintained their 
position hut have annexed new country and extended their occu- 
pation to tho eastern hinterland of Yemen. Turkish occupation 
lias doubtless favoured tho interests of Great Britain in Yemen by 
affording some sort of guarantee for the safety of trade routes. 

The greater part of the Yemen trade now flows to Aden. Tho 
anarchy whicn pracedod Turkish rule affected not only locsal trade 
but tho importation of Euro])ean goods from the Persian Gulf. 

As might be expected from the close connexion which exists 
between commercial Arabia and India, trade prospects have suffered 
considerably from tho influences of famine and iilaguo of Vrarfe 
late } ears. The Jidda trade in 1 897 showed a falling off 
of nearly £51,780 (or 8 per cent. ), reducing the total import value to 
about £6 15,000. On the other hand, trade with Egypt (which, curi- 
ous! v enough, includes the importation of a considerable amount of 
Brazilian coffee) is increasing rapidiv. The chief imports are rice, 
wheat, and manufactured goods. The decrease in the value of tho 
latter alone amounted to £35,740. Exports (chiefly hides, gum, and 
mother-of-pearl) also sliow* a decrease, the total value only amount- 
ing to £19,250. Hodeida has suffered equally fVom the general 
depression of. trade, although the want of a harbour must be 
reckoned as a permanent drawback to trade with this port. 

The total imports (piece goods, food stuffs, spices, and dates, 
chiefly) wore valued in 1897 at £705,200, and the exports at 
£712,660. Tlie latter are mostly coffee and hides, the value of 
the coffeo export alone being over half a million. The products 
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of YenMn are almost ezolosWely agricultural. Coffoe^ dates, 
vegstables^ amd fruit from the Hills, with rock-salt, iron, and 
coal from the Tehama and lowlands, are the chief items in the 
trade reports, the lowland productions being inconsiderable. The 
Yemenis (estimated at 3,000,000 souls) weave a kind of coarse 
cloth, and they dye American cloth goods, and build ships ; but 
they have apparently no other industries. Kastem Arabia con- 
tributes something to the trade of the Persian Gulf. Bahrein 
IS answerable for an export of nearly half a million in value, 
and an import of £350,000. The termer includes dates, rice, 
i>earlB, and specie as the principal items, the value of the pearl 
* export in 1898 being nearly £800,000. The imports include 
cotfee, dates, piece-goods, rice (in lar^ quantities from India, and 
of the very best quality, much of which is exported to the main- 
land), pearls, ana metals. Of the total export value of £887,000 
from the Arab coast ports in 1898, £357,700 worth went to Persia, 
and of that amount £843,750 is included under the head “pearls.” 
'rhia indicates that Linja, on the Persian coast, is tlie great trade 
mart for jiearls of the Gulf ; and that Arab trade, indejieridently of 
this valuable item, is inconsiderable. The rice trade with India is 
that which figures most largely in the general commercial record of 
trade with fiorts outside the Gulf, and this, no doubt, is in)])ortaut. 
(For Aden trade see Apkn.) 

AuTBOitiTius. — Zeums. Oluhus, vol. xxii. xxiii. xxiv. — Blunt, 
W. S. “ A Visit to Jebel Shammar,*’ vol. li. Proe. 11. O. S. 1880. 
— Blunt, Lady Anne. Pilgri'ituige to Nt^d. London, 1881.- 
MCllbk, H. A1 Hamdani’s Qiograph%t. Leiden, 1884.-~1)(iughty, 
C. M. DoeummlB ^pigraphiqueit rieueillis dans le nord de VArah%*\ 
Pans, 1884 ; Travels in Northern Arabia in 1878-77, Cambridge, 
1886 ; Travels t/t Arabia Btserta^ Cambridge, 1888. —Bent, Tuko- 
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Verb. Ges. Erdk. xxi. Berlin, 1894. — Nold. **KeiS6 uach Inner- 
Arahien,” OlobuSt Ixvii. 1895.-- Cor KTKLLEMENT. “Un voyage 
(i la Meoque,” B, R. G. xiii. Lyon, 1895. — Siedkl. Arabic Lan- 
guages. Vienna, 1894 ; London, 1896.— Holdicii, SirT. “ Ancient 
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lieise tn Juner Aralten. Leyden, 1896. — Rossi, G. B. L'lemon 
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ArablStftlli formerly known as KhVizisUn, a 
province of Persia, bounded on tlit‘ 8. by the Persian 
riiilf, on the W. by Turkish territory, on the N. by 
Luristfiu, and on the E. by the Bakhtiari district and 
Ears. It is now subdivided into the districts of Mu> 
hamrah (ly.v.), Fellahlyeh (the old Dordk), BAin- Hormuz 
(popularly known as lidmiz), Jlavizeh, Hhushtar, and 
has a population of about 200,000 (mostly Arabs), 
and pays a yearly revenue of about £30,000. Tlie soil 
is very fertile; but since the dam over the Karun at Ahvaz 
was swept away, and the numerous canals which diverted 
the waters of the Karun and other rivers for irrigation 
were neglected and became useless, a great jiart of the 
]»rovince is uncultivated, and most of the crops de])end 
for water on rainfall or the overflowing of the rivers. 

The district of Siiitshtau, with the city of saino imiiw, 22 
\illagcR, and about 3700 families of the Kuuduzlfi, S&rl,Auufijeh, 
and Al-i-Kethi'r tribes, has a population of about 40,000, and pays 
a yearly revenue of about £6000. The city, with a population of 
about 15,000, is situated at an olovatiou of 400 feet at the point 
where the Karun river bifurcates into the Ab-i-Gerger and Shutait, 
in 32“ W N. lat. and 48“ 63' E. long. 


The district of Dizful, with tlu* city ol kmiuj name 12 villages, 
and 1000 families of the Al-i-Kethir tribi‘, has a population ol 
about 40,000, and j>ayR a yearly revenue ol about £6000. The 
eity has a ))opu1atioti of about 2.5,000, and is situated on the hit 
bank of th«» Ab-i-lh/ at an elevation ol 600 tcet in 32“ 25' N lat. 
and 48“28'K long (a. h.-k) 

ArftbklTi a piosperous town of Asia Minor, in the 
Memuret cl -Aziz, or IvharptH viliiytd, situated on an 
elevated plateau, near a sniall tributary of the Eui>hrates. 
Its large Armenian population sufFeivd severity iliiring tlie 
massacres of 1895. Poynilation, Indore 1895, 20,000 
(Moslems, 11,000; Christians, 9000) 

AraCOjUp a cdty and ))ort of Brazil, eayutal of the 
state of SergijH.^. The town was founded in 1855, and 
has now a population of about 10,000. It has a hospital, 
high school, normal school, a nuinbei of churches, and 
other public buildings. 

ArACatyp a town and port of Brazil, in the state of 
Ceara, with a pojmlation of 18,000. It is an important 
commercial centre, visited ]»y 8t»veral lines of coastwisi^ 
steaimTs. 


ARAOHNIDA. 


A RA(3HN1DA is the name given in 1815 by Lamarck 
(Greek, dpaxvq, a spider) to a class which he in- 
stituted for the reception of the spiders, scoryiions, and mite.s 
provioualy classifled by Linnmus in the order Ajitem of his 
great group lusecta. Lamarck at the same time founded 
the class Crustacea for the lobsters, crabs, and water -fleas, 
also until then included in the order Aptcra of Linna;us. 
Lamarck included the Thysauura and the Myriapoda in 
Ilia class Arachnida. The lusecta of Linnaeus was a 
group exactly equivalent to the Artliropoda founded a 
hundred years later by Biebold and Stannius. It was thus 
redu^ by Lamarck in area, and made to comjirise only 
the six-legged, wing-bearing “ lusecta.” For these Lamarck 
proposed the name Hexapod ; but that name has been little 
used, and they have retained to this day the title of the 
much larger Linnsean group, viz., Insecta. The position of 
the Arachnida in the great sub-phylum Arthropod, accord- 


ing to recent anatomical and cmbryological roscarclics, is 
explained in another article (Arthropoda). The Arach- 
nida form a distinct class or line, of descent in the grade 
Euarthropoda, diverging (j:K*.rhaps in common at the start 
with the Crustacea) from i»rimitive Euarthropods, which 
gave rise also to the separate lines of descent known as 
the classes Diplojioda, Crustacea, Chilopoda, and llexa- 
poda. 

Limulm an Arachnid. — Mwlern views as to the classifi- 
cation and affinities of the Arachnida have been determined 
by the demonstration that Liinulus and the extinct Eury- 
pterines (Pterygotus, <fec.) are Arachnida ; that is to say, are 
identical in the structure and relation of so many important 
parts with Scorpio, whilst dificring in those resficcts fiom 
other Arthrojioda that it is impossible to suppose that the 
identity is due to homoplasy or convergence, and the con 
elusion must be accepted that the resemblances arise from 
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close genetic relationship. The view that Limulus, the 
king-crab, is an Arachnid was maintained as long ago as 
1829 by Strans-Dorkheim (1), on the ground of its posses- 
sion of an internal cartilaginous sternum — also |K>86essed by 
the Arachnida (see Figs. 1, 2, «3, i, 5, and 6) — and of the 
similarity of the disposition of the six leg-like appendages 
around the mouth in the two cases (see Figs. 45 and 63). 
The evidence of the exact equivalence of the segmentation 
and appendages of Limulus and Scorpio, and of a number 
of remarkable ]K)ints of agreement in their structure, was 



Fjn 1. Kntoiilf^inniii. oiitoKturiiito or plttHtron of I nivlu^ Lair, 

horsal Kurluce. LAP, 1 h(X niitfirior protiUMH ; RAP, rlKlit aTitmioi procesM ; 
PhN, pliaryriKoal iiolcli ; ALIi, anterior lateral lotl or t<*n(lon , PLK, 
poMlorfoi latiiral lod or tendon , l*LP, jHMterior lateral proeeKs Natniul 
huo. (Fioiii Liitikefiier, Q. J. Mic. Sol. X ti, \ol. xm\ 18H4.) 

furnished by Laiikester in an article publisIpNi in 1881 
(“Liinulns an Arachnid,'^ QtvavL Jown, Mtn\ ScL vol. 
xxi. N.S.), and in a series of subsequent memoirs, in 
which tlie structure of the ontostornum, of the coxal 
glands, of the eyes, of the vono-pericardiac muscles, of the 
respiratory lamella', and of other parts, was ior the first 
time descrilicd, and in which the new facts discovered were 
shown uniformly to support the hypothesis that Limulus 
IS an iirachnid. A list of these memoirs is giv(*n at the 
close ot tins article (2, 3, 4, 5, ami 13). The Eurypteriiies 



Fin 2. — Vniitral suilaoo «)l the eiiUiHterniim of lAnmlHs jmUtphtni'ua^ IjHtr. 
LettorKUHiii Fik. 1 the ttildilioii ot NF, iieunil I'okhu proteciln;; t he 
"KKrogatetl khiikIia of the enntial iiervoua aytituiii ; T’VP, left iKJtitemor 
\ential procesH , PMP. ]M>Htnior utcdiiin prooeMR. Nntnial Kt^e. (From 
l4inkeRt«r.) 

(CJigantostraca) were ineludcd in the ideiitificiation, 
although at that time they an ere supposed to possess 
only five jiaivs of antt'rior or prosomatic appendages. 
They have now U'en shown to posw'ss six imira (Fig. 47), 
as do Limulus and Scorpio. 

The various comparisons previously made between the 
structure of Limulus and the Eurypteriiies on the one 
hand, and that of a typical Arachnid, such as Scorpio, on 
the other, had been vitiated by erroneous notions as to the 
origin of the nerves supplying the anterior appendages of 
Limulus (which wei*e finally removed by Alphonse Milne- 





Fk. a. — Ktii()Kl.()rnii7n of Scorpion {Palamnitnia xndm, 
Du Geur). dorRal Burfkcn ujip, paired antorkn* 
procesR of the Rub^nmiral arch ; /oip, stib - iioural 
•irch; «/>, antprinr lalural pixjcufih (Name aa-RAP 
and LAP in Fig. 1). Imp, lateral iinMhan proceaa 
(RRinu aa ALR mid PLR of Fig. 1), ;»/), posterior 
jiroress (ruiih* aa PLP In Fig. 1); p/*, posterior flap 
or fliaxdiragiu of Newport ; m* and w®, perforations 
of Ihu dinphiagin for the {laHsage of inuscIeR , I>H, 
the jiairful dorsal ridges ; G(;, gastric canal or fora* 
men; AC. niterial c^nal or foniTnon. Magnih«<l 
Ihc lltnoK lineal. (Afl/Ui LunkeNter, foe. c\1 ) 


Edwards in his beautiful memoir (6) on the structure of 
that animal), and secondly by the erroneous identification 
of the double sternal plates of Limulus, called “ chilaria,’’ 
^ Owen, with a pair of appendages (7). Once the 
identity of the chilaria with the jientagonal sternal ^late 
of the scorpion is 
recognised — an 
identification first 
insisted on by 
Jjankester — the 
whole series of 
segments and ap- 
pendages in the 
two animals, 

Limulus and 
Scorpio, are seen 
to correspond 
most closely, seg- 
ment for seg- 
ment, with one 
another (see Figs. 

7 and 8). The 
structure of the 
prosomatic ap- 
|)cndages or legs 
is also seen to 
jireseut many 
significant points 
of agreement (sei* 
figuri's), but a curious lUserepancy existed in the six-joiiited 
btru(*tnre of the limi> in Limulus, which differed from the 
seven-joiut('d limb of Scorpio by the defect of one joint. 
Mr R. I. Pocock of the British Museum has lately observed 
that in Limulus a marking exists on the fourth joint, which 
apparently indicates a ])r('vious division of this segment 
into two, and thus establishes the agreement of Limulus 
and Scorpio in this small feature of the numlh'r of seg- 
ments in the legs (si'e Fig. 1 1 ). 

It is not desirable to occupy th(' limited spa(;e of this 
article by a full description of the limbs and segments of 
Limulus and iScorjiio. The reath*r is referred to the com- 
plete ^ries of figures 
here given, with their 
e\j)lanatorv legends 
(¥igk. 12, i3, M, 15). 
Certain matters, how- 
ever, require com- 
ment and <'\[>Lination 
to render the com- 
parison intelligible.* 
tergites, or chiti- 
iiized dorsal lialves 

of the body rings, 
are fused to form a 
“ prosomatic cara- 
]>ace,” or carapace of 

Fni. 4 ’ V’eiitral BiiiracR of the sani<* ftiilo- fbc prOSOma, ill both 
st4*niuiii as tlmt Uraxii In Fig. 3. Li‘ttors ns LimulllS and ScOFuio 
111 Fig. 3 witli tlio atidition of NC, neural . 

1 ‘unal or loniin«*n. (After liRiikestnr, loc. ett > ( SC'C r IgS. 7 and o). 

This region corre- 
sponds in both cases to six somites, iis iudicattul by the 

pre.sence of six ))airs of limbs. On the surface of the 

oara}mce there are in both animals a jiair of central eyes 
with simjde lens and a pair of lateral eye-tracts, which in 
Limulus consist of closely-aggregated simple eyes, form- 
ing a “ comjMmnil ” eye, whilst in Scorpio they present 



^ The (liHcnRslon of the Hcgtiioutation or metamerism of the 
Arachnida in this article should he read after a perusal of the article 
Arthropoda by the same author. 
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several separate small eyes. The microscopic structure 
of the central and the lateral eyes has been shown by 
Lankester and Bourne (5) to dilier ; but the lateiul eyes 





Fxo. 5.-Bnt(Mitornum of one of th« 
inyRal»mon)houM spiders ; dorsal 
fbcA. Ph.N.. uliarynizeal notch. 

) tendons 


rh.N., pliarynseal notch. 

I i>airH of roddlke tendons 
corre8)K}na to the two similar )>airs 


mce. 
Tlie three 


in Li'mulus, and the ]»osterior 
median protvss with its repetition 
of triangular seginentH closely 
resembles the same process In 
Limulus. Maguined five times 
linear. (From Lankeater, loc. cii.) 


Fio. 6.— Ventral siirfhce of the same 
eiitostenitim as that drawn tn 
Fig. 5. Ph.N,, uliaryngeal notoli 
Benliid It on the body of the 
eiitostemum is seen the neitriU 
fossa, as in Fig. 2. (After l^iii- 
kester, ci(.) 


of Scorpio were shown by them to be similar in structure 
to the lateral eyes of Limulua and the central eyes of 
Scorpio to be identical in stmetun* with the central eyes 
of Limulus (see below). 



Following the prosonia is a region (‘onsisting of .six 
segments (Figs. 14 and 15), each carrying a paii of plate- 
like ap|)endages in both Limulus and 
Scorpio. This region is called the ‘ 
mesosoma. The tergites of tliis 
region and those of the following ^ 
region, the inetasoma, ai’e fused to 
form a second or posteiior (^rai)ac(‘ 
in Limulus, whilst remaining free in 
Scorpio. The first pjtir of foliaceous 
a}>i)eudage8 in each animal is the 
genital ojiercuhnn ; beneath it aio 
found tht* o|KmingH of the genital 
ducts. The second pair of ineso- 
Koiiiatic apiHindages in Scorjiio are 
known as the ** i^ctens.'^ flach con- 
sists of an axis, bt»aring uuniernus \ 
blunt tooth like ])rores.scs arranged 
m a series. This is represented in 
Limulus by the first gill -bearing 
api^endage. I'he leaves (some 1.50 
in iiuml>er) of the gill -book (see 
figure) eorresiMmd to the tot.th-like 
])roceB8Cs of the ju'ctens of Scorpio. 

The next four pairs of ap]»endages 
(completing the niesosomatic senes 
of six) consist, in both Scor]»io 
and Limulus, of a base cai vying 
each 130 to 150 blood-holding, 
leaf-like plates, lying on one an- 
othei like the least's of a book. 

Their minute structuie is closely 
j similar in the two cases; tlu‘ leat- 
like plates receivi* Idood from the 
If great stciriial sinus, and serve as 

III res]»iratory organs. The diffeienee 

IV lietween the gill-books of liimulus 

V and the lung-books of Seorpio de 

VI |)eiids on the fact tlnit the latter 
am adapted to aerial jespiration, 

. while the former serve lor aquatic 
appendage carry- 
ing the gill -book stands out on 
the .surface of the bcaly in Linmlns, 
and has other portions develop}^ the Mtunmi Muriace. 


XJV 


1 XV 


h'vi 


KVU 


1 will 

' PA 


8.. 


•Diagram of the 
dorsal Hurfure of u 8ror- 
)iioii n)m))aje with 
Fir 7. tern ami 
Homan niimolals uh in 
FIr. 7, erxeeptitR that VI I 
IS hni* cerUiiilN llio 
terRiimof the Inst somiti 
of the lueHosoqipt lh<‘ 
ROiiiUl Moniite— ami is mt 
a Nuivival 111 the embry- 
onic piH’Reiiltal Hoiiiite 
(Fiom UuikestiT, /u* ft/) 


Pio. 7.— Diagram of tho doriul aurflaeo of Limulus pditphemiu. oc, Ijateml compound 
ayes ; oc', central monomenlscotiH eyes , PA, post-anal spine ; I to VI, the six 
appendage-bearing somites of the prosoma; VII, usually considered to be the 
te^um of the genital somite, but sugKestetl by Mr. Pocock to bo that of the 
otherwise suppressed pnegenltal somite ; VIII to XIII, the six somibJS of Uu* 
mesosoma, each with a movable pleural spine and a imlr of dorsal entopophysis 
or muscle^ttochiug ingrowths ; XIV to XVIII, the confluent or unexpresswi six 
immites of the metasoma. (From Lankester, Q J, After. Sot vol. xxi. 1881.) 
^cording to the system of numbering explain^ In the text, if VII is tlie lei^um 
of the prsigenital somite (as is proliable) It should 1^ labeiletl Prg without any 
number, and the somites VlII to XTII should be lettered 1 to 6, indicating that 
they are tiie six normal somites of the mesftsoma ; whilst XV to X VllI shonhl bn 
replmied by the numbers 7 to IS— sn additional suppressed segment (making up 
the typical six) being reckoned to the metasomatic fusion. 



301 

XIll - • 

XJVtoXVlll 


Pin g — Vnntral view of tho posterior raraimoe or meso-mpta-somatic 
(opisthusomatii*) fusion o< Limuliui jjotiiphemu’i The soR ii^gument 
and limbs of the mesosoma liave been remoM'd as well as all the vlscero 
und muscles, so that tlie inner siirfac-oof the tnrgaof these somites with 
Iheir entoponhj-sos are seen The unsegmented dense chitinous sternal 
plate of tho metasoma (XIII to XV II I) is not lomovod. Letters “ " 
Fig. 7. (After Lankester, lot, ni ) 

S. I. — 66 


in 
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b.^Hiilus the gill -book and its bcisf3 ; it ia fuaed with its 
follow of the opposite side. On the other hand, in Scorpio, 
the gilbbook-l^ring appendage has sunk bjlow the sur- 
face forming a recess or chamber for itself, which com- 
municates with the 
exterior by an oval 
or circular “stigma ’’ 
(Fig. 10, «<//). That 
this in-sinking has 
taken jihu'c, and 
that the lung-books 
or in -sunken gill- 
books of Scorpio 
really rejjresorit ap- 
jieiidages (that is to 
say, limVis or ])ara- 
podia) iH proved by 
their developmental 
history (see Figs. 1 7 
aud 18). They 
ainiear at first as 
outstanding pro- 
eess(‘s on the sur- 
fare of the body. 
The exact mode 
in which tlie in- 
sinking of sii]ier- 
ficial outstanding 
limbs, carrying gill 
iaiiKillie, has histori- 
cally taken place 
has Ihh^ti a matter 
of much specula- 
tion It was to bo 
1 io]hmI that the 

iiiohOHOMia with the kmiiIUI oiiorculuiii (a fawMl specimiMl of the 
pill of ItnibH); Vlllp, Uin Honiito , jj'i 

Ut xn««(j/, Uuj lour puiiiuniaiy Hoiiuti's , c»iluriaii scorpion 
nuf, thy pHiitiinoiiul iriotasLiTiilto of Urn piuHoina ( J>aIa*Olilinnils)from 
bi'hniil all thw fn-Ku* , i, thii Ht»‘rnum ol the ' , * , ' 

jHU'tliilhMiMm Hoiiiitf, y, Ihn broad IliHt noinitr nCOtlaiia, showing 

of the mcHosoma (f’lg. HI), would throw light on this 
matter; but the specmicn recently carefully studied by 
the writer and Mr Focfiek reveals neither gill-bearing 
limbs nor stigmata. The probability appears to l>e 
against an actual introversion of the appendage and its 
larnellie, as was at one time suggested by Lankester. It 
is proliable that 
such an in-sinking 
as IS shown in the 
accompanying dia- 
gram has taken 
])Iace (Fig. 15); 
but we are yet in 
need of evidence 
as to the exa(;t 
^•4uivalenct3 of 
margins, axis, 
obtaining between 

the lung-hook of Fiq ll.— Thml ]eg nf Jnnului j/oh/jiJfrmujf.tihowwK 
uiid iJii* the dlvlaioiM)! thi* lointh RPHiiirnt of Mu* h»« by a 
Ol tiuu HU- proovo 8 into two, thus giviiij; isoveu 8t»;;iiu*ii1s to 

gill-hook of Limu- thp Ipk as in Scorpion. (From a ilmwinp by Mr 

I iis. Zoolog ists are * ‘ ^ 

familiar with many instances (fishes, crustaceans) iii which 
the protect! VI' walls of a water -breathing organ or gill- 
/il)paratus become converb'd into an air-breathing organ or 
lung, but there is no other case known of the conversion 
of gill processes themselves into air-breathing ]>lates. 

The identilieation of the lung-books of Reoqiio with the 
gill-books of Limulus is practically settled by the existence 
of the iK'ctens in Scorpio (Fig. 14, VIII.) on the second 


Fia. 10 Vnutral vi AW of a Scorpion, f‘(tiniuinniH 
Dutiis, Do (leor, to hIiow Uia ntiaripAiiiout of tlin 
(*ci\i(' of thi* litiihu, the Htoriiai elAiiiAiits, Konitul 
pltttf* and poclinm. M, uioutli bAhitnl tin o\al 
iinMiuin ramuroMtoiin* , I, Mm chAlicrnn , If, tlin 
utiphi , 111 to Vl, tin* lour pairn of vulkiiiif 
Vll{/o, tho KPuitai Hoiriitn oi flrnt noiiiiIp of tint 



mesosomatic somite. There is no doubt that these are 
imraiiodial or limb appendages, carrying numerous im- 
bricated secondary processes, and therefore comparable in 
essential structure to the leaf-bearing plates of the second 
mesosomatic somite of Limulus. They have remained un- 
enclosed and projecting on the surface of the body, as once 
were the apjiendages of the four following somites. But 



Fio. 13 —Tlie piosoinatic appendages otJAmulus polyjilu mus (i ight)antl Scorpio 
(lofi), Palnintuthu indua romiuiTHd The cttriospoiuling appriidagbi. uru 
iimrkod with the sninn Iloniaii iiinneial The Arabic uuiiipra^ indicate tho 
bepniuntH ot the logs, coc, coxa oi luisal segment ol the leg , stc, tho 
Htcriio-cuxal process or Jaw-like up-prowtii of the coxa , epc, the articulated 
movable outgrowth of fhe coxa, railed the epi-coxlto (present only In 111 
ot the Scorpion ami 111, IV, and V of Liiiiiiius) ; co-t, tiie exoixidite of the 
sixth limb of Limulus ; a, b, c, d, movable processes on the same leg (see 
foi some suggestions on the morphology oi this leg, Pocuck in Quart. Jmirn. 
Mu't. Sfi. March IPOl ; see also Fig. 60 below and explauatioii ) (From 
Laiikestei, Ivc. cit ) 

they have lost their respiratory function. In non-aquatic 
life such an unprotected organ cannot subserve respiration. 
The “pectens” have become more firmly chitiuized and 
probably somewhat altered in shape as compared with their 
condition in the aquatic ancestral scorpions. Their pre- 
sent function in scorpions is not ascertained. They arc 
not Biiecially sensitive under ordinary conditions, and may 
lx? touched or even pinched without causing any discom- 
fort to the scorpion. It is probable that they acquire special 





arachnida 


523 


gensilrility at the breeding season and serve aa “guides” 
in copulation. The shape of the legs and the absence 
of paired terminal claws in the Silurian Paleeophonus 
(see Figa 48 and 49) as compared with living scorjrions 


It 

a 



soft tisBUOfl of the atornal region so that the lamellae cannot 
be detached and presented as stonding out. from it. The 
apparent axis or basal support of the scorpions luug-books 
shown in the figures, is a false or secondary axis and moiely 
a iMirt of the infolded surface which forms the air-chamljer. 
The maceration of the soft parts of a scorpion preserved 
in weak spirit and the cleaning of the chitinized ingrown 
cuticle give rise to the false apiiearanco of a limb axis 


Fia. 18 .—I)iagnnii 8 of tho metA-stf*rnito Atith genital oper- 
cnlutn op, and the tlrat. lainelJigerouM pair of up|H>ii(lugeH 
with uniting sternal eleimiiit^f of Scorpio (loft) and Litiiulun 
(right ) (From Lankester, loc. nt.) 

(see Fig. 10) show that the early scorpions 
wc V aquatic, and we may ho})e some day 
in b^'tter-proserved sjiecimens than the two 
as yet discovered, to lind the respiratory XII f 
org.ins of those creiitures in the condition / /f 
of projecting apiKmdages serving acjuatic 
resiiiration somewhat as in Liiiiulus, though 
not ni‘ces8arily repeating the exact form of 

Kvruwl tilui-Au rkf 1 ^*0 15 —The remaining tlifpo paifH of nH'Hosmnat l( npi*! nd igos of Neorpioand Tdiimlns nelterRaa 

int UlOad piatCS All iJimuius. ^ mFig 14 1130 indieates that UiorH an* no LimhHi ji iIh* Seoipion’w lung lu ink, win Iht 

It is important to note that the series mdicatcH that 150 Mimlar lainellin am (uiiiltdl in t)iL* gill ol JdinuIuK (Aliir J^unkuHtei, Un 

of lamellae of the lung-book and the gill- 


rit ) 


book correspond ejrcu't!// in structure, the narrow, flat, lilood- 
spaco in the lamellai being iiiterrujited by pillar-like junc- 
tions of the two surfaces in both cases (see Ijankester (4)), 
and the free surfaces of the adjacent lamella? being covered 
with a very delicate chi ti nous cuticle which is drawn out 
into delicate Jiairs and processes. The elongated axis which 
vi» vn ^ 



tho ttunitul operculum ;^V11I, the pectmis of Bt-orpio and the llrat branchial plate of Lhnulns ; IX, 
Uio urst pair of lung-booke of Scorpio and the HeC'imJ branchial jilatc of Limulue , 


I; pair of lung*book8 of Scorpio and the Hecood branchial plate of Limulue , f/p, ;,cniul iiok , 
opmtiginatic aclorite ; Hq, etigma or orilice of the lujllow tuiidumt of tho branchial jilaicM ol 
Limuliia. (After Lankester, loc. cU.) 

ojiens at the stigma in Scoqiio and w'hich can lie cleared 
of soft, surrounding tissues and coagulated blood so as to 
present tho apfiearance of a limb axis carrying the liook- 
liko leaves of the lung is not really, as it would seem to 
be at first sight, the limb axis. That i> necessarily a 
blood-holding structure and is obliterated ami fused with 


carrying the lamell.e. Tlie nuugins of tlu^ lauiellu* of the 
scorplon^s lung book W'liicli arc lowermost in tJie figures 
(Fig. 15) and appear to be fnv a 1*0 rcallv those wbicli arc 
attached to the blood-liolding axis. The true free end^ 
are those nearest th(‘ stigma 

Passing on now fiom tlic incsOM>iii.i we conie in Scor]»io 
to tho nK'tasoiiia of mx scgini'iits, the lust 
of w'liicli is broad whil.^t tlic rest arc cyliii 
drical. The last is ])cifoiatcd by tlic anus 
and carries Ua‘ ]>ost anal s]»inc or sting. 
The soiiut(*s of the mctasoimi carry no 
l)ara[)odia. In liinmlus the metasoina is 
practically suppicswd. In the allied ex- 
tinct Euryjiti lines it is well developed, 
and resembles tliat oi Scorpio. In th(‘ 
embryo Liiiiulns (J'ig IL*) tlie six somites 
of the incsoMinia an* not fused to form a 
carajiacc at riii eaily stage, and they are 
folbnvcd by three separately marked meta- 
soinatie sonnies; tlu* other three somites 
of the metasoina have disapiicarcd in 
Liniulns, but are repreMUited by the un- 
segmented pne anal region. It is ])robab!e 
that we lia\e in the metasoma of Liniulus 
a ease of the disip]iearance of once clearly 
deiniireateil somites, ft would be ]»ossible 
to suppo '*, on the other hand, that new 
somites aie only begiiimiig to make their 
ajipearance heie. The balance of various 
con''iuleralions i.s against tlie latter hypo- 
llii si-^. J^'ollowing the metasonia in Liinu- 
luR, wo have as in Seoipio tlie ]M)sl-anal spine — in this 
case not a sting, but a ]»f)wcrlul and important organ ol 
locomotion, serving to turn the animal over when it has 
fallen upon its back. Tho iiatun* of the post-anal spine 
has lieen strangely misinterpreted by some wTiters. Owen 
(7) maintained that it represented a number of coalesced 
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somites, regardless of its }>ost-aua] position and mode of 
development! The agreement of the grouping of the 
somites, of the fonii of the parapodia (appendages, limbs) 

in each region, of 
the position of the 
genital aperture 
and operculum, of 
the position and 
character of the 
eyes, and of the 
powerful post-aual 
spines not seen in 
other Arthropods, 
is very convincing 
as to the affinity 
of Liniulus and 
Scorpio. Perhaps 
the most important 
general agi cement 
of Scorpio com- 
j)ared with Limu- 
lus and the Kury- 
pterines is the 

division of the 

body into the three 

Fio. lil.-oDfugruiii to show tho way in which an tag- 

outgrowing giiuproccMH bearing bioo<Mioiding mata) - prosoma, 
lamelltp, may give rlae, if tho atornal body wall 

aitika iiiwurdK, t<j a Iting-ciiambcr with air«hul<l- mososoina, and. 
lug lainellu. I ih the embryonic condition ; ?«. metasoma — each 
blood hiiium; L Ih the ooudition of out«growth ... r > 

with r;/, gill lamellie; A is tho condition of it^ consisting Oi SIX 
Hill king of the Hieriial Aurface and conHOiiucnt 

encluMuro of the luinelligerouH surface of tho me pi i- 

ttptMuidago in a cliambor with narrow oiitlcu— the soma having Icg- 

IMiiiiioiiaiy air-liuMing chamlter ; nulmonury i • i 

lamella* ; iw, blood HinuH. (Af^r Kings ley.) JlKO aj)J)ClulagP8, 

tho mesosoma 

having foliaceous a])i>cndagcs, and tho metasoma b;;*ing 
destitute of ajipendagcs. 

In 1893, sons* years after the identification of tho somites 
of Limulus with those of 
Si’oqiio, thus indicated, 
had been published, zoolo- 
gists won* startled by the 
tliscovory by a «1ajia.uese 
zoologist, Mr Kishinouyo 
(8) of a st'veiitb jiroso- 
iiiatic somite in the em- 
bryo of Limulus Joiigi- 
spiiia. This was 8e(*n in prOaijii * 

longitudinal sections, as afqin * 

shown ill Fig. 19. The nbjfi • 

Hinijile idtmtification of . 

somite with soniitt* in 
Tjiniulus and Scorpio 
seemed to be threatened 

bv this diso(iVi*rv Tint in 1 «.— -Embryo of Scorpion, ventral 

oy inis aiscovery. i>ut in showing Hoimtoa imd appemlogeH. 

I89(» J-)r August Brauor frontal gnwe; «<, nKUinnnt ol 

c.f M.«-l,urg (9) diHcovercHl 

Ill the embryo of Scorilio a ra'ltmenUifthnnppeiKlwortl.eiirKigaiil. 

*' * . tal Horn! t(* which dituippoara ; rudi- 

seventh prosomatic somite ment or the right hulf of the genital 

operculum , ahfii, rudiment of the right 

neoten . ahjA to attiH, rudiments of the 
lour npiiendagHH which carry the pulrooii* 
niy lainelhi* ; ] to VJ, rudlmcnU of the 
MIX liiiibM of the pnwoma ; VllPrO, the 
evanescent pnegenital Humito; Vlll,the 
lliwt niesoHniiiatlc aomitu or genital 
Homite ; IX, the aecutid mesoaomatic 
somite or jioctiniforouH somite; X to 

XI II, the four pultnonlferous eoniites; 

X I V, the first metaaomatic somite. (After 
Draiier, Zeitsoh. icis* Zoot vol. lix. 1805.) 



(sie V11.1>G, FigH. 17 

and 18), or, if we ]>lease so 
to term it, a pr(V<jenital 
somite, liithcrto unrecog- 
nized. In the ciise of 
Scorjiio this segment is 
indicated in the embryo by 
the presence of a |iair of 
rudimentary appendages, carried by a well-marked somite. 
As in Limulus, so in Scorpio, this unexpected somite and 
its appendages disappear in tho course of development. 
In fact, more or less complete “excalation” of the somite 



Honiito,VIlPrG,l8Btil1 . 
but lias lost Its rudimentary 
aptieiutagea ; oo, the genital 
opoi'cnlum, left half; Km, the 
loft pecten ; altp^ tf> a5p7, the 
rudimentary appendagcH of the 
lung'SacM (After Brauer. /or. 
cit.) 


takes place. Owing to its position it is convenient to term 
the somite which is excalated in Limulus and Scorpio 
the praegenital somite.” It appears not improbable t^t 
the sternal plates wedged in between the last pair of legs 
in both Scorpio and Limulus, viz., the pentagonal sternite 
of Scorpio (Fig. 10) and the chilaria of Limulus (see Figs. 
13 and 20), may in part represent in the adult the stornuiii 
of the excalat^ prcegenital somite. This has not been 
demonstrated by an actual following out of the develop- 
ment, but the position of these pieces and tho fact that 
they are (in Limulus) supplied 
by an independent s<^meutal 
nerve, favours the view that 
they may comprise the sternal 
area of the vanished praegenital 
somite. This interpretation, 
however, of the “ metasternites ” 
of Limulus and Scorpio is op- 
]X)8ed by the coexistence in 
Thelyphonus (Figs. 55, 57, and 
58) of a similar metastemite 
with a complete prmgenital is.— Portion of a similar 

somite. Hansen (10) has re- 

cognized that the “ Jirmgenital Honilto, VIlPrQ.laatlll preaont, 
somite” jiersists in a rudiment- 
ary condition, forming a “waist” 
to the series of somites in the 
Pedi|mlpi and Aranem. The 
])reseDt writer is of opinion that 
it will be found most convenient to treat this evanescent 
somite as something special, and not to attempt to reckon 
it to either tho prosoma or the mesosoma. Them', will then 
nmiain as tyjiically composed each of six appendage-bearing 
somites — the prosoma comprising in addition tho ocular 
])ro8thomere.^ When the prcVgonital somite or traces of it 
are present it should not be called “ tlie seventh prosomatic ” 
or the “first mcsosomatic,” but simply tho “prsegenital 
somite.” The first segment of the mesosoma of Scorpio 
and Limulus thus remains the first segment, and can be 

identified as such thiough- 
out the Eu - arachnida, 
carrying as it always does 
the genital aixirtures. But 
it is necessary to rc'iiiein- 
ber, in tlio light of recent 
discoveries, that the sixth 
jirosomatic pair of a]»ixJii(l- 
ages is carried on the 

seventh somite of the 

Pio. 10.— Section through an early em- wholo SOrics, there being 
bryo of Limulus longupim, showing ^ urnfitbnTTiftrPR nr 

aevon trana verse diviaiiiim in the reguui JirOStHOmoreS OF 

of the iinaegmented anterior carapace, somites in front of the 
The seventh, Vll, is anterior to the a.r >• . 

geiiitai operculum, op, and is the cavity inouth, the first carrying 
or tliBiwWBonlUl Humito which i« more tjje eypp tbo SeCOud the 
or less completely suppressed in sub- i i 

aeqiipntdovelopinnnt, tjosslblyindicMiiurl cheliceruc j also that the 

by the area marked Vll. In Fig. 7 and x ,v,pan«nTruLtio nr ironi- 

by the great entopophyaos of the proso- inesosomawC or gcni 

inatic carapace. (After Kishinouye, tal SOinite is nOt the 
Joum. Sci. Coll. Japan, vol. v. 1‘<U2.) j.i. • i ai 

seventh or even the eighth 
of the whole sorites of somites which have been histori- 
cally xiresent, but is the ninth, owing to the iire- 
sence or to the excalation of a x^r^genital somite. It 
seems that confusion and trouble will be best avoided 
by abstaining from the 'introduction of the non-evident 
somites, the ocular and the prcegenital, into the numerical 
noiheuclature of the component somites of tho three great 
body regions. We shall, therefore, ignoring the ocular 
somite; speak of tho first, second, third, fourth, fifth, and 



^ Soe the article Arthropoda for the use of the term **prostho- 
luere.” 
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sixth leg*beariQg somites of the prosoma and indicate the 
append^s by the Roman numerals, I., 11., IIL, IV., V., 
VI., and whilst ignoring the prsegenital fsimite wo shall 
speak of the first, second, third, &c. somite of the meso- 
soma or opisthosoma (united mesosoma and metasoma) 
and indicate them by the Arabic numerals. 

There are a number of other important points of 
structure besides those referring 
to the somites and appendages 
in which Limulus agrees with 
Scorpio or other Araehnida and 
differs from other Arthropoda. 
earn The chief of these are as 
— M follows : — 

1. Composition of the 

Head (that is to say, of the 
anterior part of the prosoma) 
ivitk especial Reference to the 
^meta j^egion in Front of tlue Month . — 
It appears (see Arthropoda) 
PIO. 20. -view of the ventrmi that there is embryologioal evi- 

■urfaoe of the miiMine of the jence of the existence of two 
proeotrmtlc roxion of LivMUua . i i i 

^yphemm. The coxgb of the somites in Arachnida which were 

wiJJ.'lrSJSSrt'in originally post-oral, but have 
a eeries on each Hide iietween become pr«-oral by adaptational 
the mouth, M, and the meta- 

Hternitcfl, mrUi. «/. The nub- shifting of tho Oral ai>erture. 
frontal median nci^ite; ch, These forwardly-slipiHjd somites 

the chellcora* ; cam, tho cRinerct- n , « * * » mt. 

etome or opiier lip, M, the are Called prosthoiiicres. The 
first of these has, in Ar^hnids 
plate, unpaired : the light as in other Arthioiiods, its pair 

and left inutaHtornites (corro- • , 4.1,^ 

gponding to the similarly of appendages represented by the 
pentagonal steridte of Scorpio The SCCOud has for its pair 

Natural 81X0. (After Lankestor.) •], _ . 11 • r 

of apjicndages the small pair of 
limbs which in all living Arachnids is either chelat^* 
or retrovert (as in spiders), and is known as tho cheli- 
cerm. It is jmssible, as maintained by somt'. writers 
(Patten and others), that the lobes of tb(i cerebral 
nervous mass in Arachnids indicate a larger num- 
ber of iirosthomeros as having fused in this region, 
but there is no emhrgological evidence at present which 
justifies us in assuming the existence in Arachnids 
of more than two prosthomeres. The position of 
the chelicerse of Limulus and of the ganglionic 
nerve-masses from which they receive their nerve- 
supply, is closely similar to that of the same sti uc- 

ch. 




done as much for Scorpio. Limulus thus agrees with 
Scorpio and differs from tho Crustacea, in which there are 
three prosthomeres — one ocular and two carrying palpiform 
appendages. It is true that in the loAver Crustacea 
(Apus, Ac.) wo have evidence of the gratlual movement 
forward of the nerve -ganglia belonging to these palpiform 
appendages. But although in such lower Crustacea the 
nerve-ganglia of the third prosthomere have not fused 
with the anterior nerve-mass, there is no question as to 
I the prue-oral jiosi- 
, tion of two ap- 
I peudage-bearing 
I somites in addition 
' to the ocular pro- 
! sthoniere. The 
I Crustacea have, 

I in fact, three pro- 
I sthomeros in the 
j head and the 
I Arachnida only 
I two, and Limulus 
, agrees with th(‘ 

I Araehnida in this 
respect and diffl^rs J2. — Suption tliroiif^h tlip lateral ey<* of 
from the Crus- UfUimH. /fnv, Ontirular Ipim; r, 

tac(*a. The central 
nervous systems 
of Limulus and 
of Scor))io present 
closer agreement in stmetun* than can lie found when a 
Crustacean is comjiared with either. The wide divari- 
cation of the lateral cords in tht^ prosoma and their 
connexion by transverse commissures, together with the 
** attraction ” of ganglia to the prosoniatie ganglion 
group which jiroporly belong to binder segments, are 
very nearly identical in the two annuals. Tho form 
and disposition of the ganglion cells are also ptTuliar 
and closely similar in the two. (See Tatten (42) for 
iiiqiortant observations on the neuromercs, Ac., of Limulus 
and Scorpio.) 



retinal cttllH (nprve-i^ml eellK), rlialMloineH ; 

nerrj, nerve HbreB oi the optic nerve ; inter- 
mediate celln Oyii'ig !>• tween the baseN of tho 
retinal coIIhX (Aftor IjankoMter and Bourne from 
Parker and UaHwoUn Ttxt^booL of Ztxdogy, Mac- 
millan and Co.) 



Fio. 21.— Devolopment of the lateral eyes of a Scorpion. A., «)d- 
dermic cell-layer ; me*, meaoblaatic connective tisHne ; n, nervoe , 
V, V, depreHNions of Urn epidermis in each of which a 
will be 


11. ni, IV, , 
cuttcular lens wiJ 
after Laurie.) 


formed. 


i epi 
(Ft 


'rom Korschelt and Heidci 



tures in Scorpio. The cerebral mass is in Limulus 
more e^ly separated by diesection aa a m^ian 

lobe distinct from the laterally-placed ganglia of the tldla~A, B, and C. hpp^ Tho epidemm* cell-layor (ho-o 
obnli<«r&1 unilifa. thar, i. t».« K«t +1... Xo'.'."*'" Wow mch le.in, I, _a...l b.*H«n 


r Limulus. Khowing three oinma- 
i>-cttllL*d liyiMxlcimiH), the ccUh of 

nLAlinaval 4.1.^ which incroase lu voluinc ImjIow cncU 1018 , I, and luWme nerve-eud cells orrctmiila- 

ctteuceral aonute than is the case in Scorpio, but the cell., r< ; in a t.h« i.tteni .* t- » rhai«iom«ro by tii. «ii rt., «i« 

relations are practicallv the same in the two forms. peculiar central spherical ccll, n, note nbre«; wm, nicsf.hlustic skeletal tiNSiie, ch, 
T.^ „ I A* 1 1 .... chitinoiis cuticle. (From KorNChell and Ilelder after Wutaso.) 

J? ormerly it was supposed that in Limulus Ixith the 

2. 27ui Minute Structure of the Central Eyes and of the 
Lateral Eyes . — Limulus agrees with Scorpio not only in 
having a pair of central eyes and also lateral eyes, but in 
the microscopic structure of those organs which differs in 


chelicene and the next following pair of appendages were 
prosthomerous, as in Crustacea, but the dissections of 
Alphonse Milne-Edwards (6) demonstrated the true limita- 
tions of the cerebrum, whilst embryologioal researches have 
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the cjiitral and lateral eyes respectively. The central eyc‘8 
arc “ simple eyes,” that is to sa^, have a single lens, and 
are hence called “ monomeniscous.” The lateral €*yes are 
in Limulus compound eyes,” that is to say, consist of 
many lenses ])1aced close together ; beneath <3ach lens is a 




I’m 24. '<4)iaKniniH of ilin dov Alof unont and adidt airuoturo ol ono of \ ho iMiintd central eyeg of a Scorpion. 
A, onrl> ( oiidillun iMifoit) tho IrriM in ilepOMilcd, aliowiiif;; tlie folding of ilm opidennic cell-layer into tni 


central eye is called an “ ommatoeum.” It shows in Scorpio 
and Limulus a tendency to segregate into minor groups or 
**ommatidia.” It is found tl^t in embryological growth 
the retinal layer of the central eyes forms as a separate 
pouch, which is pushed in laterally beneath the corneagen 
layer from the epidermic cell layer. 
Hence it is in origin double, and con- 
sists of a true retinal layer and a post- 
retinal layer (Fig. 24, B), though these 
are not separatc^d by a membrane. 
Accordingly the diplostichous omma- 
tceum or soft tissue of the Arachnid’s 
central eye should strictly be called 
“ triplostichous,” since the deep layer 
is itself doubled or folded. The retinal 
cells of both the lateral and central 
eyes of Limulus and Scoqno produce 
cuticular structures on their sides ; 
each such piece is a rhabdomere and a 
number (five or ten) uniting form a 
rhabdom (Fig. 26). In the specialized 
ommatidia of the compound eyes of 
Crustacea and Hexapods the rhabdom 
is an important structure.^ It is a 
TPo; very significant fact that the lateral 



Ji, (liHvfi'iitii Mlitiwiiig the imiuto of t.hiM lufulditig; C, section through ilie fully formed eye ; epidermic r>ar|tml nf LiTniiliin iinrl Rpomin 
t-elMuycr ; r, 1 he i etluiil poi tlon of tie* Haine which, owing to the infolding, lice between gl, tho corneagen t-yes Ol J^imulUS ana DCOrpiO 

or iHiiN-loriiiing i>oi<tion, and pr^ the punt lotinal or caiwiilar {Mirtion or fold, 1, cMiticular lens; g, lim> llOt OUly agree Oach With Cach lu rc- 
H 0 |mrutlng lens from tlie loiis-foniiitig Ol eorneugon pmIIk of the epideniUs; n, nerve fibres; rh, rhah- flioir 

dotiieruM (From Koisehelt and HHder ) How the liiveianm of the nerve-end i-el Is and their con- monOBtlcnoUS ana QipiO- 

iKodon with the nene tll*res h to be reconelleil with tho condition found in the adult, or with that of stichoUS Stl*Ucture but alsO in the for- 
the inonoHtlchoitH h.m*, hits not hitherto Ihmmi ovjtlulned 


com I ilex of ]»roto])laMuic cells, in which the optic nerve 
leriuiiuites. Each such unit is termed an “ omniatidium.” 
'rhe lateral eyes of Scjorpio consist of groups of separatt* 
small lenses each with its onimatidium, but they do not 
form a continuous compound eye as iu Limulus. The 
ommatidiuiu (soft structure beneath the lens-unit of a 
compound is very shiijtlc in both Scorpio and 

Limulus. It Cftnsists of a single layci of cells, continuous 
with those which secrete the general chitiuoiis covering of 
the ]»rosf)iiia. The cells of tho omiiiatidium are a good 
deal huger than the iioighlxiuring common cells of the 
epidermis. Tln»y secrete the knob- like lens (Fig. 22). 
lint they also receive the nm’ve fibres of the optic 
nerve. They are at the same tune both ojitic iierve-eud 
cells, that is to say, retina cells and corneagen cc'lls or 
secretors of the chitinous lens-like cornea. In Limulus 
(Fig. 23) each ommatidium has a peculiar ganglion cell 
developed in a central pffsiiion, whilst the onimatidium of 
tho lateral eyelets of Scorpio shows small intermediate cells 
between the largtn- nerve-end cells. I^’lie structure of the 
lateral eye of Limulus was fii-st descril)ed by (Ironacher, and 
further and more accurately by Lankester and Bourne (6) 
and by Watase ; that of Scorpio by Laukestt'r and Bourne, 
who showed that the statements of von Graber were 
erroneous, and that the lateral eyes of Scor]»io have a 
single cell-layered or “ monostichous ” ommatidium like 
that of Limulus. Watase has shown, in a very convincing 
W'ay, how by deepening the ])it-like set of cells Ixineath a 
simple lens the more complex ommatiilia of the compound 
eyes of Crustacea and Hexapoda may be derived from 
such a condition as that presented iu the laUiral eyes of 
Limulus and Scorjno. (For details the reader is referred 
to Watase (11) and to Lankester and Bourne (5).) The 
structure of the central eyes of Scorpio and Spiders and 
also of Limulus differs essentially from that of the lateral 
eyes in having two layers of cells (hence called di)>lo- 
stichous) beneath the lens, separated from one another by a 
membrane (Figs. 24 and 25). The upper layer is the cor- 
neagon and seert^tes the lens, the lower is tho retinal layer. 
The mass of soft cell-structures beneath a largo lens of a 


matibn in both classes of eyes of rhab- 
domeres and rhabdoms in which tho component pieces are 
five or a multiple of five (Fig. 26). Whilst each unit of 


rrf. 



con, tisB, 


Fia. 26.-— Section tlirough one of the oniitral eyca of a young Llniulna, 

uull-layer 


cuticular or corneous lens; Ay, epideriiiic cell-layer; cum., its corneagen 
Iiortion inniiecliately underlying the lotm ; rvl,, rciinula colls ; nf, nerve fibres; 
con. fm., connective tissue (mesoblastic akelctul tissue). (After Ijankester 
and Bourne, Q. J, Mic. Sci. 1888.) 

the lateraj eye of Limulus has a rhabdom of ten ^ pieces 
^ See Fig. 11 ill llie article Arthkufoua. 

^ Though ten i* the prevailing nuiiiher of retiuula cells and rhabdo- 
ineres iu the lateral eye of Limulus, Watase states that they may bt 
os few as nine and os many os eighteen. 
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fonning a star-like chitinous centre in section, each lateral 
eye of Scorpio has several rhabdoms of five or less rhab- 
domeres, indicating that the Limulus lateral eye -unit is 
more specialized than the detached lateral eyelet of Scor- 
pio, so as to present a coincidence of one lens with one 
rhabdom. Numerous rhabdomeres (grou|)ed as rhabdoms 
in Limulus) are found in the retinal layer of the central 
eyes also. 

Whilst Limulus agrees thus closely with Scorpio in 
regard to the eyes, it is to be noted that no Crustacean 
has structures corresponding to the peculiar diplosti(dioiis 
central eyes, though these occur again (with ditforences in 
detail) in Hexapoda. Possibly, however, an investigation 
of the development of the median eyes of some Crustacea 
(Apus, Palaemon) may prove them to be diplostichous in 
origin. 

3. The eo^cdled Coxal Tu 1882 (Proc. Hoi/. 

Soc, No. 221) Lankester described under the name ‘‘coxal 




Fio. 26.'~A, diagram ofa ratinula of the central eve of a Scoiinon (onHiiting 
of five retina-cells with adherent braticheti pigment celln (jnff)y H. 
rhabdom of the same, consisting of live contliieiit rliabiluiiteres , < ), transverse 
section of the rhabdom of a retinula of the Scorpion s central eye, showing 
Its live ooiiHtituent rhabdomeres as rays of a star , I), transverse sectiou o1 a 
retlimla ot the lateral eye of Limulus, showing ten retinula cells, ret , each 
bearing a rhabdomere, rheUf. (Aftior Lankestei ) 


glands ”a pair of brilliantly white ovitonn bodies lying in the 
Scorpion’s prosouia immediately alx>ve the eoxa» of the fifth 
and sixth imirs of legs (Fig. 27). These bodies had lx*en 
erroneously sujiposed by New^port (12) and other obserters 
to Ix' glandular outgrowths of the alimentary canal. They 
are really excretory glands, and communicate w*ith the 
exterior by a very minute a|x*rture on the posterior face 
of the coxa of the fifth limb on each side. When examined 
with the microscope, by means of the usual section method, 
they are seen to consist of a labyrinthine tulie lined with 
peculiar cells, each cell having a deep vertically striated 
border on the surface farthest from the lumen, as is seen 
in the cells of some renal organs. The coils and branches 
of the tube are packed by connective tissue and blood 
spaces. A similar pair of coxal glands, lobatc instead of 
ovoid in shajKs, was described by Lankester in Mygale, and 
it was also showm by him that the structures in Limulus 
called “brick -red glands” by Packard have the same 
structure and position as the coxal glands of Hcorjiio and 
Mygale. In Limulus these organs consist each of four 
horizontal lobes lying on the coxal margin of the second, 
third, fourth, and fifth prosomatic limbs, the four lobes 
being connected to one another by a transverse piece or 
stem (Fig. 28). Microscopically their structure is the 


same in essentials as that of the coxal glands of Scc»r)>io 
(13). Coxal glands have since l>een recognized and de- 
scribed in other Arachnida. It has lati‘ly (1900) In^cn 
shown that the coxal gland of Limulus is piovidcd with a 
very delicate thin -walled coiled duct whieli ojk'iis, eMii 
in the adult condition, by a minute jiore on the eoxii of 
the fifth leg (Pattern and Hazen, 13a). Pr<?viously to this, 
I^nkester’s jmpil Gulland hiwi shown (1885) that in tlie 
embryo the coxal gland is a comtuiratively hiui]»]o tul e, 
which oj)ens to the extenor in tliis |)osilioii and by its 
other extremity into a cceinniic s))aee. Siinihn obwivations 
were imule by Uumu (17) in Lankester’s laln^ratoiy (1890) 
wuth regard to the early condition of the coxal gland ol 
Scorpif), and by Berlkau (41) as to tliat of the spider At_\- 
j»us. H. M. Bernard (13b) showed that the opening reiiiaii s 
in the adult Scor]uon. Jn all the i*nd)iyonie or ]xu*maiient 
o|xining is on the coxa of the fiftli juur of ]>vosonuitie 
limbs. Thus on organ newly disco\eitd in iScorpio was 
found to have its counteipart in Jjiiniilus. 

The name “coxal glaiur’ needs to In* c.iieliill} distin- 
guished from “ciiiral gland,” with which it is apt to bo 
confiiseil. Th(‘ crural glanls, 
whii'li occur in many teiKs- 
trial Arthropods, ,ire e])iiler- 
nul in oiigiii and totally dis- 
tinct from the coxal glands. 

Tht‘ coxal glands of the Arach- 
nida are fetnictures of the 
same nature as tin* gnvn- 
glands of the higln'i* Cius- 
tac*t*a and the so-called “ shell 
glands ” of the Entoinostraea. 

'J’he latbT 0[>en at the base 
of the fifth pair of limbs of 
the ( 'riistacean, just as tlio 
coxal glands ojieii on the 
coxal joint of the fifth pair 
of limbs of the Araehnid. 

Botli belong to the category 
ot ‘‘cfelomodiuts,” naiiielj, 
tubular or funnel -like i>or- 
tions of the cidom 0 ]>ening 
to the exterior hi jiaiis in 
each somite (]K)tentially), ami 
usually iiersisting iu only a 
Itwv somites as either “mo 
cuds” (renal organs) or 
“goiiociels” (genital tubes) 

In IVri]>atus they oceur in e>eij somite ot the Inwly. 
They have till reecntly been very generally identified 
with the iiejdiridia ot C’lia*U)jK»d w’orms, but tlieie is 
good reason for eonsideriiig the true ne]>hridia (typified by 
the iiephrulia of the Ikrthworm) as a distinct class of 
organs (see l^iiikester in Vf»l. ii. cha]». iii. of A Tirnlmc on 
Zoology^ 1900) The genital duets of ArihrojKida are 
like the green glands, shell glamU, and coxal glamls, to Ije 
regarded as cmlomoducts (gonocieks) The coxal glands 
do not establish any special connexion between Limulus 
and Beorpio, since they also oe(*ur in the same somite in 
the iowxT C/rustu<‘ea, but it is to 1 k^ noted that the coxal 
glands of Limulus an* in iiuniib* structure and proliably 
in function more like those of Ariiehiiids than those of 


a®' 


Fi(. ‘J7 sltouint! tin’ iio«l- 

tioii of till' f'oval Sroi- 

piiili, lluthus tnisfintt , Liii , in ivla- 
Hull til tin* (iiitjiiiiii^Mii (('iito- 
hteiuul ttiip), iinil llin piKliii' ni'i'A. 
1 t(i (>, Thn iMhPH ot tlic Hix ]iroMo- 
liiiitir IiiiiImi , A, ]iriiK(iiiiati< ftustiic 
l^Muiiil (Hoiiii'tniH'B raliixt Milivaiy); 
B, ruxal Klainl , (\ <iia]ihifigin of 
Nnwporl - lllirous ttap ot the nnto- 
Himiuin ; J>, in<>Hi)HoiuHlii‘ uuatric 
rsic.i, (so (Mll<*it Iimm), K, ali- 
mentary raii.il (Kroin l.ankeHtnr, 
(,» r Mu Sii \oI xxi\ X S p. 
I I 


Crustacea. 

4. 'f/te Hjitoetemitenand ihfir Mhmtf Strwiture. — Btrau^- 
Durklieim (1) was the first to insist on the affinity 
Iretw’eeii Limulus and tin* Arachnitis, indicated by the 
presence of a free sus} tended eiitosternum or plastron or 
entosternite in both. We have figured hero (Figs. 1 to 6) 
the entosternitos of Limulus, Scorpio, and Mygale. Lan- 
kester some years ago made a special study of the histology 
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(8) of these entosteniiteB for the purpose of comparison, 
and also ascertained the relations of the very numerous 
muscles which are inscrUid into them ( 4 ). The ento- 
stemites are cartilagiuous in texture, but they have neither 
the chemical character nor the microscopic structure of tlie 
hyaline, cartilagt* of Vertebrates. They yield chitin in 
place of chondi’in or gelatin — as does also the cartilage of 
the Cephalopod’s endoskeleton. In microscojiic structure 
they all prestmt the closest agreement with one another. 
We find a firm, homogeneous or sparsely fibrilLited matrix 
in which are embedded nucleated cells (corj»usele8 of jiro- 
to]>lasm) arranged in rows of three, six, or eight, ]>arallel 
with the adjucent lines of fibrillation. 

A miniiUi (^ntosterniie having the abovtMloscrilx^d struc- 
tur«^ is found in the Crnsttusean Apus between the bases 
of the mandibles, and also in the Decapoda iii a similar 
j>osition, but in no Crustacean does it atmiii to any size or 
importance. On the other hand, the eiitosteruitc of the 
Arachnida is a very large and im}>orUint icatun! in the 
structure of the prosoma, and must play an important jiart 
in the economy of these organisms. In Limulns (Figs. 1 
and 2) it lias as many as twenty-five purs of muscles 

attached to it, coming 
t<» it Iroin the bases 
of the surrounding 
Jinibs and from the 
dorsal carapace and 
trom tJie piiaiyiix. It j 
consists ot an oblong I 
plate two inches in 
length and one in 
bri'adth, with a |>air 
of tendinous out- 
growths staiulnig out 
liom it at right angles 
on each side. It 
_ , , , r T , I “ fioats ’’ between the 

Fin 28. — Thu rlKlit coxal k'I-oi*! of 1 imalusf poltf- 
vh’iuwf^ l^tr n'i to «*», IViHtcrlor iHinlcrH of prosoiliatlC lierve 

lllO CllitlllOllS huHOS Ol tlMM'OXiCOf tllO Nm'Oml, on /I fRo 

iliird, foiirlii, mid fifth proMowmtic limbs, b, t-cntrcs anci me 
loiiKitmiinni lois) or stolon of tbn coxal gland , alimentary Canal, in 

r, its four transversH lols's or outgrowths i .. .. .1 

oorrosiiondiiig to th« fow coxa* (hYoiii liUii- OacH SOlIlltC Ol tUe 
koatcr, loo. at., aftm* Ihu kaid ) nieSOSOllia is a Slliall, 

free entost<»rnite having a similar position, but below or 
vtMitrad of the nerve cords, a.nd having a smaller imiiilHir 
of muscles attached to it. The entixsternitc was proliably 
in origin part of the fibrous (*onnectivo tissue lying close to 
the integument of the sternal surface — giving attachment 
to muscles I'orresponding more or less to those at jiresent 
attached to it. It b(‘came isolate»d and detached, A^hy or 
with what advjintfige to thi^ organism it is difficult to say, 
and at that jicnod of Arachnidan development the great 
ventral nerve cords occupied a more lateral position than 
they do at p^(^sent. We know that such a Jateiul {lOHition 
of the nerve eoids preceded the median position in botli 
Artliropida and dueto]»o<la. Siibse<iuently to the floating 
off of the cntosteriiiti* tlie appi oximation of the nerve cords 
took place in tlie jirosoma, and thus they were* able to take 
up a position bt*low tJu* euto.sternite. In the mesosoiiia 
the a}»proxiination had occurred before the entostermtes 
were formed. 

In the Scorjiion (Figs. .*1 and 4) the entosternitc^ has 
tough membrane -like outgroA\'thH which connect it with 
the iKKly-viall, l>oth dorsal ly and ventral ly forming an 
oblique diaphragm, cutting otf the cavity of the prosoma 
from that of the inesosoma. It was descrilK^d by Newfiort 
as “the diaphragm.’’ Only the central and horizontal 
liarts of this structure correH])ond precisely to the ento- 
sternito of Liiniilus : the right and left anterior processes 
(marked ap in Figs. 3 and 4, and JIAV, LAP, in Figs. 1 
and 2) corresiKind in the two animals, and the median 


lateral process Ifttp of the Scorpion represents the tendinous 
outgrowths ALE, PLR of Limulus. The Scorpion’s ento- 
stemite gives rise to outgrowths, besides the great posterior 
flaps, pf, which form the diaphra^, unrepresented in 
Liinulus. These are a ventral arch forming a neural canal 
through which the great nerve cords pass (Figs. 3 and 4, 
snp\ and further a dorsal gastric canal and arterial canal 
which transmit the alimentary tract and the dorsal artery 
lespcctively (Figs. 3 and 4, GC, DR). 

In Limulus small entosternites are found in each somite 
of tlm ajipendage-bearing mesosoma, and we find in Scorpio, 
in the only somite of the mesosoma which has a well- 
developed \mT of appendages, that of the pectens, a small 
eiitosternite with ten pairs of muscles inserted into it. 
The supra -j^ectinal entosternite lies ventrad of the nerve 
cords. 

In Mygale (Figs. 5 and 6) the form of the entosternite 
is more like that of Limulus than is that of Scorpio. The 
anterior notch Ph.N. is similar to that in Limulus, and 
the three pairs of ujistanding tendons on the dorsal sur- 
face correspond to the two similar pairs in Limulus, 
whilst the imbricate triangular pieces of the posterior 
median region resemble the similarly-placed structures of 
Limulus in a striking manner. 

It must be confessed that wci are singularly ignorant 
as to the functional significance of these remarkable 
organs — the entosternites. Their movement in an upward 
or downward direction in Limulus and Mygale must exert 
a pumping action on the blood contained in the dorsal 
arteries and the ventral veins respectively. In 8coiq>io 
the completion of the horizontal plate by oblique flaps, so 
as to form an actual diaphragm shutting off the cavity of 
the prosoma from the rest ot 
the body, possibly gives to 
the organs contained in the i, 
anterior chamber a ]>hysio- 
logiciil advantage in resjx'ct 
of the supply of arterial blood 
and its separation from the 
venous blood of the meso- 
soma. Possibly the move- 
ment of the diaphragm may 
di»termine the passage ot air 
into or out of the lung-sacs. 

Muscular fibres connected 
with the suctorial pharynx 
arc in Limulus inserted into 
the entosternite, and the 
activity of the two organs 
may be correlated. 

«5. T/ie Bloml and the. 

BloodrvaAcvlav Syatem. — The 
blood fluids of Limulus and 
Scorpio very similar. 

Not only are the blood cor- 
puscles of Limulus more like 
in form and granulation to 
thtisi* of Scorpio than to those 
of any Crustacean, but the 
fluid is in both animals 
strongly imjin'gnated with 
the blue-coloured ri'spiratory 
jiroteid Hannocyaiiin. This 
bfxiy occurs also in the blood of Crustacea and of Mol- 
luscs, but its abundance in both Limulus and Scorpio is 
very marked, ami gives to the freshly-shed blood a strong 
indigo-blue Jbint. 

The great dorsal contractile vessel or “heart” of 
Limulus is closely similar to that of Scorpio ; its ostia or 
incurrent orifices are placed in the same somites as those 



Diagram of the artoritl 
ayatem of A, Scorpio, aud D, 
Limulus. The Roman numerala 
indicate tlio body somites and the 
two figures are adjusted for com- 
pariHon ce, Cerebral arteries ; sp, 
siipra-spinal or medullary artery; 
i', caudal artery ; t, lateral anasto- 
motic artery of Limulus. The figure 
B also shows the peculiar neural 
investiture formed by the cerebral 
arteries in LimuluN and the deriva- 
tion front this of Die arteries to the 
limbs, 111, IV, VI, whereas in 
Scorpio the latter have a separate 
origin from the anterior aorta. 
(From Lankester, “Limulim an 
Arachnid.") 
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of Scorpio, but there is one additional posterior pair. 
The origin of the paired arteries from the Wrt differs in 
Limulus from the arrangement obtaining in Scorpio, in 
that a pair of lateral commissural arteries exist in Limulus 
(as described by Alphonse Milne > Edwards (6)) leading 
to a suppression of the more primitive direct connexion 

of the four pairs of pos- 
terior lateral arteries, and 
of the great median 2 K)s- 
terior arteries with the 
heart itself (Fig. 29). The 
arterial system is very 
completely develo^ied in 
both Limulus and ^orpio, 
branching re^^eatedly until 
minute arterioles are 
formed, not to he dis- 
tinguished from true cap- 
illaries ; these open into 
irregular swollen vessels 
which are the veins or 
venous sinuses. A very 
remarkable feature in 
Limulus, first described by 
Owen, is the close ucconi- 
])aiiiTnent of the pro- 

Pio. 80.— View from below of a Scorpion somatic norve centres and 

(J5. t)cntanv») opened and diaaected ao hv nrtpripM an plnne 

aa to ahow the pericardium with Ita artent.s, SO ClOSe 

mnaclea, the lateral arteriea, and the indeed that the great 

ganglion nmas and itsout- 
A running nerves are actually 





or invested by 
The connexion 
intimate 


so 


in 


Oabelled dv in Fig. SI) of the aecond . 
ipectmiferoua) ninaoaoinatic aomite : thin sunk J U 
la the moat anterior pair of the aeriea ortorioe 
of six, none are preaont in the genital 
aomite ; teigo^atemal muacle of is not 
the fifth ineaoaomatic aomite; tgynfi, 
tergo-atemal muacle of the enlar^ tirat C^orpJO, DUt IS nevertut- 

pericardium ; less a Very close one, <;loser 
VPHi to VPM 7 , the aeriea of seven paira , ij j • ’ a.i- 

of vono'iwricardiac muacloa <lal>ellM pt* tlian WO nnd, in any OtuCr 
in Fig. 81 ). There is aorae reaaon t<i in whipli thp 

admit the exiatence of another more Arinrojpoas in wnion tne 

anterior pair of theae muaclea in Hcor* arterial system IS Well de- 

jjio ; thla would make the number ^ 

exactly correapon<l with the number Velojicd, c.f/., the Myiia- 

Jn Limulu*. ^AfU;r I^ukMter, rrmu. }K)dtt and aome of the 
Zool. Hoc. vol xi. 1888 .) ' . 

arthrostracous Crustacea. 


the heart. The blood is brought to the respiiutory organs 
in both cases by a g^t venous- collecting sinus having 
a ventral median position. In both animals the wall of 
the pericardial sinue i» con/nected hy i>erficnl nmecvlar 
hands to the waJl of the veMtml venmis sinus (its lateml 
expansions around the lung-books in Scorpio) in each 
somite through which the jnsricardium passt^s. There are 
seven pairs of these veno-perwardUic vcrtlmL wusrlea in 
Scorpio, and eight in Limulus (see Figs. 30, 31, 32). 
It is obvious that the contraction of these niusch^s must 
cause a depression of the floor of the pcric 4 irdiuin and a 
rising of tie roof of the ventral blood sinus, and a con- 
sequent increase of volume and flow of blood to each. 
Whether the iiericardium and the ventral sinus are made 
to expand simultaneously or all the movement is made by 


mti py> 



Pin. 31.— Diagram of a laUra) view of a longitudinal aertion of a Scoriwon 
d, choheeTa ; eliela ; cion, camcroKtomc , m, nioutli , #'/d, «*ntnMt.cniutri . 
p, pecten , Hrnt pulinoimry apuriurn , Kfijr*, fourth tniliiunmt v apertun^ , 
ditnit niuaclc from carapace to a tmi oral l•llto•lf‘)l>rlte , ml, muRrlo from rara 
))ace to nntOBtermim; md, uuihcic frrtm torgite of genital aoniito to etito- 
Ktemuin (Banic aa dpm in Fig. 80) . drl U) dorao>\etitral inuacles (aaniH 
aa tho Neriea labelled in Pig 30), r>ri jo", the \ Hiio-periMirdtae 

muaclea of the right aide (labdled VrM i 
Zfn4. -Sor. vol. XI. IS88.) 


m Fig 30). (Alt'*! Ueelt, Tirtug 


one only of the surfaces (‘ori(‘erne<l, uiust dciicud on con- 
ditions of tension. In any cHHt» it is clear that we have 
in those muscles an apiiaratus for causing the blood to 
flow differentially in increased volume into cither the peri- 
cardium, through the veins leading from the r(*spiratory 
organs, or from the body generally into the great sinusc»a 
which bring the blood to the respiratory organs. These 
muscles act so as to punif) the blood through the respira- 
tory organs. 

It is not surprising that with so highly develojied an 
arterial system Limulus and St*oqdo shouhl have a highly 
develojied mechanism for determining tlie flow of blocxi to 
the resjiiratory organs. That this is, so to sjw*ak, a net»d 
of animals with localized respiratory organs is wH*n by the 
existfmee of jfrovisions serving a similar jfurjiose in other 
animals, c.#/., tho branchial hearts of the CephalojKida. 

The veno-jxiricardiac muscles of Scorjiio were .seen and 


It seems that there is a primitive tendency in the Arthio- 
poda for the arteries to accompany the nerve cords, and a 
“ supra-spinal ” artery — that is to say, an artery in close 
relation to the ventral nerve coitls — has liecn described 
in several cases. On the other hand, in nuiny Arthrojiods, 
esjKJcially those which jiossess trachea), the arteries 
do not have a long course, but soon ojhju into wide 
blood sinuses. Scorpio certainly comes nearer to 
Limulus in the high develojinicut of its arterial 
system, and the intimate relation of the anterior 
aorta and its branches to the nerve centres and great 
nerves, than does any other Arthropod. 

An arrangement of great functional importance in 
regard to the venous system must now bo described, 
which was shown in 1883 by Lankester to be common 
to Limulus and Scorpio. This arrangement has not 
hitherto been detected in any other class than the 
Arachnida, and if it should ultimately prove to bo Fjo. ss.— D iammofalatenii viewofaiongitiuiinai ac 
peculiar to that group, would have considerable P'-rr"* '. 
weight as a proof of the close genetic affinity of 
Limulus and Scorpio. 

The great pericardial sinus is strongly develojK^d in 
both animals. Its walls are fibrous and coiujilete, and 
it holds a considerable volume of blood when the heart itself 
is contracted. Opening in pairs in each somite, right and 
left into the pericardial sinus are large veins, which bring 
the blood respectively from the gill-books and the lung- 
books to that chamber, whence it jiasscs by the ostia into 
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Aertioi) of LdduIiib. Sm, luetoTial 

. , jf, month, Kiitt eiitoBtemnin ; VH, 

vpxitnl vftnoiw ainiw ; chi, chllaria ; j/o, genital t>i>ereulum ; M to frr», brancliial 
appendages; met, nnaeginentwl luetaMuina; Entap*, fourth denial **“*** 

Ivfr Bide ; tom, tergfi-aternal ninacloa, hix pairs as in Scorpio (la1*ellml dv in P ig 81) , 
VPMI toVPMB, the eight pairs of veiio-pencjirclmc musclcH (InlicIIed pi> in Fifr 81) 
VPMi is probablv rcpresaiited in Scoriiio, though not marked Jn Figs. 30 and 81. 
(After Ben ham, Trails. Zool. Hoc. \ol 1888.) 

figured by Newport but not described by him. Those of 
Limulus were described and figured by Alphonse Milne- 
Edwards, but he called them merely “transparent liga- 
ments,” and did not discover their muscular structure. 
They are figured and their imjiortance for the first time 

S. T. — 67 
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recognized in the memoir on the muscular and skeletal 
syntems of Limulus and 8cori>io by Lankoster, B(*ck, and 
Bourne (4). 

G. Alimemtary Canal and Cantric Glands, — The ali- 
mentary canal in Scorpio, as in Limulus, is provided with 
a i>owerful suctorial ])harynx, in the working of which 
extrinsic muscles take a ]>art. The mouth is relatively 
smaller in »Scorpio tlian in Limulus — in fact is minute, as it 
is in all the terrestrial Arachnida which suck the juices of 
either animals or plalits. In both, the alimentary canal 
takes a straight coursi; from the pharynx (which bends 
under it downwards and backwards towards the mouth in 

Limulus) to the anus, and is 
a simple, narrow, cylindrical 
tube (Fig. 33). The only 
point in which the gut of 
Limulus resembles that of 
Scor[»io rather than that of 
any of the Crustacea, is in 
possessing more* than a single 
pair of ducts or lattnul out- 
growths connected with raini- 
li(*d gastric glands or gastric 
ca‘CM. Limulus has tw^o pairs 
of these, Scorpio as manj" as 
SIX ))airs. The Cmstacea 
nevei- have more than one ]>}\ir. 
1'he minute micioscojiic struc- 
ture of the gastiic glands in 
the two animals is jimctically 
iileutu'al. The functions of 
these ga.'‘tri<‘ diverticula have 
ii(*ver lieen carefully investi- 
gated. It IS very probable 
that in Scorpio they do not 
sei ve merely to secretii a diges- 
1 tive iluid (shown in other 

Arthropoda to lesemble the 
[lancreatic fluid), but that 
Thf* uiiinoiiUry caimi uiui they also become disttmded by 

1' ol u Scurijioii (A) of tlu» iivpv 

liluiuliis(li) AlnHciilar juu^es oi Ult ]>iey aucKta 

tii» in by the Seorjiion 
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provided W'ith a single or 
double ]>air of reual excretory tiil)e.s, which have ln^en 
identilied by earlier authors with the Malpighian tul>es of 
the Hexapod and Myriaptni insects. Limulus is devoid 
of any such tubes. We shall revert to this subject below. 

7 . 0m9ves and Spernmrivs : Gonocaels atid Gonoducts , — 
The scorpion is remarkable for having the sjiecializod 
portion of cielom from the w'alls of which egg -cells or 
siierm-cells are developed according to sex, in the form of 
a simple but extensive iietw^ork. It is not a pair of simjde 
tubes, nor of dendriform tul^s, but a closed net- work. 
The same fact is tiue of Limulus, as was shown by Ow’cn 
(7) in regard to the ovary, and by Benham (14) in regard 
to the testis. This is a very deiinite and remarkable 
agreement, since suc'h a reticular gonocoel is not found in 
Crustacea (except in tht» male Aj»us). Moreover, thert^ is 
a significant agreement in the character of the sjiennatozoa 
of Limulus and Scorpio. The Crustacea art^— w^ith the 
exception of the Cirrhipedia — remarkable for having stiff, 


motionless spermatozolds. In Limulus Lankester found 
(15) the spermatozoa to ix>ssess active flagelliform 
“tails,” and to resemble very closely those of Scorpio 
which, as are those of most terrestrial Arthropoda, are 
actively motile. This is a microscopic point uf agreomenti 
but is none tho less significant. 

In regard to the imjiortant structures concerned with 
the fertilization of the egg, Limulus and Scorpio differ 
entirely from one another. The eggs of Limulus are fer- 
tilized in the sea after they have been laid. Scorpio, 
being a terrestrial animal, fertilizes by copulation. The 
male possesses elaborate copulatory structures of a chitin- 
ous nature, and the eggs arc fertilized in the female with- 
out even quitting the place whore they are fonned on 
the wall of tho reticular gnnoccel. The female scorpion 
is vivifiarous, and the young are produced in a highly 
developed condition as fully formed scorpions. 

IHffere'nces between Limvlvs and l!^corpio , — We have 
now imssed in review the priuciyial structural features in 
w'hich Limulus agrees with Scorpio and differs from other 
Arthroi>oda. There remains for consideration the one 
important structural difference between the two animals. 
Limulus agrees with the majority of the Crustacea in 
lieing destitute of renal excretory casca or tubes ojicnihg 
into the hinder part of the gut. Scorpio, on the other 
hand, in coiniiiou with all air-breathing Arthroiioda €*xcept 
Benpatus, 2 >ossesses these tubules which are often called 
Malpighian tiilxis. A great deal lias bc^cn made of this 
diflTerence by some writers. It has been considered by 
them as prriviug thiit Limulus, in spite of all its special 
agreements W'ith Scorpio (which, however, have scarcely 
betm appreciated by the writers in question), really belongs 
to the Crustacean line of descent, whilst Scorpio, by pos- 
sessing Malpighian tulies, is dc*clared to be unmistakably 
tied together w’ith the other Arachnida to tho tracheato 
Arthropods, the Hexapods, Diplopods, and Chihqiods, 
winch all }»osse8s Malpighian tuljes. 

it must be jiointed out that the pn^sence or absc^nce 
ot such renal excretory tubes o]>ening into the intestine 
ut>pears to lie a question of adaptation to the changed 
physiological conditions of n^spiiution, and not of morpho- 
logical significance, since a pair of renal excretory tubes 
of this nature is found in certain Am phi pod Crustacea 
(Talorehestia, »kc.) which have abandoned a purely aijuatic 
life. This view has been accepted and supported by Pro- 
fessors Korschelt and Heider (16). An important fact 
in its favour W'as discovered by Laurie (17), who 
investigated the embryology of two species of Scorjiio 
under Lankester’s direction. It ap^iears that the Mal- 
pighian tubes of Scorpio are developed from the mesen- 
tt»ron, viz., that portion of the gut which is formed by the 
hypoblast, whereas in Hexajiod insects the similar c»cal 
tubes are developed from the proetodseum or in-pushed 
]K)rtion of the gut which is formed from epiblast. In 
fact it is not possible to maintain that the renal excretory 
tubes of the gut are of one common origin in the Arthro- 
j)oda. They have appeared independently in connexion 
wdth a change in the excretion of nitrogenous waste in 
Arachnids, Crustacea, and the other classes of Arthropoda 
when aerial, as opposed to aquatic, respiration has been 
established — and they have been fonned in some cases 
from the mesenteron, in other cases from the proctodaeum. 
Their ap^iearance in the air-breathing Arachnids does not 
sc^iarate those forms from the water-breathing Arachnids 
wdiich are devoid of them, any more than does their apjiear- 
ance in certain AmphixKxla separate those Crustaceans from 
the other members of the class. 

Further, it is pointed out by Korschelt and Heider that 
the hinder portion of the gut frequently acts in Arthro- 
]KKla as an organ of nitrogenous excretion in the abs^ioa 


I 



ARACHNIDA 531 


of any special excretory tubules, and that the production 
of such ciBca from its surface in separate lines of descent 
do3B not involve any elaborate or unlikely process of 
growth. In other words, the Malpighian tubes of the 
terrestrial AracLuida are honwploMic with those of Hexa- 
|»oda and Myriapoda, and not homogenetic with them. 
We are comiielled to take a similar view of the agree- 
ment between the tracheal air -tubes of Arachnida and 
other tracheate Arthroj>ods. They are homoplasts (see 
18) one of another, and do not owe their existence in the 
various classes compared to a common inheritance of an 
ancestral tracheal system. 

Conclusions arising from the Close Ajffinitp of Liniulvs 
and Scorpio, — When we consider the relationships of the 
various classes of Arthropoda, having accepU'd and estab- 
lished the fact of the close genetic affinity of Liinulus and 
Scorpio, we are led to important conclusions. In such a 
consideration we have to make use not only of the fact 
just mentioned, but of throe important generalizations 
which serve as it were as implements for the projKJr 
estimation of the relationships of any series of organic 
forms. First of all there is the generalization that the 
relationships of the various forms of animals (or of 
plants) to one another is that of the ultimate twigs of a 
much-branching genealogical tre(». fc><‘coiidly, identity of 
structure in two organisms df)cs not necessarily indicate 
that the identical structure has been inherited from an 
ancestor common to the two organisms com])arcd (homo- 
geiiy), but may be due to indejiendent development of a 
like structure in two different lines of descent (homo- 
plasy). Thirdly, those members of a grou]> which, whilst 
exh limiting undoubted structural characters indicative of 
their proper assignment to that group, yet are simpler 
tluin and inferior in elaboration of their organization to 
other members of the group, arc not necessarily represen- 
tatives of the earlier and primitive phases in the develoj)- 
ment of the grouj) — but are very often examples of 
retrogressive change or degeneration. The second and 
third implements of analysis above cited are of the nature 
of cautions or checks. Agreements are not neceesamfy 
due to common inheritance ; simplicity is not necessarily 
primitive and ancestral. 

On the other hand, we must not rashly set down 
agreements as due to “homoplasy” or “convergence of 
development ” if wo find two or three or more concurrent 
agreements. The proliability is against agreement l>eing 
due to homoplasy when the agreement involves a number 
of really se]mrate (not correlated) coincidences. Whilst 
the chances are in favour of some one homoplastic co- 
incidence or structural agreement occurring l)etween some 
member or other of a large grou]) a and some iucmb(?r or 
other of a large, group 6, the matter is very different 
when by such an initial coincidence the two members 
have been parti('nlarized. The chances against these two 
selected meml>crs exhibiting another really iiidejiendent 
homoplastic agreement are enormous : let us say 10,000 
to 1. The chances against yet another coincidence are a 
hundred million to one, and against yet one more “coin- 
cidence ’’ they are the square of a hundred million to one. 
Homoplasy can only bo assumed where the coincidence is 
of a simple nature, and is such as may be reasonably sup- 
posed to have arisen by the action of like selective condi- 
tions upon like material in two separate lines of descent.^ 

So, too, degeneration is not to hb lightly assumed as the 
explanation of a simplicity of structure. There is a very 

' A great deal of superflttous hypothesis has lately been put forward 
in the name of ** the principle of convergenoe of characters " by a certain 
school of palseontologista. The horee ie supposed by these writers to 
have originated by separate lines of descent in the Olil World and the 
l<fow, from five-toed ancestors! And the iinportuut consequences 


definite criterion of the simplicity due to degeneration, 
which can in most cases be applied. Degenerative sim- 
plicity is never uniformly distributed over all the 
structures of the organism. It affects many or nearly all 
the structures of the body, but leaves some, it may bo 
only one, at a high level of elaboration and complexity. 
Ancestral simplicity is more uniform, and docs not cocsxist 
with specialization and elaboration of a single organ. 
Further: degeneration cannot bti infijired safely by the 
examination of an isolated case ; usually we obtain a 
series of forms indicating th(» steps of a change in struc- 
ture — and what we have to decide is whether the move- 
ment has been from the simple to the more complex, or 
from the more complex to the simple. The feathers of a 
}>eacock afford a convenient exam})le of primitive and 
degenerative simplicity. The highest point of elaboration 
in colour, pattern, and form, is shown by the great eye- 
painted tail feathers. From these we can {lass by gradual 
transitions in two directions, viz., eitlier to the simple 
lateral ttiil feathers with a few rami only, dcvelojied only 
on one side of the shaft and of uniform metallic coloration 
— or to the simple contour fcatheis of small size, with the 
usual symmetrical series of nuincroiis rami right and left 
of the shaft and no remarkable eoloui-ing. The onivsidod 
s|>ecializat)on and the ^leculiar metallic colouring of the 
lateral tail feathers mark them as the extreme terms of 
a degenerative scTies, whilst the* symmetry, likeness of 
constituent parts inter se, and absence of sjiccializcd 
pigment, as well as the fact that they differ little from any 
average feather of birds in general, mark the contour 
feather as primitively simple, and as the starting-point 
from which the highly elaborated eye-painted tail feather 
has gradually evolved. 

Applying these principles to the consideration of the 
Arachnida, we arrive at the conclusion that the smaller 
and simpler Arachnids are not the more primitive, but 
that the Acari or Mites are in fact a degenerate group. 
This was maintained by Lankester in 1878 (19), again m 
1881 (20); it was subsequently announced as a novelty 
by Claus in 1885 (21). Though the a(;uatic mem tiers of 
a class of animals are in some instances derived from 
terrestrial forms, the usual transition is from an aquatic 
ancestry to more recent land-living forms. There is no 
doubt, from a consideration of the facts of structure, that 
the aquatic water-breathing Anichnids, represented in the 
])ast by the Eurypterines and to-day by the sole survivor 
Limulus, have preceded the terrestrial air-breathing forms 
of that group. Hence we sec at once that the bettor- 
known Arachnida form a series, loading from Linmlus-like 
aquatic creatures through ScorjiioiiH, Spiders, and Harvest- 
men, to the degenerate Acan or Mites. The spiders are 
Biiecializcd and reduced in ajipareut coinjilexity, as com- 
pared with the Scorpions, but they cannot be regarded as 
degenerate since the concentration of structure which 
occurs in them results in greatest efficiency and jiower 
than are exhibited by the Scoryiion. The determination of 
the relative degree of ])erfection of organization attained 
by two animals comimred is difficult when we introduce, 
as seems inevitable, the question of efficiency and jiower, 
and do not confine the question to the perfection of 
moriihological develc iment. Wo have no measure of the 
degree of power ma lifested by various animals — though 
it would be possibl ? to arrive at some conclusions as to 
how that “ })ower ** should be estimated. It is not 
|iOssible here to discuss that matter further. We must 

following from the demonstration of the identity in structure of 
LimuliiH iind Scoijno arc evaded b\ arbitrary and even phaiitastlc 
invocations of u mysterious tran«cc*ndeiital force which brings about 
** coiivcrg'*iioe ” irrespective of heredity and selection. Morphology 
becomes a iorce when such asbuinptious are mode. 
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content to point out that it soemB that the Spiders, 
the Pedipalpg, and other largo Arachnids have not been 
derived from the Scorpions directly, but have indcpend- 
('ntly developed from aquatic ancestors, and from one of 
these indoi)endont groups— i»robttbly through the Harvest- 
men from the Sjiiders — the Acari have finally resulted. 

Leaving that question for consideration in connexion 
with the systematic statement of the characters of the 
various groups of Arochnida which follows below, it is 
well now to consider the following question, viz., seeing 
that Limulus and Scorpio are such highly developed and 
sf>ecialized forms, and that they seem to constitute as it 
were the first and scicond stops in the series of recognized 
Arochnida — what do we know, or what are we led to 8ui»po8o 
with regard to the more primitive Arochnida from which 
the Eurypterines and Limulus and Scorpio have sprung. 
Do we know in the recent or fossil condition any such 
primitive Arachnids? Such a question is not only legiti- 
mate, but prompted by the analogy of at least one other 
groat class of Arthropods. The great Arthrojiod class, the 
Crustacea, ])reseuts to the zoologist at the present day an 
immense range of forms, comprising the primitive Thyllo- 
pods, the minute Copespods, the parasitic Cirrhij)edes and 
the powerful Crabs and Lobsteis, and the highly-elaborated 
Siind-hop|)ers and Slaters. It Inis benm insisted, by those 
who acce])tcd Lankester^s original doctrine of the direct or 
genetic altinity of the Chietopoda and Arthropoda, that 
Apus and Branchipus really come very near to the ancestral 
forms which connected those two great bmnehes of 
Apiiendiculate (Parapodiate) animals. On the other hand, 
the Land Crabs are at an immense distance from these 
simple forms. The record of the Crustacean family-tree 
is in ftwjt a fairly complete one- -the lower primitive 
memliers of the group are still represenUnl by living forms 
in great abundance. In the case of the Aiachnida, if we 
have to start their g(5nealogicixl history with Jjimulus and 
Scorpio, we are much in the same jiosition as we should 
be in dealing w-itli the Crustacea, were the whole of the 
Entoinostraca and the whole of the Arthrostraca wiped 
out of existiuice and record. There is no possibility of 
doubt that the 8(»ri<?8 of foims corre^sponding in the Arach- 
iiidan line of descent, to the forms distinguished in the 
Crustacean line of descent as tlie lower grade — the Ento- 
mostraca — have ci^ased to (jxist, and not only so, but 
have left little evidence in the form of fossils as to their 
former existence and nature. It must, however, be ad- 
mitted as probable that we should find some evidence, 
in ancient rocks or in the deep sea, of the early more 
primitive Arachnids. And it must be remeinlHjred that 
such forms must be expected to exhibit, when found, 
ditferenc(*s from Limulus and Scorpio as great as those 
which sejiarate Ajms and Cancer. The existing Arochnida, 
like the higher Crustacea, are “ nomomeristic,” that is to 
say, luivo a fixed tyiucal number of somites to the body. 
Further, they are like the higher Crustacea, “soiiiato- 
tagmic,’* that is to say, they have this limited set of 
somites gi'ou})ed in three (or more) “ tagmata ” or regions 
of a fixed number of similarly modified somites - each 
tagma differing in the modification of its fixed number of 
somites from that characterizing a neighbouring tagma.’’ 
The most jirimitive among the lower Crustacea, on the 
other hand, for example the Pliyllopoda, have not a fixed 
number of somites, some genera — even allied species — 
have more, some less, within wide limits; they are “anomo- 
meristic.” They also, as is generally the case with anomo- 
meristic animals, do not exhibit any conformity to a fixed 
plan of ** tagmatism ” or division of the somites of the 
body into regions sharply marked off from one another ; 
the head or prosomatic tagma is followed by a trunk con- 
aisting of somites which either graduate in character as we 


pass along the series or exhibit a large variety in different 
genera, families, and orders, of grouping of the somites. 
They are anomotagmic, as well as anomomeristic. 

V^en it is admitted — as seems to be reasonable — that 
the primitive Arochnida would, like the primitive Crus- 
tacea, be anomomeristic and anomotagmi^, we shall not 
demand of claimants for the rank of primitive Arachnids 
agreement with Limulus and Scor][iio in respect of the 
exact number of their somites and the exact grouping 
of those somites ; and when wo see how diverse are the 
modifications of the branches of the appendages both in 
Arochnida and in other classes of Arthropoda (</.v.), we 
shall not over-estimate a difference in the form of this or 
that appendage exhibited by the claimant as compared 
with the higher Arachnids. With those considerations in 
mind, the claim of the extinct group of the Trilobites 
to be considered as representatives of the lower and more 
primitive steps in the Arachnidan genealogy must, it 
seems, receive a favourable judgment. They differ from 
the Crustacea in that they have only a single pair of prae-oral 
apiiendages, the second ]»air lieirig definitely developed as 
mandibles. This fact renders their association with the 
Crustacea impossible, if classification is to be the expres- 
sion of genetic affinity inferred from structural coinci- 
dence. On the contrary, this particular ])oint is one in 
which they agree with the higher Arachnida. But little 
is known of the structure of these extinct animals; 
we are therefore comjielled to deal with such special 
points of resemblance and difference as their remains still 
exhibit. They had lateral eyes^ which resemble no known 
eyes so closely as the lateral eyes of Limulus. The 
general form and stnicture of their prosomatic i^rapace 
are in many striking features identical with that of 
Limulus. The trilobation of the head and body — due to 
the expansion and flattening of the sides or “ pleura ” of the 
tegumentary skeleton — is so closely repeated in the young 
of Limulus that the latter has been called “ the Trilobite 
stage” of Limulus (Fig. 4*J compared with Fig 41). No 
Crustacean (exhibits this trilobite foiiii. But most iin- 
l>ortant of the evidences })resented by the Trilobites of 
affinity with Limulus, and therefore with the Arachnida, is 
the tendency less marked in some, strongly carrieil out in 
others, to form a pygidial or telsonic shield — a fusion of tlie 
posterior somites of the body, which is precisely identical 
in character with the metasomatic carapace of Limulus. 
When to this is added the fact that a ])ost-aual spine 
is developed to a large size in some Trilobites (Fig. 38), 
like that of Limulus and Scorpio, and that lateral spines 
on the pliura of the somites are frt*queut as in Limulus, 
and that neither metasomatic fusion of somites nor post- 
anal spine, nor lateral pleural spines are found in any 
Crustacean, nor all three together in any Arthropod 
besides the Trilobites and Limulus — the claim of the 
Trilobites to be considered as representing one order of a 
lower grade of Arachnida, conqiarable to the grade Ento- 
mostraca of the Ciustacea, seems to bo established. 

The fact that the single pair of pras-oral ap})endag 08 of 
Trilobites, known only as yet in one genus, is in that par- 
ticular case a i>air of uni-ramose antennae — does not render 
the association of Trilobites and Arachnids improbable. 
Although the prse-oral pair of apiieudages in the higher 
Arachnida is usually chelate, it is not always so ; in Spiders 
it is not so ; nor in many Acari. The bi-ramose structure 
of the post-oral limbs, demonstrated by Beecher in the 
Trilobite Triarthrus, is no more inconsistent with its claim 
to be a primitive Arachnid than is the foliaceous modifica- 

^ A pair of rouuil tubercles on the labrum (canierostome or hypo- 
stoma) of several species of Trilobites has been described and held to 
be a pair of eyes quite recently (83). Sense-organs in a similar 
position wer^ discovered in Limulus by Patten (48) in 1894. 
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tion of the limbs in Phyllopods inconsistent with their 
relationsUp to the Arthrostracous Crustaceans such as 
Gammarus and Oniscus. 

Thus, then, it seems that we have in the Trilobites the 
representatives of the lower phases of the Arachnidan 
pedigree. The simple Anomomeristic Trilobite, with its 
equi-formal somites and equi -formal ap]^>endages, is one 
term of tihe series which ends in the even more simple 
but degenerate Acari. Between the two and at the 
highest point of the arc, so far as mor|)hological difl&ren- 
tiation is concerned, stands the Scorpion ; near to it in the 
Trilobite’s direction (that is on the ascending side) are 
Limulus and the £ury|>terineB — with a long ga]», due to 
obliteration of the record, sef)arating them from the Trilo- 
bite. On the other side — tending downwards from the 
Scorpion towards the Acari — are the Pedi|)alpi, the 
Spiders, the Book - Scorpions, the Harvest- men, and the 
Water-Mites, 

The strange Nobody -Crabs or Pycnogonids occupy a 
place on the ascending half of thci arc below the 
Eurypterines and Limulus. They are strangely modified 
and degeneiute, but seem to be (as explained in the 
systematic review) the remnant of an Arachnidan group 
holding the same relation to the Scor])ions which the 
Lssmodipoda hold to the Podophthalmate Crustacea. 

We have now to offer a classification of the Arachnida 
and to pass in review the larger groujm, with a brief 
statement of their structural characteristics. 

In the bibliography at the close of this article (referred 
to by leaded arabic numerals in brackets throughout these 
pages), the titles of works are given which contain de- 
tailed information as to the genera and species of each 
order or sub-order, their geographical distribution and 
their habits and economy so far as they have been ascer- 
tained. The limits of s])ace do not [jermit of a fuller 
treatment of those matters here. 

Tabular Classification^ of the AuAcnNiDA. 

Class. AKACHl^IDA, 

Grade A. ANOAfOAfI>:JUSTICA, 

Sab Class. TRlLOBrr.£. 

Onltii's. Not satisiacturily determined. 

Gfrade B. NOMOMERrSTIUA. 

Sub-Class I. PANTOPODA. 

Order 1. Nympbonomorpha. 

„ 2. Asoorhynohomorpha. 

„ 3. Pyonogonomorpha. 

Bub-Class II. EU-ABACHNIOA. 

Grade a. nKLouRAN('HiA, Limkester {vel HYiniu- 
VKFrs'j'KA, Pocock;. 

Order 1. Xiphosura. 

„ 2. Gigantostraca. 

Grade h, embolohrancuia, Lankestc'i* {vcl aeko- 
I'NEURTEA, Pocock). 

Section a. Pectinifera, 

Order 1. Sooxpionidea. 

Sub-order a. Apoxy}H)da. 

,, 6. Diuiiyehopixlo. 

^ The writer is indebted to Mr B. I. Pocock, assistant in the 
Natural History departments of the British Museum, for valuable 
assistance in the preparation of this article and for the classilication 
and definition of the groups of Eu-arachuida here given. The general 
scheme and some of the details have lieen brought by the writo into 
agreement with the views maintained in this article. Mr Pocock 
accepts those views in all essential points and has, os a special student 
of the Arachnida, given to them valuable expansion and confirmatioh. 
The writer also desires to express his thanks to Messrs. Macmillan 
for permission to use Figs. 22, 48, 44, and 45, which are taken fVom 
Parker and HaswcU's Text -hook qf Zoology ; and to Messrs. Swan 
Sonnenscheiu and Co. for the loan of several figures from the trans- 
lations published by them of the admirable treatise on Embryology 
by Professors Korschelt and Heider ; also to the publishers of the 
treatise on Pataronfofogy by Professor Zittel, Herr Oldenbourg and 
Macmillan and Co. of New York for several cuts of extinct forms. 


Section p, Epeetinala, 

Ordarfi. Padipalpi. 

Sub-order a. Urotiygi. 

Ti'ibe 1, Urotriclia. 

,, 2. Tartarides. 

Suii-oider 6 . Amblypygi. 

Older 8. Arauew. 

Sub-oider a. Mesothehe. 

,, 2 ». Opisthothelae. 

Tribe 1. Mygalomorphne. 

,, 2. AriLclinoiiioipiim. 

Order 4 . Palpigradi (-Hicrothelyphonida). 

Order 6. Bolifugw ( -Mycetophoras). 

Order 6. Peeudoeoorpionee ( - Chelonethi). 

Sub-order a. Parn’leiiodai'tyli. 

,, h, llciiiicteiKjdautyli. 

Order?. Podogona ( ~ Meridogaetra). 

Order 8. OpiUones. 

Siib-oider «. Lauiatores. 

,, 2>. Pal])atnres. 

,, c. Anepignatin. 

Order 9. Bhynchoetomi (= Acari). 

Sub-order a. Cryptostiginata. 

„ b, MetastigTimla 

,, c. PiostigniaU. 

,, d, Astigmata 

,, c, Vomiiformia, 

, f. Ti*tia]»oila 

CiA8S. ARACHNIDA. — Eiiai thropoda having two prostbonieroe 
(somites which have iiassed from a ]x>Kt>orai to a pra^-oral position), 
the appendages of the first represented by eyes, of the second by 
solitary rami which ai*e rarely anteiinifonu, more usually chelate. 
A tenaency is exliibited to the fonnatiou of a iiietabumatic as well 
as a prosomatic carapace by fusion of thi‘ lei gal Burfiices of tlie 
somites. Interiiiodiato somites foitinng u inesosoma o< cm , but tend 
to fuse superficially with the mctasoinatic cmajiace oi to become 
co-ordinated with the somites of the metasoniH, u Ijctlier fused or 
distinct to toiin one region, the opisthosoma (abdomen of authors). 
In the most highly -develojied forms tlie tuo antoiioi divisions 
(tagmata) of the Iwly, prosoma and mesosoma. each exhibit six 
jjiairs of limbs, pediform and nlate-liko lesjH’ttivelv, uhilst tlie 
metasonia eonsists of six limbless soinifeH and a poKt>anal spine 
The genital aiKfrtures arC placed in the lust somite following tlie 
pi’osotua, excepting wheio a ))ijegenital somite, usually KUpjiressed. 
18 1 ‘Rtainrd. Little is know'll of the form of the apfaujilogeh in 
the lowest archaic Aiuclniida, but the lendeiicv of those of the 
prosomatic somites has been (as in the Ci ustacea) to pass from a 
gimcralizod bi-mmose oi multi-ramose tonu to that of uni-iamosu 
anteniue, chcln*, and walking- legs 

The Arachnida arc divisible into tw o grades of structiiie — aci onl 
ing to the fixity or uou-lixity of tin* numl^ei of somites building uji 
the Ixwiy ; — 

Grade A {of the Araxhnida). AXOAIOMEIIISTJCA, -Extinct 
archaic Arachnida, in which (as in tlte Eiitomoblitu^uus Crustacea) 
the number of well-dcvelojicd somites may be moie or less than 
eighteen and may he grouped only as head (prosoma) and trunk or 
may bo fmtlier dillciontiatisl. A telsonic tergal shield of greater 
or less size is always present, wliuh max be impel fcctly divided into 
well-marked but immovable tcigites indicating mcomnletely diffei- 
eiitiated somites. The single i»aii of }>alpifoim appiiuagos in front 
of the mouth has l)cen found in one instance to Iw autonniform, 
whilst tlie nuTiierous post-oral u]>]>endages in the same gciiUK weVQ 
bi-raniosc. The ]K>&itioii of the genital af»crtures is not known. 
Compound lateral e^es jnvseiit ; median eyes wanting. Tlic' body 
and iioad have the two ]>]eural regions of each somite flattened and 
exiiaiided on either side of the tine gut-liolding body-axis. Hence 
the name of the sub-class signifying tri hibed, a condition realized 
also in the Xiphosiuoiis Arachnids. The members of this gi'ou}», 
whilst resembling the lower (Crustacea (as all low’er gioiijis of a 
hi’ancliing genealogical tree must do), differ from them essentially 
in that the liead exhibits only (»iic piosthoraere (in atidilioii to the 
eye-beanug proslhomere) with palpiforiii apjiendages (ns in all 
Arachnida) instead of two. The Anomomeristic Arachnida fonu a 
single suh-class, of which onlv iiiifieifoct fossil remains an* known. 

Bub-elMB (of the Anomomeriitioa). TBILOBITAS.—The single 
sub-class Tnlobibe constitutes the grade AnomoTiienstica. It has 
been variously divided into ordeis a number of writers. The 
greater or less evolution and specialization of the nudjisomatic 
cara|)ace apiiears to bo llie most imi>ortant basis for classification — 
hut this has not been made use of in the latest attempts at dmwiug 
up a system of the Trilobites. The form of the middle and lateral 
regions of tho prosomatic shield has been used, and an excessive 
importanco attaclied to the demarcation of certain ai*eas in Ihat 
structure. Sutures are stated to mark oft* some of tl)e.se, pieces but 
in the projier sense of that term as a]>pUed to the skeletal structures 
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of tho Vertebrata, no sutu^ exist in the chitliiouM cuticle of 
ArthTO];K>da. Tliat any iiartial fusion of originally distinct chitin- 
ous plates takes place m the cephalic shield of Trilobites, com- 
parable to the partial fusion of bony pieces by suture in A'crtc'biHta, 
18 a su^Krestion contrary to fact. 

The ^Trilobites are knoun only us fossils, mostly Siluiwu and 


appeaiance to the free somites. The genus Agnostus, 'which be- 
long to tho last catemi'y, occurs abundantly in Cambrian strata 
and IS one of the earuest forms known. This would lead to the 
supposition that the great development of metasoiuatio oara|)ace is 
a pnmitive and not a late charaoter, were it not for the fact that 
Puradoxidcs and Atops, with an inconspicuous telsonio carapace 



Fio. 84 of T mrthru't Herki, (Jn-oii ns 4l<<t(>nnhie«l by Mi Beecher from spcnMiiiens obtained from 

the UU«a iSluliis (Oidovici.iii), New York A, dtiihal, Jl, Aentnd In the lutier tho aingle j»aii of 

aiiUmiiw KprliiKliu^ uii Inirn wK'li aid<i <ir tho oi liN|K>«»tom« or upper lip-loho oro Moen. Foui 

jialrH of ;ipp(*iida;<es oohldoH those are hooii to belong to tlin cepluilic tcrgimi All tho aitpundnKea are pedifofm 
and bi>rutiioNo, all tiavo a pr Miiiiioiit Kimttiobase, uiid in all tho eKopodite curries a conibdilvo Neiies of 
Monoiulaiy poieesHea, (After Ueechei, from Zittol ) 


Pro, 87 . — Dnjihmi Fvrhtsu^ Barr 
One of tho Cheinnidu*. Bdn- 
uan Bohemia. (From Zittel’s 
ralceontologif,) 


pra‘-SiIiii tail ; a an* found in (^ubomlfrous and IViniiaii stiata. 
Ah many as t wo tliousand h|i(*(Mch ate knm\n. (IcnetauiUi sinnll 
niotaHoinutic camnaoc', conHiHlin*.r ol Hirer to min liiHcd scgnicnts 
diHtinclly in.irkccl though not He])anited by soft jnembmiic, arc* 
Ilarpes, Pai.ido\nl«'H, iirnl TimrtliruH (Fjg 3^). In (’alyiimm*, 
Honialoiiotus and I’hacojis (Kig. 3H) from six to sixtecm .sc'gments 
an^ clearly inurked by ridges and groove.s in the iiietasomatie tiigiua, 
whilst in llieiiUH the shield so touiied is large but no .somites 
arc marked out on its surfaee In tins genus ti*n liee somites 
(nioHoaoma) occur between tin* ]irosomatic and nictaaoiuatic caiu- 
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Fio. S!> Tmirthrus JUthi, (»uin. ti, Uestoied Ihoracii limlw in tiaiih\eisi* 
Hoction of ihoutmiuil , h, section ueross n postermr somite , i, seciioii lidos'^ 
Olio ot the sub-terminal hoimtes (Aftei Beecher ) 

t^uum Asaplius and Mcgalaspis (Fig. 39) are similarly constituted. 
In Agnostus (Fig. 40) the anterior and jiosteiioi eam]iace.s eon 
stitute almost the entne body, the two caiin)aee.s being eonneeted 
by a mid-re;ivioii of only tw'o free sonnies. It has been heicl that 
the forms witli a small mimhor of somites inaiked in the jKisteiioi 
eampace and numerous free somites hotween tlie anterior and 
jiosteiior carajiacc, must be considered as antciioi to those m wdiich 
a gimt immher of iKistcrior Bomites arc traceable in the inctaso- 
niatie earafiace, and that those in which the traces ol distinct 
Bomites in the posterior or inetasornatic cara]iace are most cuiii- 
phdoly absent must bo regarded as derived fi-om tlioso m w Inch 
somites are w’cll marked in the posterior cai-apace and similar in 


and iiumeious fine somites, are also Cambrian in ago, the latter 
indeed anterior in hoii/oii to Agnostus. 

On tho other hand, it may w'ell bo doubted W'hether tho 
pvgidial or postciior carapace is primarily due to a fusion of tho 



Kk. :j.s — halmamtes limn- 
hi 1 11 % Ureen < Mio of the 
PluuMipnljc, ftoin the Hilu- 
ilan, Yoik. (From 
Zittel ) 



Fio. 8l>.—- ejctemmttu. 
One of the Anuphirlce allied to 
llscnuK, ftxmi the Ordovician 
of Fust Gothland, Sweden. 
(From ;Sittel.) 


tergitcb of somites which were previou^ movable and well 
develojHjd. The posterior carajume of the Tnlobites and of Lim- 
uluB is probably enough m origin a telsonio carapace — ^that is to 
say is the tergum of the last segment of tho body which carries the 
anus. Prom the front of this region new segments are produced in 
the first instance, and are add^ during growth to tho existing 
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•eries. This telaon may enlarge, it may possibly even become 
internally and atemally develop as partially sepaxute somites, 
and the tergom may remain without traoe of somite fonnatiou, or, 
as appears to be the case in Limulus, the telson gives rise to a few 
well-marked somites (mesosonia and two others) and then enlarges 
without further trace of segmentation, whilst the chitiuous integu- 
ment which develops in increasing thickness on the tcrga as growth 
advances welds together the unsegmented telson and the somit/cs in 
flxmt of it, which were previously marked by separate tergal thick- 
enings. It must always be remembered that we ai'e liable (es|)ecially 
in the case of fossilized integuments) to atti^h an unwarranted in- 
terpretation to the mere disoontlnuitv or continuity of the thickened 
plates of chitinous cuticle on the back of an Arthroi>od. Tlicso 
plates may fuse, and yet the somites to which they belong may 
remain distinct, and each have its |Nur of appendages well develojK^il. 


8 g 



Pifj. 40.— Four stttgCR in 
0 n ^ the development of 

the iiilobite Agnontwi 
nwliM, A, yoiinKOHt 
with iin tneKo> 
Hoiiialic ROiTiiteh ; B 
and C, e.tai'fs with two 
niOHOROinatic aomltes 
between the niono. 
niatic and teUonic 
carapaceH ; D, adult 
conoitinii, Htill tviih 
only two (Tee ini*N(mo- 
matir M<iniitoH (F'rom 
KorHChultandfIt>iil( t.) 


On the other hand, an unusually large tcigal jJate, whether t< iniiiial 
or in the series, is not always due to fusion of the dorsal jilates of 
otico-separate somites, but is often a case of grow^th and cnlaigC' 
niont or a single somite without formation of any trace of a new 
somite. For the literature of Trilobites see (22* ). 

Grade B {of the Araehnida) NOMOHnI EBItiTJCA. — Arachnida 
in which, excluding from considciutioii the cye-bearing piostho- 
11161*0, the somites arc pnmarily (that is to say, m the (omnion 
ancestor of the grade) grouiied in three regions of [it) tlic 
“prosoma” with palpifonn appendages, {h) the “ mcbosonia ” with 
plate-liko ap]>endagos, and (c; the “metasoma” with siippiehsetl 
appendages. A somite placc<l betw’eeii the jirosoma and niesoMnn.a 
- -the prse-geiiital somite — appeal's to Lavo belonged onginally to 
the prusoniatic series (which ivitli its ocular prosthoniere and palpi- 
fonu limbs [PautojiodaJ, would thus consist of eight sonntes), Imt 
to have been gradually reduced. In living Aiaehmds, excepting 
the Paiitopoda, it is oitlnir fused (with loss of its appendages) 
with the prosoma (Liiiiulus,^ Scorpio), after emluyome appeaiauec, 
or is n'taincd as a rudimentary, se}»arate, detached somite in front 
of the iiiesosoma, or disaji^niam altogether (excalation). The ati*oj»}iy 

Fio 41 — Fi\o 
in Ihc deXfdopiiKMit 
ot tlin tiilobiie tSao 
hirauUu A, y«itinj?«»'-t 
stance , IJ, older 
with dihtnict 
diaJ ourai»aee , 
atuKe with two free 
niearMruiiatic aom- 
ites between the 
I>roHoiiiatic and tel- 
aonu earnimcis; 1), 
ht!if;o W'ltJi seven 
Iren iiitei iia diate 
Homitea , IS, staj^n 
witli twelve frew 
sciimloH ; the tel- 
HOinc c.irapaco has 
not inei eased In 
Rue ; a, I itual eye ; 
tf, Ro- railed final 
“ suture ’’ (not really 
a sutuie); j\ teU 
8011 Ic oampai r 
(From Kornchidt 
and Ifeldtn, alter 
Barrande ) 

and total disappoarauco of ancestrally wcll-niai*ked somites fre- 
quently take place (as in all Arthropoda) at tlie posterior exliomity 
of the body, whilst excalation of somites may occur at the constricted 
areas which often separate adjacent “re^ons,” though there aie 
very few instances in wdiioh it has been recognized. Concentra- 
tion of the organ-systems by fusion of neighbouring regions (pro- 
soma, roesoaoma, metasoma), previously distinct, has frequently 
occunxHl, together with obliteration of the muscular and cliitinoua 

^ Mr Poeock suggests that the area marked vii. in the outline figure 
of the dorsal view of Limulus (Fig. 7) may be the tergum of tlio 
suppressed iiraa-genital somite. Embryological evidence must settle 
whether this is so or not. 


atmetures indicative of distinct somites. This concentration and 
obliteration of somites, often accomiiauied by dislocation of im- 
portant segmental structureB (such as appendages and noi vc-ganglia 
may lead to highly -doveloiied sjmeialization (individuation, H. 
Spencer), as in the Arauoce and Opiliones, and, on tlio oilier liand, 
m^ terminate in simplification and degeneration, as m the Acai i. 

The most important general change which Iuik aflceterf tlte 
structure of tlie nomomeristio Arachnida m the (’ourse of their 
historic development is the transition from an aquatic to a 
terrestrial life. This has lieen accompanied by tlie convciHion of 



Flo. 42 -So-called Irilohitc stago ” of 7 owi/bif palyphtmits A, ilorRal, 

D, ventml view (From Korwliflt and Ilcider, aflei Lpiickaii: ) 

the lanicllifonn gill-]»latc 8 into lanicllifbnn luiig-jdatcs, ami later 
tlie development from the lung-ehambeis. and at indejieiulent bites, 
of tiaeheie or an-tnlios (by adaptation of the Misifaetivc tissuo of 
the blood- vessels) Kimilar to those iudi‘]>endeiitl*/ developed in 
Penpatus, Diplo|M>da, Ilexapoda, and Cbilopod.! Piuliahly iiacheic 
haAo dcvelofied iude})eijdeutly by tlie same 1*101 • m scveial groupfi 
of traeheato Amclinida. The iiomomeiistie Ai.n hiiiu.s comnnso two 
sub classes — one a veij small degenerate ollbhuot fioin early anccS' 
tors; the other, the gieat hulk of the class 

Bub -Class I (of the Nomomeristica). PANTOPODA - -Momo 
meristic Ararhiiids, 111 wlindi the somites eon'espoiiding to meso 
soma and mctaaoina have ciitiiely aboi*ted. The M*venth leg bcaiing 
somite (the prie-genital rudimentary somite of Ku-aiaehmda) is 
piewnt ami lias its leg-hke appendages fully divcloiied. Mono- 
nienibcous eyes with a double (really tnple) eell-laver formed by 
invagination, ns 111 the Ku-aiaclunda. are piesent. The Pautopoda 
stand in the same lelation to famulus and Seor}iio that Cyamus 
holds to the thojaeo.sti aeons (h*iiBt.i«*ea. The reduction of the 
oiganism to seven leg- hearing somites, of wliich the limt p«iii, as in so 
niiuiy Ku-arachnidn, aie chelate, is a form of degeneration connected 
with a peculiar quasi-painsi tic habit lescinbling that of the cnis- 
tai'ean Lamiodipoda. The genital }>orcs are situate at the base of 




Fio. — Oiii «i ,n«* N\ Tiij.li'innnwii I'ii'i’i"* 

kIiowiii;; i 1 im juiii.. ..1 apjtiMui i s 1 to 7 , tie* HKlimentan cjms- 

tliosoiiiH . s, tli<* ijioutli - 1»( jjioiMjsfii. (I lom Purkei and li.isurllK 
Tert-hook of /oolfMjy^ }i(K k ) 

the 7 th pair of limhs, and may l»e lepe.ited on tlio 4 th, 6 th, ami 
0 th. Ill all known Panlojiod.i tin- si.'e of the body is quite niimito 
as eompaied with that of the liinhs . tlie alimentary (-.uiul Kemis a 
long cjccuni into each log (r/. the Aianc.s*) and tlie gi nital pHidm ta 
UJC develojrtsl ji) goiionf-ls also placed in the ligs. 

The Panto|KMhi aierlumhd into Ihieo older., the ehaim’teis of 
whieh are de]»endcnt on laiiation in the piescme ol the lull 
number ot legs. 

Order 1 (of the Pantopoda). Nymphonomorpha, Poeock (imv.) 
(Fig. 43 ). — Til ]inmiti\«- louus belonging to tlio family !Nyni]»ho- 
iiidjc the full compleinenl of ajqirnd.igi-s is i-etainod — the Ist 
(mandibular), the 2 nd (jialpilorm), ami tin- 3 ril (ovigcious) pans 
being well developed in hotli sexes. In ceitaiu derivative toniiB 
constituting the family Palleiiidfic, howevei. the appendages of the 
2 ud iNiir are cither nidimentary or ati opined altogether. 

Two families: 1 . Nymphonidie (gciiiia Aywip/mn), and 2 . 
Pallcnidie (genus i’a^/ewe). 


j 
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Order 2. Asoorhyi^omorpXiai Pocock (nov.).— Appendages of 
the 2nd and Srd jjairs retained and developed, aa in the more 
primitive ty^tes of Mymphonoinorpha ; but those of the let pair are 
either rudinientaty, as in the Aseorhynchidse, or atrophied, os in 
the ColoHsendeidte. In the latter a further specialization is shown 
in the ihsion of the body segments. 

Two families: 1. Ascorhynchidfe (genera Ascorhynchus and 
AmmoOvui) ; 2. Colosscndoida* (gonei'a ColoBtumdeis and Disco- 
arackne). 

Order 8. Pyonogonomorpha, Pocock (nov.).— Derivative forms 
in uhicli the rKluction in number ol the anterior appendages is 
(‘umed faither than in the other oiders, reaching its extreme in 
the Pycuogonidtr*, where the 1st and 2nd pairs am absent in lioth 
sexes and the .Sid imir also are absent in the female. In the 
Ilanuoniidfe, however, which resemble the Pycnogonida in the 
ubseiico of the !hd piir in the female and of the 2nd ]»air in 
both sexes, the Isi pur are retained in both sexes. 

Two fanulies* 1. Hannoniidte (genus 2. Pycno- 

gonidte (genera Pyrnogonum and Phoxichilus). 

HemavkH. —The Paiitopoda are not known m the fossil condition. 
They are entiiely marine, and are not uncommon in tlie coralline 
zone of the hea-coast. Tho s]iecies are few, not more than fiftv (28). 
Some Ittige H|KieieK of ]H‘culiar genera are taken at gmat cfepths. 
Their iiioxementH are extremely sluggish. Tlie}^ are esjiecially 
remarkable for thf‘ small size of the body and the extension of 
viseeitt into the legs. Their structure is eminently that of 
degenerate (oniiH. Nlaiiv Jieipient growths of coralline Algfe and 
Ifydioid Jiolyps, ujKm the juices of which they toed, and in some 
eases 11 species of gall is prodiKjed in Ifydroids by tlic i»enotration 
ol the luiviil i*anto]MKl into the tissues ol the polyji. 

Sub-Class ZI (of the Nomomeristio Arachuida). EU-ABACH- 
NIDA. — These start from highly dovcIojKjd and H])ecialized aquatic 
bniiichifcrous iornis, exhibiting prosoma W'lth six pedifonn jiaii'fl of 
a])pondages, an intennediute ]>rr('-geiiitiil somite, a mesosoina of six 
snruitos bearing lamelhfurm pail's of ufipeiKlages, and a metosoma 
of six somites devoid of ajijH'iiduges, and the last jirovided with 
a ]iost-anal siiiim. ** Median eyes arc jni'scnt, which are mono- 
meiiisoous, witii distinct retinal and conn-agciious cell layern, and 
placed centrally on the prosoma. Jialcial eyes also may be piesent, 
arianged in lateral groups, and having a single oi double cell- 
layer betieatli the lens. The tiist pair ol limbs is often chelate 
oi' prehensile, larely antciinitorm ; whilst tho second, third, and 
lourih may also be chelate, or ma} be sinijile ])alp.s oi walking 
k‘Ks. 

All internal skeletal plate, the so-called eiitoateniite ” of 
libro-cartilugiiiouH tissue, to wliieli iiiaiiv iiiuseles arc attached, is 
placed between the neive-eords aiul the ahmentaiy tract in the 
prosoma of the larger forms (Liiiiuliis, Seoipio, Mygalc). In the 
same and other leading loriiis a pan of iiuu'h -coiled glandular 
tubes, tho coxal gland<* fea>]oiijoen*ls in origin), is found with a duct 
ou’iimg oil the coxa oi the filth j>aii ol apneiidages ol the piosoma. 
Ine vascuhii syslciii is highly dc’iclopcci (in the non -degen emte 
forms); huge arterial biaiielies closely aeeommny or euvelo]» tho 
chief nerves; capil lanes are well developed. The blood -coipuseles 
are large uiiKebiiuriii cells, and tlic blood-jilasma is coloured blue 
by b.ciiioeyaniii. 

The alimentary canal is uncoiled and cylindrical, and gives rise 
laterally to hii git' gastric glands, which are more tliun a single pair 
in number (two to six ]Hnrs), and may assume the tonii of simple 
c.eea. The umuth is minute and the ]iliuryiix is iihvays suctonal, 
inner gi/zanl-like. The gmiadial tubes (goiioeiels or gonadial 
co‘li»m) are originally letieiilai and paired, though they may be 
reiluued to a siu>plcr condition. They ojhjii on the hint somite of 
the mesosoma In tho numerous degenerate loriiis siiiiplitication 
oeeurs by obliteration of the deniarcatioiiH of somites and the 
lusion ol iMMly-regions, together with a gradual suppression of tho 
l.iniellif»wtiUH roH]»iratory oigans and the substitution for them of 
traelu'ir, whieli, m their turn, in the smaller and most reduced 
inenibers ol the group, may also disapfNsir. 

The Eu-araehnula arc divided into two grades with reference to 
the condition «»t the ros]uratorv organs as adaxited to aquatic or 
terrestrial lile. 

Gnule </ (of the Eu-arachnida). dklobkarchia 
(H y droj uicustea). 

Mesosomatic segments fuinished with large platc-like apjicndages, 
the lat jmir acting us the geiiitil operculum, the remaining i»airs 
being provided with branchial lamella? fitted for bimtlung oxyi^n 
diHSolvwi ill water. The prrc-gcintal somite jiartially or wholly 
obliterated in the adult. The moiitb lying far liaek, so that the 
basal Rogmeiits of all the ])roHoniatie ajqiendages, excepting those 
oi the Ist jxiir, are cajialilc of acting as masticatory organs. Ijateral 
eyes consisting of a deiisely-xiaeked gioup of eye-units (“com- 
pound ” eyes). 

Order 1. Xipboiunt. — The prie- genital somite fuses in the 
embryo with the prosoma and disapiieara (see Fig. 19). Not fiue- 


Bwimming, none of the prosomatio appendages modified to act aa 
paddles ; aegmenta of t& maaosoma and memaoma ( asopiathoaoina) 
not more than ten in number, distinot or ooaleaoed. 

Family—Limulidte (A«m«^). 

„ Belinuridfe {Bslvmrw AglaapiSt Pratwichia). 

„ Hemiaspide (ATsmuMpis, Jiunodea), 

-The Xiphoaura are marine in habit, frequenting the 
shore. They are represented at the present day by the single genua 
Limulua (Figs. 44 and 45 ; also Figs. 7, 9, 11, to 15 and 20), which 



Piu. 44.— Dorsal view of Limvlui polyphemus. Lair. One-fourth the natural 
size, linear. (I«^m Parker aud Haswell, Tad -hook qf Zoolog y, after 
beuckart.) 



Fio. 45.— Ventral view of Limahw poZj/iikemiM, one-fourth the natural stss. 
linear. 1 to 0, the six prosomatic pairs of appoudoKea ; oM, the solid 
opisthosomatic csrapaco ; thn post-anal spine (not the telson as the 
lettering would seem to imply, but only its post -anal portion); opore, 
tlie fhsM first pair of inesosoiuatic ^pondages forming the genital oper> 
culnm. (From Parker and Uaswell, Text-book qf Zoology, after Leookart.) 

occurs on the American coast of the Atlantic Ocean, but not on its 
eastern coasts, and on the Asiatic coast of the Pacific. The Atlantic 


I 
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Bpecies (L, is common on the coasts of the United 

Stat^ and is known as the King-0»b or Horse-shoe Crab. A single 
spe^sien was found in the harbour of Copenhagen in the 18th 
centuiy, having presumably been carried over by a ship to which 
it clung. 

A species of Limulus is found in the Buntersandstem of the 
Vosges ; L. Walchi is abundant in the Oolitic lithographic slates 
of Bavaria. 

The genera Belinurus, Aglaspis, Prestwichia, Hemiaspis, and 
Bunodes consist of small forms which occur in Palteosoic rocks. 
In none of them are the appends^ known, but in the form of the 
* two carapaces and the presence of free somites they are distinctly 
intormewte between LimuluB and the Trilobit». The young form 
of liimuluB itself (Fig. 40) is also similar to a Trilobite so far as its 
segmentation and trilobation are concerned. The lateral eyes of 
Limulus app^r to be identical in structure and ixisition with those 
of certsin Trilobit®. 

Order % Oigantostraoa (Figs. 46, 47). -Frae-swimming fomih, 
with the appendages of the 6th or «5th and 6th {tairs flattened or 



Fi(>. 46 -—LiLrupierttft Eicliwald. Hilurmu oi Rootzikil. Restoration 

after KclitnidI , half the 8iz« of nature. The doraal aapect ih prenonted ahoii' 
niK the liniMonmtfe ahield with mired cointxiuiKl ayes uiid the proMiiiiatH* 
u])pondageH 11 to VI The buiuU firal pan oi aitpeiidagea is coiioeaU'd from 
^ icw by the carniNice ] to 12 are the sotnitea of the (ifiisthoeoina ; 13, the 
p08t-anal apine. (From Zittel'a Text-hook of Palwontoloi/ji Macmilhins, New 

Vork, im.) 

Iciigtlicuud to act as oat's ; segments of mesosoma and metosoma 
I opisthosoma), twelve in number. 

Ap])endage8 of anterior pair very largo and chelate. 

Sub-order Pterygotomorpha, Pterygotidre {Hcrygotm), 
Appendages of anterior pair minute and chelate. 

( 8tyloiiurid(e {StiflmuniA). 

Sub-oider KuryptcromorjihaJ Kuryjitendm {Eurypierus^ 
\ SUmmua), 

^ 7tV>nar/*.y. — The Gigantostraca are frequently spoken of as “the 
Kurypterines.” Not more than thirty sjiecies are known. They 
became extinct in Palasozoio times, and are chiefly found in the 
Upper Silurian, though oxtondingupwardsas far as the Carboniferous. 
They may be regaled as “ macrourous " Xiphosura ; that is to say, 
XiphoBura in which the nomomoristic number of eighteen woll- 
developod somites is present and the posterior ones form a long 
tail-like region of the wdy. There still appears to be some doubt 
whether in the sub-oraer Eurypteromorphn the first iiair of 
prosomatio appendages (Fig. 46) is atrophied, or whotuer, if 
present, it lias the form of a pair of tactile jialp or of minute 
'chelse. Though there are indications of lamelliiorm respiratory 
appendages on meeosomatio somites following that boating the 
genital operculum, we cannot be said to have any proper know- 


ledge aa to such appendages, and further evidence with regard to 
them is much to be desird. (For literature see Zittel, 33*.) 





Fm 47, ~~Pterpf/otm mtihfiJisUt Srhinuli 8iliman ol JbMil/iki) Ui Htoia* 
tioii of the ventral Ktirfare, mm-tliml tlm natuial ki/o. Si iunidt.. cr, 
caiiieroHioine or epiatonia ; w, elnlatiimi oi inr>UKtf>niili of tin prmonn 
(ho callud metaKtonia) ; oi\ the com pound o,\rN; I to S, sefrnuMitM of the 
Kixtli nrosomatic ap^ndaKo , 1' to V', Drat the o]>isthoHoinutic Honiiti*H; 
7% sixth oplsthosoiiiatic somite. Observe (he poMierfiil {;iiatliolia'<e-< of 
the Rixth pair of proaomatie limtih and the modmn platea Whiml nr 
dotted line on Homite I indicRtea the position of (h** ^fidlnl op''t''«bim 
which was probably provided with hranchml lamelhr (I'rnm /ittel s 
VoXn'ontoloqy ) 

Grade h (of the Eii-aracliuida). RMBOLtjniuNLiJi \ 
(Acropneustea). 

In primitive forms the respiratory lamelhe ot tlie appemliigi s ot 
the .Srd, 4th, .5th, and 6th, or of the Ist and 2nfl niesosoniatic 
somites are sunk beneath the surfaee of the 1>ody, and become 
adapted to breathe atmospheric oxygen, forming Ihe leaves of the 



Fia 48.— Dorsal \iew <»f a rt»storation of Pnlerophonut nuttottM, Thorell The 
Silurian 8cori>lon from Uotliland (Restmed after Thorell's {ndicatioii.s by 
jtfr. R. I. Pocock.) 

so-called lung-books. In siMJcializcd I onus these pulmonary s.ies 
are wholly or jiartly replaced by tracheal tubes. The appendages 
of the mesosoma generally suppressed ; lu the more priimtive forms 
one or two pairs may lie retained as organs subson-'isnt to repro- 
duction or silk-spinning. Mouth situated more forwards than in 
Delobranchia, no share in mastication being taken by the basal 

S. 1. — 68 
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Msgnieuts of the 5th aud 6th pairs of proeomatic appendages. 
Lateral eyes, when present, represented by separate ocelli. 

The proe-^nital somite, after appearing in the embryo, either is 
obliterated O^orpio, (laieodes, Opilio, and others) or is retained as 
a reduced narrow region oi the body, the ** waist,** between prosoma 
and mesosoma. It is represented by a fhll-sized tergal plate in the 
Pseudo-scorpiones. 

Section a. Pectinifera. - The primitive distinction lietwecn the 
mesosoma and the motjibfjina n^tained, the latter consiMting of six 
somites and the formci of six somites in the adult, each of which 
is furnished during growth with a pair of appendages. Inchidmg 
the pra» genital somite (Fig. 16), wtiich is suppressed in tlic adult, 
there are thirteen somites behind the prosoma. The appendages ol 
the Ist and 2nd mesosomatio soniitos persisting as the genital 
ofiorculum and pectonos respectively, those of the 3rd, 4th, 6tn, and 
6tb somit4)s (?in Palasophtmm) sinking below the surface during 
growth in connexion with the fonnation of the lour pairs of 
pulmonaiy sacs (see Fig. 17). lateral eyes monoslichous. 

Order 1. Booxplonidea. — Prosoma covered by n single dorsal 
shield, bearing typically median and lateral eyes ; its sternal 
elcmeiits ndiiced to a single plate lodged between or behind the 
basal segments of the 5th ana 6th pairs of appeaidagcs. Apficnd- 
(igos of Ist pair tri -segmented, chelate ; of 2na iiair e1)elat(3, with 
tlioir luisal segments sulmerving mastication ; of 3rd, 4t}i, 5th, 
and 6t!i jiairs similar in form and function, except that in recent 


40. -Vontral \iew uf 
a rflRi'«ratiuti of Palast*- 
jihtmuit Hit-nleH, Ptwock, 
Kiluriau Hcorpion 
from ijeHmaliano. 8rot- 
laud. UoKtored by Wr 
11. I I'orock Thtj moet- 
iii>; of tho cov.e of all 
thu prusuiimtic limltH in 
Irout of thn jioiituKlonul 
Hteinuiii , Uto Kparo tor a 
gonital oporeulutii ; Ihn 
ixiir of pcettniM, and thu 
abHRnce of any uMdrMiou 
uf pulmonary Htigniaia 
an* jnotioeablu in lUi*. 
MpiKMinun. (.Sue FixJocK. 
Qwirt Joui, Min, Sci 
lUUl ) 


and GarbomlerdUh loiiiib the bohai segnn'iil^ ui the 3id and 4tli ! 
aie provided with stoi no-eoxal (maxillarv } lobe.s, tlioso of the 4th 
[Niirmoctiug in the middle line and underlung the mouth. The 
tivo posterior somites of the metasonia constricted to forma “toil," , 
the TKKit-anal sclerito persisting as a weapon of otfonce and pro- 
vided with a pur of pusou glands (see Ki^. 8, 10, TJ, 13, H, 15, 
21, aud 22). 

Sub-order Apoxy]K)(la --The 3r<l, 4th, .5th, aud 6th purs ot 
ap}>endages short, stout, taponng, the segments about as wide tu} 
long, «-\co])t the apical, which is distally slender, ]H)int<*d, slightly 
curved, and without distinct inovablo claws 

Family -PalajophotiidHi, Paheophoniis (Figs. 48 and 49). 

Sub-order Dionycnojwda. — The 3rd, 4th, 5th, and 6th iiaii-b ol 
iippmdagos slendei, not evenly tapering, the segments longer than j 
wide ; tho apical segment sliort, dlstally truncate, and jirovided with ■ 
a jsur of movahlo claws. Hasal segments of tho fith and 6th pairs 1 
ot appendages abutting ag.iiiist the sternum of the prosonia (see ; 
Fig. 10 and Figs. .51, 52, and .53). i 

F.Hinily -Vaiidinid.v {Paiulitiusf, OpisOioplUhaimm, Urodacusi) 

, " Vejovula* (Prt^’own*, Junis^ JEuseorptuSy Broteas), | 
Jiothriuvidic {Bothriuriis^ Cereophonius), ’ 

Buthidie (yfnf/f?«, Caitrurus), 

,, “Cyclophthalmidie "I Carbon - 

,, ^Eoscorpiidie (EoacorpiiiSf OrMromachus j ifeixius. 

lUnuirhs on tlie Oraer Scot piomdea. -Tlie Scorpion is one of the 
great aniriials of ancient loro and tmdition. It and the crab are 
the only tw^o ittvertebni.tes whicli hod imjiresscd the minds of 
early men sufficiently to bo misod to the dignity of oatronomical 
ruprosentAtiou. It is all the more remarkable that the scorpion 
proves to be tho oldest animal fonii of high elaboration which has 
pirsislcd to the present day. In the UppT Silurian two specimens 
of a seor{>ion have been found (Figs. 48, 49), one iu Gotliland and 
one in Scotland, which would be recognized at once as true 



scorpions by a child or a savage. The Silurian scorpion, Pakeo^ 
phmuB, differs, so far as obvious points are oonoemed, ihnn a 
modem scorpion only in the thickness of its legs and in their 
terminating in strong spike-like joints, instead of being slight and 
provided with a pair of terminal claws. The lem of the modem 
scorpion (Fig. 10 : Fig. 51) are those of a terrestrial Arthropod, such 
as a beetle ; whilst tbw of the Silurian scorpion are the legs of an 
aquatic Arthropod, such as a crab or lobster. It is probable that 



Fxo. 50. —Comparison of 
the elxth proeouatio 
limb of a recent Scorpion 
(B), of PaiBeophonus (CX 
and of Limulus<AX show- 
ing their agreement in 
the number of segments ; 
in the existence of « mov- 
able spine, 8p, at the 
distal border of the fifth 
segment; in the corre- 
spondence of the two 
claws at the free end of 
the limb of Scorpio with 
two spines eimllarly 

£ laced in Limulus; and, 
wtly, In the correspond- 
ence of the three talon- 
like eplnes carried on the 
distal margin of segment 
six of recent Scorpions 
with the four huger but 
similarly situated spines 
on the leg of Limulus; 
s, groove dividing the 
ankyloeed segments 4 and 
5 of the Limulus leg into 
two. (After Pocork, Q, 
.7. Ifie. Sei, 1901.) 


the Silurian scorpion w'^oh an aipatio animal, and that its respiratory 
lainollie were still projecting from the surface of the ^dy to servo 
as branchia*. No trace of stigmata,’* the onfices of the luug- 
chanibers of modern scorpions, can be found in tho Scottish speci- 
men of FaUcophonus, whicli presents tho ventral surface of the 
animal to view. On tho other hand, no trace of respiratory 
apjiemlagcs excepting tho peotons can bo detected in the specimen 
(see Fig. 49). 

Fossil scorjiions of the modem type arc found in Uie Coal 
Measures. At the present day soorpioiia of various genera are found 
m all the warm rogions of the world. In Europe they ooour as far 
north as Ilavarmaud tho south of Franco. The largest spocies measure 



Pio. .ll.— Drawing from life of th« desert Scorpion, Buthus awrtredis, Lin.» 

from Biskra, N. Africa. (From Lankester, Jtrnm. Linn, Soe, ZodL, vol. xvi. 

1881.) 

9 inches from the front of the head to the end of the sting, and occur in 
tropical India aud Africa. Between 200 and 300 speoiea are known. 
The scorpions use their large ohelss for seizing prey and for fighting 
with one another. They never use the sting when (as freijuently 
happens) they attack another scorpion, beiMiuse, as was asoertraed by 
A. Bourne (34), the poison exuded by the sting has no ipjurious 
effect on another scorpion nor on the scorpion itself. The stories of a 
scorpion stinging itself to death when placed in a circle of burning 
ooe^ are due^ to erroneous observation. When placed in such a 
position thesoorpion faiuts and becomes inert. It is found (Bourne, 
34) that some species of scorpion faint at a temperature of 40” cent. 
They recover on being removed to cooler oonaitions. A soorpion 
having seized its prey (usually a largo insect, or small reptile or 
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nuunnuJi) with the lam ohels bring^ its tail over ita head, and 
doUbewtdy jmnotum the stru|a«Ung vi(rfim twice with ite stiug 
52). T^c poison of the stinff is similar to snake-poison (Calmett^, 


andrai 
probably only 


animus which are not immune to it It is 
ly adults or young children of the human race 
who can be actually killed by a scorpion's sting. When the scorpion 
has paralysed its prey in this way, the two short ohelioerw are brought 
into play (Fig. liS). By the crushing action of their pincers, and 
an alUmate backward and forward movement, they bnng the soft 
blood-holding tissues of the victim close to the minute pin-hole 
aperture which is the scorpion’s mouth. The muscles acting on 
*lhe bulb-like phaiynx now set up a pumping action (see Huxley, 
26); and liie juices — but no smid matter, excepting such as is 

reduced to powder-are sucked 
into the scorpion’s alimentary 
canal. A scorjiion appears to 
prefer for its food another scor- 
pion, and will suck out the 
juices of an individual as large 
as itself. When this has taken 
place, the gorged scorjiion be- 
comes distended and tense in 
Fio. Irom life of the Italian the mesoBomalic region It 

BcoTpion Jiiueo^ju Mictu, Her^t, ia certain that .the alisorbed 
holding a blue-bottle fly with its loft i«ieeo do not oeeunv the ali- 
chela,atidcATOfuny piercing It between not occupy me aii- 

head and thorax with Its ating. Two meiitary canal alone, but jiass 
inaertioiii of the sting are eflected and also into its cieeal off-sets, 
the fly is instantly paralysed by the y^hi(jh arc the ducts of the 
poison so introduced Into it8_ wyiy. 



(Froiu Isuikester, J<mm. Linn» Soe,) 


gastric glands (see Fig. .33 ). 

All Arachnida, including 
LimuluB, feed by suctorial action in essentially the same way as 
Scorpio. 

Scurpiona of vanons species have been observed to make a hissing 
noise when disturbed, or even when not disturlied. ’J'ln* sound is 
)»roduood by stridulatiiig or^us developed on the basal joints of 
tiio limbs, winch differ in position and character in different genera 
(see Pocock, 27). Scorpions copulate with the ventral surfaces iii 
eontact. The eggs arc fertilized, pmctically in the ovary, and develop 
tn silu. The young are bom fully formed and are carried by the 
mother on her back. As many as thirty have been counted in a brofsl. 
For information 08 to the embiyology of scorpions, the reader is reforretl 
to the works named in the bibliography below. Scorpions do not 
t) 0 S 80 S 8 spinning organs nor form either snares or neists, so far as is 
Known. But some species inhabiting sandy deserts fomi exten- 
sive burrows. The fifth jMiir of prusonmtic appendages is used by 
these scorpions when burrowing, to ki(;k back the sand as the 
burrow is excavated by the great chela*. 

Bofereuces tx> works dealing with the taxonomy and geographical 
distribution of scorpions are mvon at the end of this article (28). 

Section /S. /^eeCinata . — ^The primitive distinction between the 
iiiesoBoma and the metosoma wholly <jr almost wdiolly obliterated, 
tlie two rogions uniting to form an opis- 
tliosoma, which never consists of mon* 

Ilian twelve somites and never bears 
apjieiidagcs oi breatbing-urgaiis behind 
the 4th somite. The breatliing-orgaiis 
ol the onisthosoma, when jiresont, re- 
preseutea by two jiaii-s of stigmata, 
opening oitlier upon the Ist and 2iid 
(Ped^lpi) or the 2nd and 8rd somites 
(SoUuiga*, Pseudo-scorpiones), or by a 
sm^le pair uism the 3rd (? 2nd) somite 
(Opilioues) of the opisthosoma, there 
lieiug rarely an additional stigma on 
the 4^th (some Solifugte). The append- 
ages of the 2nd somite of the opis- 
thoBoma absent, rarely minute and bud- 
lik© (some Amblypygi), never pectini- 
form, A nne-genital somite is often 
liresont eiUier in a reduced condition 
forming a waist (Poditialpi, Arauese, 

Palpigradi) or as a full-sized tergal 
plate (Pseudo-scorpiones) ; in some it 
is entirely atrophied (Solifugse, Holo- 
somata, and Rhyuchostomi). Lateral 
eyes when present diplostichous. 

Semarka, — ^Th© Epectinato Arachnids 
do not stand so close to the aquatic 
iiiicQstotB of the Embolobranchia as do 
the Pectinlferous scorpions. At the 
same time we are not justified in sup^iosing that the scorpions 
stimd in any way as an intormediato grade between any of the 
existing Ep^tinata and the Dolobran^ia. It is probable that 
the Pedipalpi, Araueie, and Podogona have been separately evolved 
as diginot lines of descent ftom the ancient aquatic Arachnida. 
TO© Hdosomata and Bhynohostomi are probably off-shoots from 
the stsm of the Aiaiiem, and it is not unlikely (in view of the 



Flo. 68. — Tli« Bam» Scorpion 
curry ina thu now iiaralyucd 
fly held In its cheliceni:, the 
euelee liberated for attack and 
defence. Drawn from life. 
(From Iiank«stor,/au77i..f.Inn. 
Aloe.) 


stmeturs of the prosomatic somites of the Tortarides) that the 
Solifem are connected in origin with the Pedipalpi. The appear- 
ance of trachecB in place of lung-sacs cannot be regarded as a sWt- 
ing-point for a new line of descent comprising all the tracheate 
forms ; trachen seem to have developed independently in different 
lines of descent. On the whole, the Epectinata are highly special- 
ized and degenerate forms, though there are fovr, if‘ any, animals 
which surpass the spiders in rapidity of movement, deadliiioss of 
attack, and constructive instincts. 

Ordar 8. p6diiMi.l|»i (Figures 54 to 59). — Appendages of 1st 

S ir bisegmonted, without j^ison gland ; of 2na pair nroheusile, 
eir basal segments underlying the prob^is, and fumished with 



Fifi. 64.— Tfcciyyj/iouiw, one of the PHclliiolpi A, ventral view, 1, chclirem 
(detached), II, cholte ; HI, palpiform limb; IV to VI, the walking legs, 
it<c, Btemo-coxal proeesR (gnatnobaHe) of the oheln* ; stb anterior ntornal plate 
of the piOBoma ; posterior sternal plate of the proHotua , pregrit, position 
of the pree-gemtul somite (not seen) , I, I, posltum of the two pulmonary saoa 
of the right side ; I to 11, somites of the opisthosoma (mesosoma plus meta- 
soma); Twg, stigmata of the tergo-stemal Tniisoles , an, anus B, dorsal 
view of the upisthosoina of the same ; jrregrn, the pra'-genital somite ; p, 
the tergal stigninta of ihe teigo-stemal muKrles; post-anal segmentM 
tllainent corresponding to the j)ost-anal spine ol Limulus. (From Lankester, 
Q, J. Mif act N.B. lol x\i IhSl ) 

stomo-coxal (maxillary) process, the apical segment tip^icd with a 
single movable or immovable claw ; a]>]H.*ndugcss ol 3rd pair 
different from the remamdor, tactile in function, with at Ic^t the 
apical segment niany-jointed and clawless. The ventral surface of 
the prosuma bears prostcmal, mcta.stenia1, and usually mesoRiemal 
chitinc-plates (Fig. 65). A narrow prse-genital somite is present 
between opisthosoma and prosonia (Figs. 55 , 57). Opisthosoma 
consisting of eleven somites, almost wholly without fiBible 
appendages. liitiomittent oigan of male beneath the genital 
operculum (= sternum of the Ist somite of opisthosonial 



I'’ro ^tf}.‘-~Thrlyj}honussp. Ventral 
view of the anterior portion 
of the body to show ihe three 
jirosomatic stomal platea o, b, 
r, and tho rudimentury sternal 
clcinoiit of tho prui - genital 
soimto , opistA 1 , llrst aomito 
of tliti opihthosojna (From a 
drawing made by Mr. Pickard - 
Cambridge, under tho diroctioa 
ot Mr. B. 1. Pocock.) 


Sote. — The possibility of another interpretation of the 
anterior somitr4f of tho mesosoma and tho pnc-gonital somit© must 
bo bom© in mind. Possibly, thougli not probably, tho 001111108 
carrying the two lung-sacs correspond to the first t^yo luiig-boaring 
somites of Scorpio, and it is the genital opening which lias shifted. 
The same caution applies in ilio cose of the Araueai. Exciilution 
of one or of tw'o anterior mesosomatic somites, besides tb'» pne- 
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genital aomite, would thou have to be HUp^xioed to have uccurfod 

also. 

Sub - order a. Uropygi. < - Prosoma lon^rar than wide, its 
sternal area very narrr)w, furnished with a largo prosternal and 
inetasternal plato, and often with a small mesostenial sclerite. 
Anmndii^es of 2nd pair with theii* basal segments united in the 
lutadle line and incapable of lateral movement ; anpeiidages of 3rd 
pair with only tho apical segment many<jointea. Opisthosonia 
without trace of apiionaages ; its jKisterior somites narrowed to form 





7n' 


Fio. Afl . — ThflyphmtuH ^ Ventral Murfaee ol llie uiitenur togloti 

(if opiHihoauiiia, the first aoinite beini^ pualu^d unuanlH and forwarda kii 
as to cxiMme the 8iil).iaeeiit MtructnmH oiHHthn l, First Noinin) of the ojuk- 
tliiiHoiiia; ofnMlhti a, Kocoiid do. ; fj, uportiiro ; /, od;reK of the lainelhi 

oft ho liitiR-lioohs ; w, Htii^inata of tergO-Htenml inuaideH (Oii^ittal dm^ln;; 
liy Mr. I*ocofk ) 


H movable tail for ilio support of tho ]K)st*aiiu] scfcMife, which has 
iio jioison glands. 

liilMS 1. Ui*otru!im. Dorsal area <if prosoiua covered wiili a 
hitigle shield (? two in (Umlnitira), bcani '; median and lateial 
eyes, i^ost'iinal Hoh*n'te modiHnd as a long, niany-jointod feeler. 
Appendages of 2nd pair folding m a horizontal plane, eompletely 
chelatn, the claw immovahly united to the .sixth segment. Ro- 
Bpiratory organs present in tho lorm of pulmonaty sacs 

Kamily — Thelyphoiiida* {T?ir/ypJutnm (Fig. 51), Ht/poclonus^ 
^(ffnUinnriv), 

Tribe 2. Tartarides. — Small dogonoralc foims with the dorsal 
area of the proHOTim furnished with 1wo shields, a laigci in fiont 



Fio. .'»7 ••m/isi- 

raudatu't, one of tlm Tnr* 
land l*Hdliial]ii. Veiilrnl 
tiew of n feiimle wi(h the 
iii))iendu{(e8 nit nhoit n(*iir 
the liarto. ( 1 , l’i(i*deiiiuiii 
orproMinia, A, nietii*dMrnuiii 
of priMoinu , jmi-tft’ii, fhn 
pne'jJCunital somite , 1 npitth, 
nrstsoiniie of the ojiistho 
soiim; II o/iof/(, eU'Vi'idli 
somite o! the opisthoKOiuu , 
yiff, posL miul IoImi of tlie 
foiiialetconipare the ioint.eil 

lllnmeiit in Tlnluphunu\ 
Fig. .j 4). (Dii'rliwl dmwiii}' 
by Mr Piekaid I'.onliiidjie, 
directed by Mr. l*oco< k ) 


Fio. h uom itn < mi s 

sicaHdahi\ u Taitniid 
IVdipalp Dorsal view 
of a mule witli tin* 
apiieiidages rut siioit 
1 to Vi, the proso- 
ni.itic appendages , n, 
anterior plate, and A, 
IMisterior plate ot the 
]irosoniiitie eampare ; 
jimp-flrrn, trrguiii of tlie 
pne<ffeuital bouiite ; 1 i, 
the oioV('iitli somite ot 
the opistliosoiiiH , jWf 
]M)st>annl lobe of the 
iiiale ~a coineal Isidy 
uitJi narrow Ixisat 
stalk. (Uiigiiial as 
above.) 


covering the anterior foui somites, and a smaller beliind covering 
the 5th and 6th somites ; the lattei gfuierally sulidividod into a 
right and left fiortion ; rarely tliere is a ]»air of narrow sclerites 
interposed betw'een the anterior and ])osierior Bhields. Eyes 
evanescent or abiwnt. Appendages ot‘ 2iid mir folding in a ver- 
tical plane, not chelate, the claw long and movable. Post-anal 
sclerite short and undivided. No distinct respiratory stigmata 
behind the sterna of the Ist and 2ud somites of the opistho- 
scima. 


Family— Habbardiidm {JSchmmuSf Butbardw) (Fira, 57*59). 

Sub-order 5. Amblypy^.— Prosoma wider than long, covered 
above by a single shieia bearing median and lateral eyes, which 
have dij^ostiohoiis ommatea. Sternal area broad, with prosternal, 
two mesostenial, and metostcnial plates, the pratemum pi^jecting 
forwards bsneath the ooxie of the 2nd pair of ap})endaM. Ap|)end- 
ages of 2nd Mir folding in a horizontal plane ; their basal se^onts 
freely movable ; claw free or fused ; basal segments of 4th nm 5th 
pairs widely sej^rated by the stomal aiM ; appendages of 3rd pair 
with all the segments except the proximal three, forming a many- 
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Fici. AO.— .SWt{£om.i(8 cr(Usioa.udaUi8, one of tli« IVUiiialiu lateral \mw of u 
male. II to VI, the prosomatie appendagcM, the first being concealed (see 
Fig. 58) , A, tho liftii, and 11, the eleventh tergitns of the oplsthosoma ; pn, 
tliti conical po8t4inRl lobe. (Original as above.) 

jointed flagellum. Opisthosoma without post-anal sclerite and 
posterior caudal elongation : with frequently a pair of small lobato 
apiiendages on the sternum of tlm 3nl somite. Respiratory orgauR, 
as in IJrotricha. 

Family — Phiynichidie {Phnjniehm, Damon), 

,, Admotidie {Adinetusy Jfcterophryiivs), 

„ Charontidte {Charm ^ Sarax), 

(Family ?) -*(feraplirynuh. 

/tumarAw.— -The Pedipalpi lin* eonihied 1o the tropics and warmer 
temperate regioiiH of hotli nemiRpherps. FoBsil fonns occur in tlie 
Darboniferons The Rniall forme known ae Sehizomns and fftib- 
htfrdia are of R].H*cial interest from a morphological ixiint of view. 
The Pediiialpi have no |)oisoii glands. (Reference to literature (29). ) 

Order 3. Aranew (Figs. 60 to 64). - Prosoma c'overed with 
a single shield and typically furnished with median and lateral 
eyes of diplostichous structure, as in the Amblypygi. Its sternal 
suriacp w'ldo, contimioiisly ehitinized, but witli jirosternal and 



Kio. 60 . — LipioMiUi dcmltnr^ tjcliitNlle, one of the Araneec Mesothelie. Dorsal 
view. I to VI, the proHOuwtic appendages , 4, 5, 6, the fourth, ttfth, and elxth 
teigites of tho r^pistliusouiu. Uetweoii the Iirm'm of the sixth |iair of llmbR 
and behind tho proMoinatlc (larapaco is seen Ih© tergite of tlie small prae- 
gemtal somite. (Original by Pickard -Uaiiibi idge and Pocurk.) 


metastemal elenieats generally distiiiguishablc at tho anterior 
and iKistorior ends respectively of tlie large mesostomum. l^o- 
sternum underlying tho proboscis. Apjieudages of 1st pair have 
two segmeuis, as in Pedifialpi, but are lurnisUed with poison gland, 
and are retroverts. Appendages of 2nd jiair not underlying the 
mouth, but freely movable and, except in primitive forms, for- 
nished witli a maxillary lobe ; tho rest of the limb like the legs, 
tipiied w’itli a single claw and quite unmodifled (except in <?)• 
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Remainiitf pain of apMndages similar in form and function, eacli 
tipped with two or three claws. Opisthosonia when segmented 
showing the same number of somites as in the Pedipalpi ; usually 
unaegmented, the pT»-genital somite oonstrioted to form the waist ; 
the appendi^ of its drd and 4th somites retained as spinning 
mainmillse. Respiratory organs (see Fig. as in the Amblypygi, 

or with the posterior pair, rarely the anterior pair os well, replaced 
by tracheal tubes. Intromittent organ of male in the apical seg- 
ment of the 2nd prosomatio appendage. 

Sub-ordcro. Mesothelse (see Figs. 60 to 62).— Opisthosoma distinctly 
segmented, furnished with 11 tergal plates, as in the Amblypygi"; 
\bti ventral surface of the 1st and 2nd somites with large sternal 

Fig. 6l,-~^IAphiati.us demlUu Ventml 
viaw vrlth the juusoniatiic appendagSM 
cut short excepting the chelicenD (1) 
wliose sharp relroverts are seen. U«*- 
tween the bascti of the prosomatic 
limbs ail antciittr atul a posterior 
sternal jilate (black) are aocn. 1, the 
sternum of the tirst oiUMthoHoinat ii or 
genital somite covering the K*’»ltal 
aperture and the hist )>uii of lutig-sacs. 

In front of it the narrow waist is 
formed by the soltHletnal area of the 
prfle*geuit]il somite ; 2, the stMinitr of 
the second oplsthosomatic somite 
covering the pohtcrior iiair of lung- 
sacs ; S and 4, the spinning apiiendages 
(limbs) of tile o)iisthosoma ; a, limei, 
b, outer nunus of tlie np})eiu1age , 11, 
steriiite oi tiie eleventh Noniite ol tiie 
opistliosoiita. in front of it otliet rudi^ 
meiitary steriiitos , o», anus (( »i fginal 

UH Ull<i\i> ) 

pKites, covering the genital uiKirturc and the two jjairs of puhitonary 
h(U‘S, the sternal plates from the 6th to the 11th soinilcH repre- 
sented by intcguinenlul ridges, Mcakly chitiiiized in the middle. 
'Pile two pairs of spinniiig apisaidages retain their primitive position 
111 the middle of tfie lower sutiace of the opisthosonia far m advaiici* 
(d the anus on the ard and 4ih somites, cocli apiiendage consisting 
of a stout, many- jointed outer branch and a slciidei, unsegmeitled 
inner blanch, l^rosonia as m tlie Mygalomorphie, except that the 
ineHosleriial aim is long and narrow. 

Family — Liphistiidin (Liphistiua, *AHhroLycoaa), 

Sub -01 der h. Of nsthothehe (see Fig. 63 ). -Opisthosonia without trace 
of separate torga and sterna, the segmentation merely represented 
posteriorly by slight integumoiital folds and the steina of the Isi 
and 2nd somites by the opercular plates of the pulmonaty sacs. 
The spinning afitiendages migrate to the fHistenor end of the oj«.s- 
thoBuma aua tolce up a fiosition close to the anus ; the ininT 
iiranphcs of the anterior fiair either atrophy or are repieseiited 
hoinogenetioally bv a jilate, the cribelhmi, oi by an undiMibsl 
uiembianoUH lobe, the eolulus. 

Tube 1. Mvgalomorfihie.— The plane of the articulation of the 
appenda^ of the Ist fiaiv to the niosuiiia (the rotrovert) vertieul, 
tho \miii segment projecting straigiit forwai'ds at its proximal end, 
the distal segment or fang closing backwards in a direction sub 
parallel to the long axis of the bod} T\\ t» imim ot piiliiionui y .sacs. 




PnKtoma I 

•pratjen 1 2 .{ J i 


riQ. 62.— dmdtnT. Lateiui view. I to Vi, apjHMirlagcs ol tin 
proroma cut off at tlie Inmc ; o, oooiar tubercle ; pravi^n, tiie pne-getiital 
somite ; 1 and 2, aternitos of tho llrst ami aeeoiul opiatiioaomailc Noiiiitos , 
8 and 4, appendageB of the third nnd fourth opiNthoBoinatic NumiteM, which 
arc the spinning organs, and in this geims occupy their primitive iiosition 
of migrating to the anal region us in other spiders ; 6, tergite of the 
llfth opisthosumatio somite ; 11, eleventh opisthosoniatic somite , an, aniiH 
(Original.) 

Families — ^Thoraphosidm {Aviculana^ FoacUotheria), Barychelidm 
Plag'Uihothrus). Difiluridm (Diplura, Mctcrothele), 
Ci^itzidm {Ctenisa^ Nemeaia), Atypidee (Aiy^nis, Calominata). 

Tnbe 2. Araohnomorfih®. — ^Tho piano of the articulation of tho 
appendages of the lat pair to tho prosoma horizontal, tho ba 4 sal 
segment projecting vertical^ downwards, at least at its proximal 
end, the distal segment or mng closing inwards nearly or quite at 
right angles to the long axis of tho Ixidy. The fiosterior pulmonary 
saOT (except in Hypoehtlus) replaced by tmeheal tubes ; the anterior 
and posterior pairs refdaced by tracheal tubes iii tlie Caiioiiiidfe. 
Prmcipol families — Hypochilidm (HyjmhUiia), Dysaeridae (i)y®- 
Q9,ponu&A{Capmia/Nops), Fili8tatidse(i^Vi8toto). 
S 1 ^ ™ ( UlobartUf JHnqpia), Argiapidae {NepkUa, 0 a 9 Uracamiha)* 
rholctde {Fhoicua^ Artema), Agelenidae {Tegefmria). Lycosidre 


(Lyeoaa), Olubionidie {.ClubUym, (Him, S^rarassm). (.inaphosidie 
( Q^iAphoM, Bmideaa). Thomisidae ( Tkomiaua), Attida (HaUiem), 
urootehhe ( Urod^a), Knesidae {Stems). 

Smarka on Ute The Spiders arc the most tiumcrous 

and diversified group of the Arardiiiida ; about 2000 siwciea are 
known. No noteworthy fossil spidem ai-o known ; the best fue- 
served are in amber of Oligocene age. Frotolyeosa and Aifhrohf 
COM occur in tho Carboniferous. Morphologically, thosfiidei’s ai«* 



PlO. 68 . — \ tmlral view 
of a mule mygalotiior- 
]ihouB Kpider. I to VI, 
tlip SIX pairs ol prow*- 
niatic up))ciulago8 ; a, 
cDpiilutory ap]»ratii» 
of the secoiui apiiencl- 
age ; 6, pruccHs of tliu 
llfth Joint of the third 
appoiidagH ; M, mouth ; 
pro. piostoriiile of the 
imiMoiim , mes. iiicso- 
steiiiiteul tiie prosoma: 
observH the contact of 
the coxtt of ihn sixtii 
pair of linilm b<‘hiiiii 
it : coiiiiMun Liphisfitts 
(Fig ci) when* this 
msis not occur , 
lung aperture , yu, 
genital B)>orture; o.nntiH 
with a pan* oi back- 
wandly migrated spin- 
mug apis'll* luges ou 
Himb Hins of it . coin 
I»ure tim laxotioji of 
tliRMe ai)|>eiKiageh in 
l.iphistius (I'ig. 61.) 
(From LnnkesUti , ** Ij- 
iiuilus an Aruchniil.") 


remarkable for the conceniiation and 8|)cciali/.ation of tlieir structnve, 
W'hich is accompanied with high physiological ofiicieiiey. The larger 
siiecies of lUrd’s Nest Spiders ( Aviculai iii), the opisthosonia of wlncli 
IK as large as a bantam's egg, undoubtedly attack young birds, and 
M‘Cook gives an account of the cajiture in its web by an ordinai’N 
house Kjnder of a small mouse. The retroveit" or lient-baek 
first pill of appendages is piovidcd with a poison gland ojHMimg on 
the fang oi terminal segment. Spiders form at least tw'o kinds 
ol coiiatruetions — snares for the eaptuie of jirey and nests foi the 
]n-cscrvation of the young The lattei are only formed hy the 
female, whii'h is a hirgei and more jmw'ciful animal tlmn the male. 
Like the sc'orpioiiK the ajiideis liave a speeial tendency to can- 
nibalism, and according]} the male, in approaching the female for 
the purpose of fertilizing her, is liable to he fallen upon and sucked 



Fio. 64. — J.iphlstiuit desulto) Uiidei hi<le of the uplifted genital oi (IrKt 
opiHthoNomatic Huiiiit^' of tlie fiiiimle , i/, giuiiUl apernire , p, pitted plate, 
probabl,> u gland foi the necretioii ot aillicHivc material for the egga; 7, the 
edges of tiie lainell:i* ot tiie lung-hooks ot the tirst pair (Or'ginai dtawing 
by Pocock..) 

dry by the object ol his attentions. The sperm is removed by tlie 
male from the genital ajiciture into a sjiecial rocejitacin on tlic 
terminal segment of the 2ud nrosoiuatie appendage. I'hus held 
out at some distance from the body, it is cautiously advaiicod by 
tho male spider to tho genital aperture of tho female. 

For au account of the conrtshi}) and dancing of spiders, of their 
wobj and floating linos, the reailor is referred to the w'orks of 
McCook (80) and the Pockhams (81), w'hilst an excellent account of 
the nests of trap-door spiders is given by Moggridgo (82). Referonecs 
to systematic woi ks will also ho found at the end of tliis article (83). 

OrdMTO. Pal|iigrEdi-ll[lorothel 7 phonida (see Fig. 65).— Prosoma 
covered above by three plates, a larger representing the dorsal olc' 
monts of the first four somites, and two smaller representing tlic 
dorsal olemoiits of the 6th and 0th. 
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Its Tsntral saifaoe provided with one prostsnud, two meso- 
sternal, and one metastemal plate. AppendaM of Ist pair con* 
sisting of three sogments, completely ohelate, without poison 
gland ; of 2nd pair slender, log-like, tipped with three claws, the 


A B 



Vrmma 

JKw 66.— ifa/iento mirahUUt GraMoi, one of the Palpif^odi. A, ventral view 
of prosoma and of anterior roKlon of oplsthnsoma with the appendages cut 
off near the twHe ; a and 6, prosternites ; v, mesoRternite ; and d, inetaster* 
nite of the proHOina , /, ventral nurftice of the pne*genltal noinite ; jp, 
Htemitoof the genital Romlte (llrst opiRtlioMomath* somite). U, dorsal view. 
I to VI, prosoiuatio appendages ; 1 opudli, genital somite (llrst fiplsthoso* 
inatic Momite). (1, lateral view. I to VI, prosomatic apfKnidages , a, 6, e, 
the three tergal plates of the prosoma , prm-g^n, the pne-genital somite ; 
1 to 10, the ton somites of the oplsthosoma. D, chclicera (Original 
drawing by Pocock and Pickard-Caniuridge, after Hansen and Horcnsen.) 

hasal^ sogmoiit without Ntcruu-ooxal proeess taking no share in 
nu&stioatiou, and widely separated from its fellow of the opposite 
side ; 3rd, 4th, fith, and 6ta appendages similar in form to the 2nd 
and to each other. 

Proboscis free, not supported from below by cither the ])ro8ternum 
or the basal sogmonts of the appendages of tiie 2nd ))ulr. 

Opisthosoma consisting of only ten somites, which have no 
tergal and sternal elements, the prie -genital somite contracted to 
fonn a “waist,” as m the Pedipalpi ; the last three narrowed to 
form a caudal support for tho many-jointod ilagcllifonu telson, as in 
the Urotrioha. Respiratory organs atrophied. 

Family — KoeneniidiP ( ktxnenia). 

JifmarJcB. -An extremely remarkable minute form originally 
described by (vrassi (34) from Bicily, and since further described by 
Hanson (36). Recently the genus has been found in Texas, U.S.A. 
Only one genus of the order is known. 

Oirdar 5. Solifogso^Myoetophom (sec Figs. 66 to 69). — Dorsal 
area of jirosoma covered with three distinct plates, two smaller 
representing the terga of tho .5th and 6th somites, and a larger 
representing those of the anterior four soiniUvi, although the 
reduced tiirga of tho 3rd and 4 th are traceable behind the larger 
plate. Tho latter boai*s a jiair of median eyes and obsolete lateral 
eyes on each side. Sternal elements of prosoma almost entirely 
aWnt, traces of a prosternura and motasternum alone romaiiiing. 
Rostnim free, not supported by cither the prosterniim or the basal 
segments ()f tlio apjienduges. Appeiidap'S of Ist pair largo, 
chelate, bisogrnentea, ariiculatod to tho sides of tho head-shield ; 
apjKmdagosof 2nd pair simple, ]Kiditbrm, with protruBible(f8Uctonal) 
organ, and no claws at tho tip ; thoir basal segments united in 
the middle lino and fiiriiishod with stomo-ooxul process. Remain- 
ing nail’s of amKmdagos witli their basal segments immovably fixed 
to the sternal surface, similar in form, the posterior three pairs 
furnished with two claws supported ou long stalks ; the basal 
segments c)f tlio 6th pair bearing five pans of tactile sensory organs 
or malleoli. The pne-genital somite is suppressed. Opisthosoma 
composed of ton somites. Respiratory organs tracheal, opening 
ii}»on the ventral surfaoe of the 2nd and 3rd, and sometimes also 
of the 4th somite of the onisthosoma. A supplementoiy pair of 
Itachew o)teuiug behind the nasal segment of the 4th appendage of 
the prosoma. 


(I Intromittent oxgan of male lodged on the donal aide of 6he 
Ist pair of proiomatio appendamjk) 

Families-— Hexisopodidfls (jHsssimus). Solpiigid» iMnvm. 
JShagodea). G9leoAi& (Oaleodes). 



Fro. 66.— (IWtMiM, If., 
one of the Boliftig^ 
Ventral view to show 
legs and somltls. 1 
to VI, the six leg- 
bearing somites of 
the prosoma; opiatk 
1, first or genital 
somite of the opis- 
thosoma; 0 », site of 
the genital aper- 
ture ; 9tt thoracic ‘ 
tracheal aperture ; 
(s, anterior traobeel 
amrtare of tho opis- 
thosoma in somite 
2 of the oplathc- 
P, tracheal 


aperture in eomiteS 
of tho opisthosoma ; 
a, anus. (From lam- 
koRter, " Limnlgs an 
Arachnid.") 



Fro. 67.— fikihsodni, ip., one of the 
SolifUgn. Ventral view with 
the appendagoR cut off at the 
base. 1 to VI, prOMomatic 
appenda^res ; s, prosomatlc 
stigma or aperture of the 
tracheal system ; 1, first opis- 
thoHoinatic sttimito covering 
the genital aperture g ; 2, 
seennu opiBthosomatic stcmite 
covering the Recotid pair (»f 
tracheal apertures Rpl ; ip2, the 
third pair of tracheal apertures ; 
10, the tenth opisthosotuatic 
somite ; on, the anal aperture. 
(Original by Pickard-Cambridge 
and Pocock.) 


Fio. 08. — (Soleerfm, cm., one of tho 
Solifbgffi. Dorsal view. 1 to 
VI, baices of the prosomatlc 
appendages ; o, eyes ; a, lateral 
r^on of the cephalic plate to 
which the first pair of append- 
ages are artic’ulated ; 6, cephalic 
plate with iiiedian eye ; r, dor- 
sal element of somites bearing 
third and fourth pairs of ap- 
pendages; (2, second plate of 
the prosoma with fifth mir of 
appendages ; r , third or hinder- 
most plate of tho prosoma 
beneath which the sixth pair 
of legs is articulated; 1, 2, 
9, 10, first, second, ninth, 
and tenth somites of the 
opisthosoma ; as, anus. (l>ri- 
glnal ) 


Jtenutrks. - - These most strange - looking Arachuida ooour in 
warmer temperate, and tropical regions of Asia, Africa, and America. 
Their anatomy has not been studied, as yet, by means of fiwshly- 


I 



ARACHNIDA 


543 


lolled siAteiial, aad u imperfectly known, though the pieeenoe of 
the coxal glanda wae detennined by Maoleod in 1B84. The pro- 
portionately enormoue chelae (ohelicerae) of the first pair of appends^ 
«re not presided with poison glands ; their bite is not venomous. 

Qaleom has been made the means of a comparison between the 
stnaotare of the Arachnids and Hexapod insects by Haeckel and 
other writers, and it was at one time suggested tliat there was a 



^ OplMfhAwmn Prosoma 

Fio. 09.— Oaieodw, m., one of the BollfUgn. 1 to VI, the six prosomatic 
limbs cut short ; o, the oyee ; 6, e, demarcated areie of the c^halic or first 
prosomatlo plate corresponding respectively to appendages I, IJ, III and to 
appendam IV (see Fig. 68); d, second plate of tlie proeonuMsarrying appen- 
dage V; «, third plate of the prosoma^airrying appendage VJ. The pm*, 
genital somite is absent 1, first somite of the opisthosoina ; 2. aeeond do. ; 
8, prosomatic tracheal aperture between Ism IV and V ; 8' and 8*', opletho- 
soinatio tracheal apertures ; 10, Unth opisthoaoraatic eomlte ; an, anus. 
(Original.) 


nairowsd in front ; the appendage^ of Uie 1st pair small, much 
narrower, taken together, than the posterior border of the carapace. 
Semila on movable digit of appendages of Ist imir fixeti through- 
out its length, and broker at its proximal than at its distal end ; 
the immovable digit witii an external process. 

Family—CIheliferid® (Chelifer (Figs. 66, 67, 68), Chiridium) 

„ Garypidm (Garypus). 

Sub-order b. Hemictenodactvli. —Dorsal plate of piosomascarooly 
narrowed in firout ; the apimnoagea of the Ist pair large, not much 
narrower, taken together, than the posterior bolder of the oara- 


o nrai-grti 12 3 



Prosoma OpistKosoma 

Fio. T2.'-^aTypus hi&ralis, one of the PseudoBcorpiones. Ijuteral view. 
1 to VI, hftsal Hegmento of the six proMomatic aitpendageM ; o, eyes ; prn^gfn, 
tergiie of the pne-geuital aonnto ; 1, genital or tintt opiathoMomatic sonato ; 
2, B, 10, the second , third, and tenth HOTnitea of the opietliosuma ; 11, the 
minute eleventh somite ; an, the anus (Original ) 


genetic affinity between the two groups “—through Galoodes, or 
extinct forms similar to it. The segmentation of tlio piosoma and 
the form of the appendages bear a homoplastic similarity to the 
head, pro-, meso-, and meta-thorax of a Hexapod with mandibles, 
maxillary palps and three pairs of walking legs; whilst the 
opisthosoma agrees in form and number of somites with the ab- 
domen of a Hexapod, and the tracheal stigmata present certain 
agreements in the two oases. Reference to literature (86). 

Order 6. PaendcBCorpicw = Chalonethi, also called Ghomotidia 
(see Figs. 70, 71, 72).— Prosoma covered by a single dorsal shield, at 
most furnish^ with one or two diplostiohous lateral eyes ; sternal 
elements obliterated or almost obliterated. Appendages of the Ist 
mir bisegmented completely chelate, furnished with peculiar organs, 
the serrula and th® lamina. Appendages of 2nd pair very large and 
completely chelate, their basal segments meeting in the middle line. 



Flo. 70 . — Garypus litnmlis, c)ii« nf tlio 
PseudoBcorpiones. Ventral view. ItoVl. 
prosomatic appendages ; o, Bteriio-coxal 
process of tne basal segment of the 
second appandoge ; 1, stemite of the 
Kcnltal or first opisthosomatic somit-e ; 
the prai-genital somite, though repre- 
sented by a tergnm, has no separate 
sternal plate ; 2 and 8, stemites of the 
second and third somites of the oplstho- 
soma, each showing a tracheal stigma ; 
10 and 11, sternltes of the tenth and 
oleventh Homitos of the opisthosoma ; 
an, anus. (Original by Focock and 
riukard-Cambridge.) 



Fio. 7L — Oarj/pus lUoralis, one of 
the Psoudoscorplones. Dorsal 
view. I to VI, the prosomatic 
appendages; o, eyes; prcp-gm^ 
prtp-ganital somite ; 1, iergitoof 
the genital or first, opisthoso- 
malic somite ; 10, ierglte of the 
tenth somite of tlie opisthosoma; 
11, the evanescent eleventh 
somite of the opisthosoma ; an, 
anus. (Original.) 


as In the Urimygi, and provided in front with membranous lip-liko 
proeesBes underlying the proboscis. Appendages of the 8rd, 4th, 
6th, and 6th jiairs similar in form and mnetion, tipjied with two 
claws, their mal segments in contact in the median ventral line. 
The prm-genitol somite wide, not constricted, with large tergal 
])lat6, but with its stomal plate small or inconspicuous. Opis- 
thosoma composed, at least m many cases, of eleven somites, the 
nth so^te ve^ small, often hidden within the 10th. Respiratory 
oigans in the form of tracheal tubes opening by a pair of stigmata 
in the 2nd and 8rd somites of the opisthoaoma. Intromittent 
organ of male beneath sternum of the 1st somite of the opisthosoma. 

Sub-order a. Panotenodaotyli.— Dorsal plate of prosoma (carapace) 


jrncc. The serrula or the movable dimt fice at its distal end, 
narrowed at the base ; no external laniiiia on tin; uiirnovablo 
digit. 

Family — Obisiidas {Obtsiumy Parudobmum). 

,, Chthoniidm {ClUhmiiuSf Tridenchihimiua). 

Remarka , — The Book-scorjiions— so called beiviuse they were, in 
old times, found not uiiftrequontly in libraries are found in rotten 
uood and under stones. The Biinilarity of the fonn of their ap- 

J iendages to those of the scorpions suggests that they are a 
legenerate group derived from the latter, but the large sixo of the 
pne-genital somite in them would indicate a connexion with forms 
preceding the scorpions. Reference to hteratuie (37). 

Order 7. Podogona^Meridogastra. (see Figs. 73 to 76).— Dorsid 
area of prosoma fumished with two shields, a larger behind repn*- 
sentiug, probably, the tergal elements of the somiieK, and a smiuler 
in front, which is freely articulated to the lonner and folds over the 


iir 



P'li. 73 -Cryptoslenma 
Karschit^ one of tlie 
Podogoim. Donuii 
view of male, cii- 
largud five times 
linear III to Vf, 
th** third, fourth, 
fifth, and sixth ap- 
ricndagcs ol the pro- 
sonta , a, movable 
(hinged) sclmti* (so. 
called hood) over- 
hanging the first 
iiair ol apiMindogfM , 
6, fiiscd utrga of the 
prosoma followod h> 
C an the opisthosoma of 

lour Bomitss; an, anus; K, extremity of the flftli apl^iendago of the male 
modified to subserve copulation. (Original drawing by Vcwock and Pickard- 
Cambridge.) 


appeiidagoB of the Ist pair. Ventral ai ea without dibtinct stomal 
platoB. Appendages of Ist jiair, tri-segincutod, completely chelate. 
Appendages of 2ud pair, with their basal segments uniting in the 
imadle lino below the moulh, weakly chelate at a)HiX. Append- 
ages of 3rd, 4th, 5th, and 6th pairs similar m form ; their basiil 
segments in contact in the mmdle lino and immovably wold^, 
except those of the 3rd pair, which have been pushed aside 
so tnat the bases of the 2ud and 4th pairs are m contact with 
each other. A movable membranous joint between the prosoma 
and th© opisthosoma, tlio generative aprtiiro opning u]>on tho 

IV 111 I 

Fki. 74. — CryptosUmma KaistJm 
Hiilciior aspect of the prosoma 
w itli tho ‘ ‘ hood ’’ removed. 1 to IV, 
liist 1.0 fourth apiiendagcs of tlie 
prosoma , a, basal segment of the 
sec‘oiid pair at aiipt^iidages mmiting 
itj* fellow ill tho tiiidale line (sen 
Kig. 75) (f)riginal dnawing by 
J^ocock and Picard Cambridge.) 

11 a 

ventral side of tho membrano. Piie-geinUl somite siipprossod ; ttn* 
opisthoboina consisting of only four visiblo sonutoH, in addition 
to a tubular ring round tho anal orifice. Riwpiratory organs 
unknown. Intromittent oigati of male placed at tho distal end of 
the appendage of the 6th pair. ^ , 

Family— Cryptostommidaj {Cryptostemma) {*Anthraco7narlus) 
Carboni/orous. 

Remarks m the Pofogowa.— Tho name given to this small but 
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remarkable group ban reference to the position of the male intro- 



D. ■'•CrjiptoidiiiAnM KarvuMi, 
of the Podottona. V«iu 



Exirutuiiy of the 
fifth iwlr of ap. 
ueiiilaKes of the 
fuiimle for com* 
Iiaiiciou with that 
of the male K in 
Fi«. 73 


Plo.7fi."-rrj/j 
one of the Podotfona. 
tral view, 1 to VI, the aU 
pairs of appendages of the 
proMotna, tiie last three cut 
short; 1, 2, 3, 4 , the four 
somites of the opisthosoma ; 
a, hood overhaiKfiiig the first 
T*alr of appendages ; \ position 
of the genital orifice ; c, part 
of 8rd apfiendage; d, fourth 
segment of 2nd appendage. 
Observe that the Isuial aeg- 
ment of appendage III doee 
not meet its fellow in the 
middle line (Original dniH> 
ing by Poeock and Pickard- 
Cambridge.) 


niittciit organ (Kig. 7y, Kj. They are small degonoratr animals 
witii a relatively hrm integument. Not mure 
tliaii lour HpocioB and twiee that number of 
sfiecimens are known. They have been found 
HI West Africa, and South America. A fact of 
Hjiceiiil interest in regarri to them is that the 
gemus Authracoiuartus, from the Coni MeasuruK, 
apprai'K to Iw a membei of the same group. Tin* 
name Cryptostomma, given to the tirst-known 
genus of tlio onler, described by Gn6riu-M^nc- 
\ille, refers to the supposed cotieealinent of the 
ryes by tin* movable eepbalic sclerite. KelVrcnco 
to hteiatiire (88). Fui 7i» - c'/ypf« 

Order 8. OpiUonae (see Fig. 77;, Doisal area Karatkii 

of proBoma covered by a single shield Is %ring a 
)iair of median (‘yes, or one or two pairs of lateral 
eyes, flternal elements unn li reduced. Apiiend- 
ages of 1st iMiir large, throo se.gmentf*d, and com- 
pli3tely chelate ; of 2rid |iaii either simple and 
|Msliforni, or juehensiU* and snbclielate ; of re- 
maining four ]>airH, siiiiilai in form, ambulatory in function. 
.Mouth lying far bimk, tbo basal segment of the 2iid, 3rd, and 
Nonietimes of the 4th |ianH of apjx$nduges fuinislied with sterno- 
coxal (maxillary) lolm. Opisthosoma confluent thioughout its 
bnnidth 11 V ith tlie prosoina, imHi the domil plate of which its 
anterior tergal plates arc nioiv or less con fluent ; nine opisthosomatie 
somites trueeahle ; the generative aperture ,thruHt far forwards be- 
tween the basal segments of the 6th oi rith and 6th apjicndagcs. 
Pnu.gonitttl Homiti* suppressed. Kespiiatory oigans, tracheal open- 
ing by a )Niir of stigiiiafa situated immediately behind the basal 
hegments of tlio 6th ]iair of u])])cndages on what is probably the 
hteriium of the 3nl o))isthosomatie somite, and also in some eases 
upon the Tdli segment of the legs. 

Intromitteiit organ of male lying witbiu the genital ontiee. 

Sub-oixler a, Laniatorcs — The urea between the mouth below 
und the basal segments of tlie upjHUidages of the 1st ])air abcjvo 
occu]»ied by two un]iaired skeletal ]»icces, X\\o i'Jypcus Aivilahrum, 
Sternal area of prosoma occupie<l by a relatively long and very 
narrow selorito, uotii]Mj8ed of iirosteriial and motasternal elements, 
and lying between the coxm of the imj^iendages of the fJth pair, and 
mteriiosuig between the mouth and genciative ontiee ; the latter 
lodged between the basal segments of the apjienduges of the 
6tli piii. ApiM'iidages of 2iid ]iair strong, generally spiny, and 
armed with a jiowerful claw. Appendages of 3ni and 4tfi pairs 
armed w ith a single claw ; those of 6th and 6th with two claws. 
Sterno-coxal process of 3rd }iair of ap])eiidagos coalcs(;ed with the 
basal segment ; that of the 4th jiair not or scarcely devclojMjd. 

Princiiial families — Gonylentidie {Oonyleptcs, Oonimoimi). 

Ihaiituifc {JiifiiUes). 

JCliedanidre (EpcdamiSj Jerobunvs). 

Assamiidio (/liwawirt, Pygoplm), 

Oncopodidffi (Oncopus, PelUnus). 

Oosmetidte {Cosnnftm), 

Sub-oider h. Pahiatoroa.' 'Resouihliitg the Laniutoros, but ivith 
the sternal aiea of prosoma very short, the motasternal sclerito 
represented by a short transverse plate more or less overlap|ied 
by the forwaraly-pi-ojectmg sternal element of the opisthosoma 
tiiat covers the genital orifice and intorv'enes between the btwal 
segments of the ap(>ondagcs of the 6th and 6th pairs. The ^iiilal 
orifice thus litni far forwards, close behind the mouth and on a 
level with the s{)aco lietwoen the basal segments of the appendages 
of the 6th pair. ApXMindages of 2ud pair small, weak, in no sense 
prehensile, unspinea, the claw weak or absent ; the 3rd-6th pairs 
of apiiendages armed with a single claw. Sterno-coxal pi'ocoss of 
3rd apftcndage movably arliciilatod ; a similar lolie generally present 
on Itosal fM^gment of 4th ap{K>ndage. 

Princixial families —Plmlangudae (Phalangiuw.^ Lichtmun), 

Nomastomidffi (Nemaattmxa^ Isckyropialia), 
Tiogulidje ( TrogiihMf Anelasmoetiphalus), 



Sub-order c. Anepignathi. — Basal segments of appendages of 2nd 
pair meetiim in the middle line serosa the area tW lies between 
the mouth below and the basal segments of the appendages of the 
Ist pair above, to the jiartial or total exclusion of the unpaired 
skeletal pieces, known as the ol 3 rpeu 8 and labriim. Genital orifice 
lying between the basal segments of the appendages of the 6th paii, 
and separated from the mouth by a relatively long space occupied 
by the inner extremities of the basal segments of the 8rd, 4th, 

Fio. ttu- 

vuUraniu, oiio of tha 
OpilioiiMi ; after Thn. 
roll. Btilaix^. A,« 
(loival view ; I to VI, 
the Blx yrugomatic ap- 
pendages; B, ventral 
vien' of the prosoina 
and of the Unit somite 
of the opisthosoma, 
with the appendages 
I to VI cut off at th« 
iNue ; a, tracheal 
stigma ; nue, inaxilhto' 
processes of the euxu' 
of the third pair of ai>- 
pendages ; h, genital 
aperture. (;, ventral 
surface of the probonia 
and opisthosoma; rr, 
i rauheol stigma ; h. 
last somite, li, ititerul 
view of the flrst anti 
siHSond pair of appemi- 
ages. E, lateral \ lew 
of the whole Isxlv and 
two flrst appendages, 
showing the fusion of 
the dorsal elmiioiits of 
the pnisomu into a 
single plate, and of 
tiiose nf tile opisthosoma into an imperfectly segmeuteti plate continurms 
with that of tlie pronoma 

6tli, and 0th laiim of upiwiidages, the sternal scleritcs being ovan- 
cHcent. Apjiondages of 2nd-6th x>airs short und strong, furnished 
with a single claw. 

Family — Cyx>hophthalniid(c {Cgj^hophUtalmus, StylocelhiSt Pd- 
taliia), 

llevMrka m the OpUhnes, —These* include the Harvest - men, 
sometimes called also Daddy-loiig-logs, with round undivided bo<bes 
and very long, easily-detached legs. The iiitromittent organs of 
the male are remarkable for their complexity and clalioration. The 
confluence of the regions of the body and the dislocation of ap(*r- 
turos from their tyjucal position aro icsiilts oi degeneration. The 
Opiliones seem to lead on from the Hpidcra to the Mites. Refercm e 
to literature (39). 

Order 9. Bhynchostomi Acnri (see Fig. 78). — Degenerate 
Anudiuids resembling the Ox>iliones iti many structural x>uiuts, 
but chiefly distinguishable from them by the following features : 
The basal' segments of the apjamdagos of the 2nd piir are united in 
the middle lino Imhind the mouth ; those of the 3nl, 4th, 6th, and 
6th i»airs are widely separated and not jirovidcd with sterno-coxul 
(maxillary) lobes, and take no share in mastication ; the respiratory 
stigmata, when present, belong to the xirosoma, and the primitive 
Bugmentatiou of the opisthosoma has entiroly or almost entirely 
disappeared. 

Sub-order a. Crypi-osUgmata . — Iiitegumcut hard, strengthenoci 
by a ooiitinuously chitinized dorsal and ventral sclerito. Trachefi* 
typically opening by stigmata situated in the articular sockets 
(acetabula) of the 3ra, 4th, 6th, and 6th purs of apjiondu^. 

Family — Oribatidue (Oribata,^ Nothttis^ ffqpcophora). 
Sub-order 6. Metastiimatu . — Integument mostly like that of the 
Cryptostigmata. Trachote c)|iening h^ a ])air of stigmata situated 
above and behind the hose of the 4th or 6th or 6th pair ol 
appendages. 

Families — Gamosidie {Gamasus, PUroptm), 

Argasidse { Argos f Oniithoaoros). 

Ixodidie {Ixodes, Phipicephalus), 

Sub-order e, ProstigmeUa . — Integument soft, stren^hened by 
siMicial sclcrites, those on the ventral surface of the prosoma 
apparently representing tlie basal segments of the legs embraded in 
the skin. Ttachofle, except in the aquatic s^iecieB in which they 
are atrophied, opining by a {lair of stigmata situated close to or 
above the base of the appendages of the Ist pair (mandibles). 

Families — ^Trombidiidfc ( Trondfidium, Tetrunychus), 
Hydrachtiidie {Hydraxhna, Atax), 

Halacaridai {Ifnlacama, Leptognathiis). 

Bdolhdie {Bdclla, Eupodes), 

Sub-oixler d. Asiigmaia, — Degenerate, mostly parasitic forms 
a]»proaching the Prostigmata in the development of intogumeutal 
Bcleritos and the softness of the skin, but w ith the resinratory 
system absent. 

Families— TyroglypliidiB {Tyroglyphus, PJthoglyphus). 
Sareoptidie {Sarcoptes, Analges), 

Sub-order r. Vermiformin. — Degenerate atracheaie parasitic 
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forms with the bodv produced posteriorly into an annulated caudal 
prolongation, and the 8rd, 4th, 5th, and 0th pairs of appendages 
short and only three-jointed. 

Fanmy — Demodioidce (Dtmodex). 

Sub-order /. Tttrajfada , — Degenerate atracheate gall-mites, in 
which the body is produced posteriorly and annulated, as in 
DemodeXf but in which the appendages of the 3rd and 4th 
pairs are long and normally segmented, and those of the 5th 
and 6th pairs entire^ absent. 

Family— Eriophyidae {Eriophyeif Phyllocoptes), 

Befmrks on tne Jihynohoatomi . — ^The Acari include a number of 
• forms which are of importance and special interest on account of 
their parasitic habits. The ticks (Ixodes) are not only hgurious 
as blood-suckers, but are now credited with carrying the germs 
of Texas cattle-fever, just as mosquitoes carry those of m^aria. 



Fio. 78 .— nUidUnimutt one of the Acsrl; after Tliorell. Eu- 
laired fifteen times linear. A, lateral view with appeudagos III to VI 
retitovod ; 1, plate coveriiiiK the whole dorsal area, representing the fused 
tergal Bclerites of the prosoma and onisthasoraa ; 2, similarly-fornied vential 
plate; 8, tracheal stigma. B, dorsal view of the same animal; II to VI, 
second to sixth pairs of appendages. The first pair of appendages both in 
this and lii 0 are retracted. 0, ventral view of the same ; 11 to VI as in B; 
a, genital orifice ; b, anus , e, united basal segments of the second pair of 
appendages ; d, baml segment of the sixth prosoinatie impendage of the 
right side. The rest of the ajifsmdage, as also of app lu, IV, and V, has 
been cut away. (Original drawing by Focock and Pickanl-Canibridge.) 

Tlic itoh-insoct (J^arcoptca scabiei) is a well-knowu human mrasite, 
so niiuuto that it was uot discovered until the end of the 
18th century, and *Hhe itch” was treated medicinally as a rash. 
The female bun*ow8 in the enideniiis much as the female Trap-door 
Spider burrows in turf in order to make a nest in which to rear her 
young. Tho male docs not Ininxiw, but wanders freely on the 
surface of the skin. Demodex foUiculoruin is also a common 
parasite of tho sebaceous glduds of the skin of the face in man, and 
IS frequent in the skin of the dog. Many Acan are parasitic on 
marine and freshwater molluscs, and others arc found on the 
feathers of birds and the hair of inanimals. Othci's have a special 
faculty of consuming dry, powdery vegetable and animal refuse, and 
are liable to multiply in manufactured products of this nature, 
such as mouldy cheese. A species of Acarus is recorded as infesting 
a store of ]K)wdered strychnino and feeding on tliat drug, so 
poisonous to larger orgaiiisms. Reference to literature (40). 

Authokitieh cited by numbers in tlie text. — 1. Straub - 
Dukkhetm (as reimrted by MM. Riester and Sanson in an 
appendix to tho sixth volume of the French translation of 
Nlcckel’s Anatomy, 1 829). —3. Lankes ter. ‘ * Limulus an Arach - 
iiid,” Quart, Jowm, Micr. Sd. vol. xxi. N.S. 1881. — 3. 
Idem. **Ou the Skelctotrophic Tissues of Limulus, Scorpio, and 
Mygale,” Quart, Jmm, Micr, Sci. vol. xxiv. N.S. 1884. — 4. 
Idem, Trans, Zool, Soe, vol. xi. 1883. — 0. Lakkester and 
Bourne. “Byes of Limulus and Scorpio,” Quart, Joum. Micr, 
Sci, vol. xxiii. N.S. Jan. 1883. —6. MiLNE - Edwards, A. 
“Reoherches sur Tanatomie des Limules,” Ann, Sci, Nat. 5th 
scries, Zoologie, vol. xvii. 3878.-7. Owen, Richard. “Anatomy 
of the King-Crab,” Trans, Linn, Sue, Land, vol. xxviii. 1872. — 
8. Kishinoute. ** Dovolopmont oiLiinulus longispina,** Journal 
of the Soimee College of Japan, vol. v. 1892. — 9. Brauer. “De- 
velopment of Scorpion,” Zeitschrift fUr wise, Zoologie, vol. lix. 
1895. — 10. Hansen. “Organs and Characters in Diiferont 
Oi-ders of Araohnida,” ErUomol, Msddel, vol. iv. pp. 187-149, 
—11. Watasb. “On the Morphology of tho Com{>ound Eyes 
of Arthropods,” Studies from the Btolog, Lab, Johns Hopkins 
C^versity, vol. iv. pp. 287 - 334. — 13. Newport, George. 
“Nervous and Circulatory Systems in Myriapoda and Macrourous 
Arachnids,” Phil, Trans, Roy, Soc, 1848. —18. Lankester. 

Coxal Glands of Limulus, Scorpio, and Mygale,” Quart, Joum, 


Micr, Sd. vol. xxiv. N.S. 1884.— 18 a. Patten and Hazrn. 
“Development of the Coxal Glands of Limulus,’' Journ, of 
Morphology, vol. xvi. 1900. — 18 b. Bernard. “Coxal Glands of 
Scorpio,” Ann, ai\d Mag, Nod, Hist, vol. xii 1893, p. 55. — 14. 
Bbmham. “Testis of Limulus,” Trans, L%nn. Soc, 1882.— 16. 
Lankester. “Mobility of the Spermatozoa of Limulus," Quart, 
Joum, Micr, Sd, vol. xviii. N.S. 1878.-16. Kor8(’iielt and 
Hexdbr. Entwiekelungsgesehichte, Jena, 1892. Ibique citata, — 
17. Laurie. “The JBknoryology of a Scorpion,” Q^rt, Journ, 
Micr, Sd, vol. xxxi. N.S. 1890, and “On Development of Scorpio 
fulvipes," ibid, vol. xxxii. 1891.— 18. Lankester (Iloinoplus} 
and Honiogony). “On the Use of tlie term Homolo^ in Modem 
Zoology,” An7i, and M^. Nat, Hist, 1870. — 19. Idem “ De 
generation, a Chapter in Darwinism,” 1878, reprinted in tho 
Advancement of Stic nee, Macmillan, 1890. — 30. Idem. “Limulus 
an Arachnid,’* Q, J, Micr. Sci, vol. xxi. N.S. — 31. Claus. 
“ Defj^eneration ot the Acari and Clussiticatiou ot Arthrojuxla, ” 
Anzeiger d, k, k, Akm/, Hessen, Wien, 1885 ; see also Aim, 
and Mag, Nat, Hist, (5) vol. xvii. 1886, p. 364, and vol. xix. p. 
225. — 83. Lindhtkom, O. “Researches on tho Visual Organs oi 
the Trilobitos,” K, Svenska Vet, Akad. Handl, xxxiv. No. 8, pp. 
1-86, Pis. i.-vi. 1901. — 33*. Zittel. American edition of his Pcuce- 
ontology (the Maemillau Co., New York), where ample references 
to tho literature of Trilobito and Euryptini will be found , also 
references to literature of fossil Scorpion.s and Spiders. — 38. Hoek. 
“Rei^ort on the Pycuogonida," Challenger Expedition Repoiis, 
1881. — Meinert. “ Pycuogonida of the Danish lugolfExpedition,” 
vol. iii. 1899 . — Morgan. “ Embryology and Piiylogeiiy ot tbe 
Pycnogomds,” Biol, Lab, Balttmon. vol. v. 1891. — 34. Bournk, 
A. G. “The Reputed Suicide of tho Scorpion,” Proc, 
Roy. Soe, vol. xlii. pp. 17-22. — 35. Lankesier. “Notes on 
some Habits of Scorpions,” Journ Linn. Soc. Zool. \oi. xvi 
p. 455, 1882. — 36. Huxley. “Pharynx of Scorpion,” Quart. 
Joum. Micr, Sci. vol. vin. (old series) 1860, p. 260, — 
37. PocooK. “How and Why Scorpions hiss,” Natural 
Science, vol. ix. 1896. Cf. idem, “ Stridiilating Organs of 
Spiders,” Ann, and Mag. Nat. Hist, (6), xvi. pp. 230*233.— 38 
Kkaepolin. Das Thierrexch {Scorpimies cl Pedtpal^), Berlin, 
1899 . — Peters. “Emu none Eintheiluug dei Skorpione,” Mon 
Akad. IViss. Berlin, 1861. — Poroi^K. “Classification oi Scorpions,’ 
Ann,andMag. Nat. Hist. (6) xu. 1893. — THoiiELi.and Lindstrom. 
“On a Silurian Scorpion,” Svens. Vet, Akad, Handl. xxi. No 

9, 1886. — 39. Cambridue, 0. P. “A New Family (Tartandcs) and 
Genus of Tholyphouidt^a,” Ann. and Mag. Nat. Hist, (4) x. 1872, 
I». 413 . — Cook. “IJubbardiu, a New Genus of Pedipalpi,” 

Proc. Entom. Soc, Washington, vol. iv. 1899 . — Krakfolin. Das 
Thierreich, Berlin, 1899 . — Thurell. “ Tartandcs, Ac.” 

Mus, Genova, vol. xxvii. 1889.-80. M'Cook. Amenean Spiders 
and their Spinning Work, 3 vols. Philadelphia, 1889-93. *81. 
Peokham. “On Se.xiial Selection in Spideib,” ihramonal 
Papers NcU, Hist. Soc. Wisconsin, vol. i. pp. 1-113, 1889 — 32 
Muguridqe. Hunting Ants and Trap-Door Spiders, 1873.— 33 
Bertkau. Arch, f. Naturgesch, \o\, xlviii. pp. 316-62.— /rfcwi 
Same journal, 1875, p. 235, and 1878, p. 351. — Cambridue, 0. 1* 
“Arauoidea” in Bwlogia Centr. Anirricana, vols. i. and ii. 
London, 1899. — Kevseklinq. Spinnen Amenkas. Niirnberg, 
1 880-92.— PocooK. * ‘ Liphistius and the Cla.shificaUon of Spiders, ” 
Ann. and Mag, Nat. Hist, (6) x. 1892. — Simon. Hist. nat. dei 
Araignics, vols. i. and li. 1892, 1897.— Wagner. “L’lndustru* 
des Araueina,” Miim. Acad. St. Piteishourg. — Idem. “ l.a miie 
des Araigneos,” Ann, Sti. Nat. vol, vi. — 84. Grassi. “Intorno 
ad un uuovo Aracnide artrogastro {Kmema mirabilis), Ac.” Boll. 
Soe. Enl. Ital. vol. xviii. 1886.— 36. Hansen and Sorensen. 
“Tho Order Palpigradi, Tliorell {Ktenenia), and its Relationships 
with other Aracliuida,” Ent, Tidskr. vol. xviii. pp. 233-240, 
1898, — Krakpolin, Das Thierreich, Berlin, 1901. — 36. Bernard. 
“Compar. MorphoL of the Galcodidee,” Trans. Linn, Soc. Zool, 
vol. VI. 1896, ibviue cituta. — Dr four. “Galeodes,” Mim. pris. 
Acad, Sd, Paris, vol, xvii. 1862. — Krakpolin. Dus Thierreich. 
Berlin, 1901. — PooooK. “Taxonomy of Solifugae,” Ann. and 
Mag. Nat. Hist. vol. xx.— 37. Balzam. “ Voyage au Vonoznela 
(Psoudoscorpioues),” Ann, Soc, Entom, France, 1891, pp. 497-522. 
— 88. Guerin -Meneville. Rev. Zool. 1838, p- 11. — Kaumcii. 
“Uober Ciyptostemuia Ouoi.” Bei liner Entom. Zeitschrift, 
xxxviu. pp. 25-32, 1892.-'Tuorrll. “On an ajiparently now 
Arachnid belonging to the family Gryptostcmmula:* Westv, 
Bihang Svenska Vet. Akad. Handligar, vol. xvii. No. 9, 1892. 
—89. Sorensen. ^*Opil%ones lanuitores,” Nat. Tidskr, (3) 
vol. xiv. 1884.— Thouell. “Opilioni,” Ann. Mus. Genova, 
vol. riii. 1876.-40. Beulese. “Acari, Ac., in Italia ropcrti.” 
Padova, 1892.— Can ESTRONI. Acarofauna Italiana. Padova, 
1885. — Canestuoni and Kramer. “ DumodicidaB and Sar- 
coptidas” in 77ricrre4(7i. Berlin, 1899. — Michael. “British 
Oribatid©,” Ray Soc.— Idem. “Oribatida*” in Das Thierreich. 
Berlin, 1898.— /dm. “Progress and Present State of Know- 
ledge of Acari,” Joum. Roy. Mur. Soe. 1891. — Nalepa. 
“Pliytoptid©,” Das Thierreich, lierlin, 1898.— TitouEssARr. 
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^‘ClasflificatioQ dcs Acarions/* Jiev, <S'ei. Nai, de Vouest^ y, 289, * 
1892. — Wagkeh. EnihriM^al JihUwick, von Ixodes, St. Petors- 
burff, 1893,— 41 . Bkrtkaij. ‘ * Coxaldnisezi der Arachnideu,*’ 
S%t3t, N'lederl, Oesellseh, 1886. — 42 . Fatten. “ Brain and Seuao 
Organa of Liniulua,*’ Qnari, Journ, Mie, Set, vol. xxxv. 1894 : see 
also Ilia Origin of Vei-tebratea from Arachnids," vol. xxxi. 
AutAioritiei not cited by numbers in the text : — 

Lung-books. — Bkrtkaux. ^^Leiioumon dea Arachnides," 2a 
Celluh, vol. V. 1891.— Jawauowski. “Die Kntwick. d. sageun. 
Lunge bci der Arachnideii," Zeitsch, wiss, Zool, vol. Iviii. 1894. 
— MAr;LEon. “ Kecherclies aur la structure ct la aiguilication de 
l'a[»i»areil respiratoirc des Arachnides," Arch, Jiwlogie^ vol. v. 
1884.— Soil NEiiiKii, A. “ Melanges Arachnologiqiiea," in Tablettes 
ZoohHji(jue$j vol. ii. p. 135, 1892. — Simmons. “Development of 
Lung in Sniders," Amer, Journ, ScUneef vol. xlviii. 1894. Coxal 
glands Beutkau. “ Ueber die Coxaldruseu dor Araelmiden," 
SItzh. d, Nirderl, Oesellseh, 1886. — Loman. “Altes iiud neuoa 
ul»er das Nenbridiiitn (die Coxaldnise) der Araclimdcii," Byd. tot 
de iJitrk unae, yo\, xiv. 1887. — Maci.eod. “ Olande eoxale chez 
bw (iiiluodea," Bull, Acad, Bely, (3) vol. viii. 1884.-- Pelkbneer. 

“ On the Coxal Glands of Mygale," Proc, Zool, Soc. IBSft . — Towxii. 
“Thu External Opening of the brick -red Glands rif Limulus," 
Zool. Anzetger, vol. xviii. p. 471, 1896. Entostemite — S ohim- 
K KwiTsoii . ' ‘ Ban und Eiitwick. dea Endosternitea der Aracliniden," 
Zool. Jahrb, Anal, Abtheil, vol. viii. 1894. Embryology: — 
llALFouJt. “ Development of the Araneiua," Q. J. After. Sn. vol. 
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’ XX. 1880.— Kingsley. “The Embryology of Limulus," Joum, 
Morphology t vols. vii. and viii. — K ishinouye. “Development of 
Araueina," Joum, Coll, Sci, Univ, of Japan^ vol. iv. 1890. 
— Locy. “ Development of Agelena," Bull, Mus, Harvard^ vol. 
xii. 1886. — Mxtscunikoff. “Embryologie d. Scorpion," Zeit, 
wiss, Zool, vol. xxi. 1871.— /dm. “Embryol. Ghelifer,^\iSreiL wiss, 
Zool, vol. xxi. 1871.— ScaiMKEWiTscH. “ D4v^loppement des 
Araign^es," Archives d, Bwlogie^ vol. vi. 1887. Sonss oripas : 
— Bektkaxt. “ Sinuesorgane der Spinnen," Ar^, /. mikros. 
Anat, vol. xxvii. p. 589, 1886. — Guabek. “ Unicorneale 
Tracheaten Auge," Arch, f. mikr, Anat, vol. xvii. 1879. — 
GiiEMArHEB. Gebororgane der Arthropoden. Gottingen, 1879.' 
KisitiNorYE. “Ijateral Eyes of l^iders." Zool, Anz, vol. xiv. 
p. 381, 1891. — PuuoELL. “Phalangiden Augen," Zool, 

Anzeiger, vol. xv. p. 461. 

General worke on Arachnida Blanghaud. ' * Lcs Arachnides " 
in V organisation du rlgne animal, — Gaubekt. “Eeclierohes 
Kiir les Arachnides." Ann, Sei. Nat, (7) vol. xiii. 1892. — Kocu, 
C. Die Araehnident 16 vols. Nurnberg, 1881 to 1848. — Kooh, 
KFA*B£iiLiNO, and Sorensen. Die Arachniden Austrahen, 
Kurnberg, 1871-90. — Pooock. Arachnida of British India, 
London, 1900. — Idem. “On African Arachnida," in Proe. Zool, Soe, 
and Ann, and Mag, Nat. Hist. 1897-1900.— Simon. Les Arach- 
Hides de la Prance, 7 vols. Pans, 1874-81. — Thouell. “ Aroch 
nida from the Oriental Region," Ann. Mus. Genova, 1877-99. 

(e. R. L.) 


Ara.€lp Oldf a municijial town of Hungary, on the 
river Maros, 145 miles H.Pl of Budaiiest ; capital of the 
county of Arad ; a wrll-ctjuipjied modern town, with a 
considerable trade, including a large <iistillery. After the 
surrender of Gorgey at Vildgos, the thirteen cayitured 
Hungarian generals wore here put to death. A statue 
■of liberty has been erected to their memory, and the 
anniversary of their deatli is annually celebrated with 
great solemnities. There is a museum composed of relics 
of the war of national independence of 1H4S-49. Popu- 
lation in 1901, 55,987 ; of the neighbouring village of 
New Arad, G044. 

Araffuay, River. See Amaeon. 

Arakan. — This division of Lower Burma on the 
t»astern sisaboard of tins Bay of Bengal continues to be 
divided into tour districts — Akyab, Northern Arakan Hill 
Tracts, Sandoway, and Kyaukpyu, wliicli name has been 
substituted for tlie older llamri. Its area is 1 8,540 square 
miles, and the pojuilation in 1891 was 673,190. The 
population at the time of its annexation in 1 826 did not 
exceed 100,000. In 1898-99 there were 4014 villages, 
und the revenue paid was Rh. 23,8.3,406. Akyab re- 
mains the only town ot importance in the division. Of the 
11,865,600 acres in the division, 6,207,270 acres are not 
capable of cultivation, and in 1898-99 only 800,720 acres 
Avero cultivatcMl. The great proportion of the cultivable but 
not cultivated area Avas in the Northern Arakan Hill Tracts 
district, which is under a superintendent, who is usually 
a police officer witli headquarters at Paletwa. The area 
of the Hill Tracts is 52.33 sipiare miles, with a population 
ill 1891 of 14,627, and containing 317 villages. Of the 
])Opulation 13,0.39 wore aborigines — mostly Chins, 1204 
were Buddhists and Jams. 366 wore Hindus, and 18 were 
Mahommedans, Only 10,4.51 acres were cultivat'd out of 
the totil area of 3,349,120 acres. The rainfall at Paletwa 
in 1898-99 Avas 123 91 iiiche.s. 8ixty-five police maintain 
order in the district. 

ArSil (Khvarezm, Aral-denghiz), a large lake of I 
CJentral Asia, situated to the K. of the Caspian Sea, 
between 43*’ 41' to 46*’ 45' N. lat., and 58“ 19' to 61 “ 47' E. 
long., and by its area the secoiul inland salt sea of the 
world. It covers 26,166 square miles, and has nearly the 
same length as Avidth, namely, about 170 miles, if its 
northern gulf (Kichkine-Deughiz) be left out of account. 


Its depth is insignificant, attaining 222 feet only in a 
depression in the north-west, and 90 feet in the middle, so 
that notwithstanding its wide area it contains only eleven 
times as much water as Lake Leman. Its altitude is 246 
feet above the Caspian (Tillo), i.t., about 160 feet above 
the ocean. 

There is no doubt that in recent historical times Lake Aral had 
a much greater extension than it has now, and that its present 
area is diminishing at a rapid rate. From a map of 1741 it apfiears 
that its north-eastern gulf, 8ary-chaganak, protruded about 63 miles 
farther than it does now, and this is confirmed by what Meyen- 
dorff heard in 1820 from the Kirghiz, namely, that, forty years beiore, 
the lake reached some hills which are now 40 miles from the shore. 
Moi-eover, the largo Aibughir Gulf on the southern shore, which 
was full of water in 1858, is now quite dry, and the Laudan, the 
most western branch of the Amu, which entered this gulf in 
1848 and 1859, has quite dried up since. The salinity of its 
water is much less than that of the ocean, containing only 
0'012 of salt (only 0*006 of chloride of sodium), and the lake 
freezes every year for a great distance from its shores. The 
opinion that Lake Aral periodically disappeared, which was for a 
long time coimteiiauecd ny Western geographers, loses more and 
more of its probability now that it becomes evident that at a 
relatively recent period the Caspian Sea extended much farther 
eastward than it does now, and that Lake Aral communicated with 
it through the Sary-Kamysh depression. The present writer is 
even inclined to think that besides this southern communication 
with the Caspian, Lake Aral may have lieeii, even in historical times, 
connected with the Mortvyi Eultuk Gulf of the Caspian, dis- 
charging part of its water into that sea, through a aepression 
of the Ust-Urt plateau, which is marked by a chain of lakes 
(Chumyshty, Asmantai, &c.). In this case it might have been 
easily confounded with a gulf of the Caspian (by Jenkinson). 
That the level of Lake Aral was much higher in post- Pliocene times 
is proved by the liudiug of shells of their characteristic species of 
Pecten and Mytilus in the Kara-kuin, 33 miles from the lake at an 
altitude of 70 feet above its present level, and peibaps even up to 
200 feet (by Syevertsuff ; see Mushketoirs TurJeostan). The fishes 
of Lake Aral belong to fresh -water species, and in some of its rapid 
tributaries the interesting Seaphirhynchus. which represents a 
survival from the Tertiary epoch, is found. The fishing is very 
productive, and about 1000 tons of fish are exjiorted yearly to 
Turkestan, Merv, and even Russia. The shores of the lake are 
uninhabited, and the nearest settlements are Kazalinsk (7600 
mbabitants), 85 miles east, on the Byr, and Chimbai and Kungrnd 
in the delta of the Amu. 

AurHOKiTiEs. — The modern works are: MakshIceff’s “De- 
scription of Lake Aral," and Kaulbars* “Delta of^the Amu," in 
I ZapiSki of Russ. Geogr, Soc,, 1st series, v., and new series, ix. — 

I Giiimm*b Studies of the Ar(U-Caspian Expedition, — Nikolsky’s 
I “Fishing in Intake Aral," mizvedta, Russ, Geogr, Soc,, 1887.-— l^f. 

! Mushketoff, Turkestan, vol. i. 1886, which contohis rich biblio- 
! graphical indicationa (p. x, K.) 
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Aral-Oasplan Ration (or Depression) is the 
name which is given by geographers to the lowlands in 
the east of the Caspian Sea, and, by extension, to all the 
territory comprised between the Lower Volga, the Aral- 
Irtysh water-parting, the Dzungarian Alatau, and the 
Hindu Kush. These were also the limits given to it in 
an excellent work on the geo-botany of this region by 
the Russian botanist, BorscholF. (See Transcaspian 
Territ<)RY.) Owing to its special geological structure 
• and vegetation, the general as£Rx:t of its step[KJS, ex- 
{losed to the powerful disintegrating agency of the wind, 
and its sandy deserts alternating with ))rairies and 
oases (see Kara-kum), it represents a distinct geogra- 
phical tyjM). Large areas are covered with the character- 
istic Aral-Casjiian deposits, which spread as a thin la>er, 
attaining a maximum thickness of 90 feet, but are very much 
destroyed by the rivers, which have often changed their 
courses in recent times, and by the winds, which freely 
blow over this flat, open territory. They attain their fullest 
development in the part of the Aral-Casjiian region which 
lies to the east of the Caspian Sea, and consist nearly always 
t)f a yellow-grayish clay, occasionally taking the character 
4jf a more or less compact sandstone of the same 
colour. Their ty})ical fossils are shells of sjiecies still 
living in both the Caspian and the Aral, but in the shallow 
parts of them only; namely, according to Mushketoff, 
<\inUum edulcy L., Drey^mmi polynwrpha^ V. llened., 
Neriihm liturata^ hlichw., Ach^rui vitrea^ Kicliw., llydrohm 
statjnalUy L., in the Kara - kum ; and Ltifioylyjifms 
ras/nuSf Krynitz., I/ydrobia 8i<jifjnalu, Atujdonfa jjonderosa, 
Pfr., and the sponge, Met»chnikonjia t'uherndaia^ Grimm, 
m the Kyzyl-kum. All these are inhabitants of the 
littoral zone, and only the LiihtglyphvM caspim is found 
at greater depths, not exceeding, however, 100 fathoms in 
the Caspian Sea. The exact limits of the great Aral- 
Caspian Post-Pliocene Sea are not yet settled, exee]»t in the 
north-west, where the Krgheni hills of the Kalmyk steppe 
are a distinct btirrier. As to its northern limits, tlic same 
Aral-Caspian deposits are known to exist 80 miles, but 
not more than from 130 to 200 miles, north of Lake Aral. 
They quite certainly do not cross the Aral-lrtysh water- 
]»arting. Their eastern limit lies some 100 miles from 
Liiko Aral, but Severtsofi* maintained that they extend 
also into the drainage area of Lake Balkhash In 

the south the same deposits, containing the* same sjircies 
of Cardimn^ Jjr&yasena^ Seriiirm^ and Ilydrohui^ are known 
to spread without interruption, 1 60 miles from Lake Aral, 
as far as the Bala-ishera wells, in the Sary-kaiuysh depression 
(^wJiose surface is below the level of the Caspian), and uj> 
the Uzboi for 100 miles from the Caspian. As to their 
exact extension up the Amu and the Syr, it is not yet knovii. 
It is thus concluded that the Aral-Caspian basin had, in 
Post-Pliocene times, a very wide extension, but that it 
contained very largo islands — Ust-lJrt, ifec. — which divided 
it into several parts, its eastern portion communicating 
with the western, but by one or two narrow straits. 
These channels, which were formerly taken for old beds of 
the Amu-daria, have only dried at a recent eijoch, and 
most probably they existed in historical times. 

See Mushketoff's Turkentan, St Petersburg, 1886, \>lioro all 
ludicatious of hteraturo are given. (l*. a. K.) 

Aran Islands, South ; three islands— inish- 
more, Inishmaan, and Inisheor — lying across Galway Bay 
on the W. coast of Ireland. The Congested Districts 
Board has of recent years made eiforts to improve the 
condition of the inhabitants, especially by introducing 
better methods of fishing. A curing station has been 
established at Killeany. Population about 3000. 

Ararat, (l) Assyrian Urardhu^ the country in which 


547 

the Ark rested after the Deluge (Gen. viii. 4), and to which 
the murderers of Sennacherib fled (2 Kings xix, 37 ; 
Isaiah xxxvii. 38). The name Lrai dhu, to iginally that (}i 
a principality which included Mount Ararat and the plain 
of the Araxes, is given in Assyrian iuseiiptions frtnn tlio 
9th century b.c. downwards to a kingdom that at one 
time included the greater part of the later Armenia, 'riie 
native name of the kingdom was and its capital 

was Dhuspas^ now Van. The first king, Saiduris 1. (c/n- 
833 I 1 .C'.), subdued the country of the Ui>iM»r Euphrates 
and Tigris. His inscrijitioiis are written in tuneifonn. in 
Assyrian, whilst thost^ of his successors are in eumulonn, 
in their own language, w^hicli is neithcT Aryan nor fSeniitic. 
The kings of Biainas extended their kingdom eastwaril 
and westward, and defeated the Assyrians and Hittites. 
But Sarduris II. was overtlirfiwn by Tiglath Pileser II. 
(743 B.C.), and driven north of tin* Araxes, where he built 
Armavir, Arnmuna, Interesting speeiin<*ns of Biainiaii 
art have been fournl on tlie site of the jMilaco of Rusas IJ., 
near Van. Shortly after 645 b.ij. the kingdom fell, possibly 
conciuered by Cyaxares, and a way w^as thus opened for 
the immigration of the Aryan Armenians. The name 
Ararat is unknown to the Aimcuians of the present da^. 
The limits ol the Biblical Ararat are not known, but they 
must have included the lofty Annenian plateau which 
overlooks the plain of the Arax(*s on the lu^rtii, and that 
of Mesopotamia on the south. It is only imlural that the 
highest and most striking mountain in the district should 
have been regarded as that upon which the Ark rested, and 
that the old name of the country should have U»en tmns- 
f erred to it. According to the Babylonian account of tlie 
Deluge, the restingqilacti of tlie Ark was on the mountain 
of Nizir,” which sonu5 writers have identified with Mount 
Rowanduz, and others wdth Mount Elburz, near Tehi-i^in. 
The Kiirds, Syrians, and Nestorians regard Jebc‘1 tludi, tui 
the left bank of the Tigris, near Jezire, as the mountain. 

Sa\ce, “Cuneiform Iiisciiptions ol Lake Van,” in Journal vj 
Jloyal Amit'ic Society^ vols. Mv., .\x., and xxvi,- Masj>euo, 
lltMoire anciennc de» pcAiplen dc V Or it at Hassiquc, tom lii. Lts 
JSmpires, Parh, 1899. — Articles, “Ararat,” in a iJtctioiiary oj 

ihr. Ihb/tf Hastings' Viclionanj of the Bthlr^ ami Encyclopwiiia 
Biblim, 

(2) Ararat, Aniicnian J/assta, Turkisli 
“Painful Mountain," Persian, Kohd-Nnh, “Mountain of 
Noah," is the name given to the culminating point of 
the Armenian plateau wliich rises to a height of 
17,100 feet above the sea. The nvamf of Ararat rises on 
the north and east out of the alluvial plain of the Araxes, 
here from 2500 feet to 3000 feet abovt* the sea, and on 
the south-west sinks into the jdateau of Bayezid, about 
4500 feet. It is thus isolated on all sides but the north- 
west, where a col alsmt 6900 feet higli coniieets it with 
a long ridge of vdlcunic mountains. Out of the nutssif 
rise two jicaks, “their bases confluent at a height of 8800 
feet, their summits about 7 miles apart." The higher, 
Great Ararat, is “ a huge broatl-sliouldcTed mass, more of 
a dome than a cone"; the lower, Little Ararat, 12,840 
feet, on which the territories of tlie Tsar, the Sultan, and 
the Shah meet, is “ aii elegant cone or pyramid, rising with 
steep, snwKith, regular sides into a comiiarativcOy sliarp 
pt»ak” (Bryce). Both jK'aks are entirely composed of 
igneous rock, but all eruptive activity has long ceased. 
On the north and w’est tlie slojres of Great Ararat aio 
covered with glittering fields of unbroken The only 

true glacier is on the north-east side*, at the bottrrin of a 
large chasm which runs into the heart of the mountain. 
The great height of the snow-line, 1 4,000 feet, compared 
with the average of the Alps, 8500-9000 feet, is due to the 
small rainfall and the upward rush of dry air from tlie 
plain of the Araxes. The middle zone of Ararat, 5000- 
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11,500 feet, it* covered with good pasture; the up^Kfr and 
lower zones are for the most part sterile. Many traditions 
connected with the Deluge gather round Ararat. The 
garden of Eden is placed in the valley of the Araxes; 
Mamnd is the buriai-jdace of Noah’s wife ; at Arghuri, a 
village near the great chasm, was the spot where Noah 
planted the first vineyard, and hero were shown Noah’s 
vine, and the monastery of St James, until village and 
monastery wen* overwhelmed by a fall of rock, ice, and 
snow, shaken down by the earthquake of 1840. Since 
1856 Ararat has been climbed by Bryce (1876), Markoff 
(1888), Pastuchow and Lynch (1893). 

Bkyck, Tramcaiicnsia and Ararat^ 4th ed. 1890 — Lynch, 
Armenia, London, 1901. (o. w. W.) 

Ararftty a municipality and railway station in 
Australia, Victoria, in the county of Ri|K>n, 131^ postal 
miles N.W. of Melbourne, with which it is connected 
[vid Ballarat) by rail. It is the commercial centre of the 
north-western grain and wool ])roducing district, and is 
also noted for its quartz and alluvial gold mines. Exctdlent 
wine is made. The district also yields the l)est timber in 
great quantity. Granite, bluestone, limestone, and slate 
abound in the neighbourhood. It has a large lunatic 
asylum, and is an assize town. Altitude, 1072 feet. 
Rainfall (14 years), 24*37 inches. I’opulation (1881), 
2740; (1891), 3151 ; (1901), 3580. 

ArftSi ArajceSy a river which rises in the Bin-geul 
Dagh, south of Krzerum, and, after flowing eastward 
through the territories of Turkey and Russia, ftuins the 
iKiundary betweiui Persia and Russia. It fonnei’ly joined 
the Kur, but since 1897, when it changed its lower course, 
it has run direct to the Kizil Agach Bay of the Caspian. 

Arauan. See Sauaua. 

Arbalai now Krbll, a small town east of the Tigris, 
in the Mosul viiayet. The battle in which Alexander 
defeated Darius was fought at Gaugamela, on the Bumodus, 
now Khazr Su, a tiributary of the Greater Zab, and not at 
Arbela. In the 1 4th century the Christians were massacred 
and almost exterminated. Population, 4000. 

ArbitragfO# — Arbitrage is the term apidied to the 
system of equalizing ])rices in difterent commercial centres 
by buying in the cheaper market and selling in the dearer. 
Those transactions, or their converse, are mainly coniiued 
to stocks and shares, foreign exchanges, and bullion ; and 
are for the most jiart carried on Vietween London and the 
(Continental capitals, and largely with New York. When 
]»riccs in London are affected by financial or political 
< auses, all other markets are scxiner or later influenced, as 
London is the banking and financial centre for the com- 
merce of the world. It may, however, also occur that 
some local event of importance initiates a rise or fall in 
a particular market which must ultimately affect other 
countries. For instance, a revolution or a threat of one 
in Franco would immediately depress all French seimrities, 
and by exciting the fears of capitalists would stimulate 
transfers of funds and raise all the exchanges against 
Franco. 

In ordinary times tliose engaged in arbitrage operate 
with a very small margin of profit. The great improve- 
ment ill postal, telegraphic, and telephonic communication 
enables ojwrators to close transactions with amazing 
rapidity, while con. jctition reduces the margin of profit 
to a minimum. Operations in American stocks and 
shares are carried on between Loudon and New York on 
a vast scale, wdiile liunsactions in African mining shares 
are undertaken to a considerable extent between London 
and Paris. The frequent fluctuations in the prices of 
the latter securities offer a large and fruitful field to 


bold operators possessed of large resources, while those 
who have small means often succumb in a commercial 
crisis. As regards foreign exchange and bullion, arbitrage 
operators stand on a fairly safe foundation, the fluctua- 
tions being slight and involving little or no risk, although 
they yield a very small margin of profit. In fact arbitrage 
between London and the continent of Europe has dwindled, 
owing to competition, to almost vanishing point, but 
operations with distant countries such as India are large ^ 
and mainly profitable. Arbitrage with India consists' 
chiefly in buying bills of exchange in London, such as 
India Council rupee bills amounting to about 16 millions 
sterling annually, and commercial bills drawn against 
goods exported to India. The counter-operation consists 
in purchasing in India, for short or long delivery, sterling 
bills drawn against exports to Great Britain of Indian 
produce, such as cotton, tea, indigo, jute, and wheat. These 
operations greatly facilitate trade and the moving of 
produce from the interior of India to the seaports. With- 
out this assistance (keat Britain’s enormous trade could 
not be carried on, and she would have to revert to the 
lirimitive system of barter. The same advantages arc 
afforded to her vast trade with China and Japan, with the 
material difference that the supply of Government council 
bills is confined to the Indian trade. The balance of trade 
with all countries is generally settled by specie shipments ; 
hence, with the Far East, silver and gold play an 
important part in arbitrage. 

It is impossible to imagine the difficulties and confusion 
which would arise in the absence of the arbitrageur. It 
is the system of arbitrage, based on principles which an? 
the necessary outcome of successful commerce, which 
renders vast operations possible, and greatly facilitates the 
enormous British export and im[)ort trade, while main- 
taining those international connexions which tend to 
secure general peace and prosperity. (s. m, ) 

Arbitration. — Since the publication of the ninth 
i edition of this work the law as to arbitration has, both in 
England and Scotland, undergone considerable modifica- 
tion. The principal changes in the English law have been 
made by the Arbitration Act, 1889. This statute — which, 
it should be noted, is an express code as to proceedings 
in all arbitrations — subdivides its subject matter into two 
headings: — 1. References by consent out of court; 11. 
References under order of court. 

I. References hy Consent out of Cemrt, — Hero the first 
matter to be dealt with is the submission. A submission 
is defined as a written agreement (which must be signed 
by both imrtios or their authorized agents) to submit 
present or future difierences to arbitration, whether a 
particular arbitrator is named in it or not. Under the law 
prior to the Act of 1889, ((/) an agreement to refer disputes 
generally, without namiug the arbitrators, was always 
irrevocable, and an action lay for the breach of it, although 
the court could not compel either of the parties to proceed 
under it ; (0) an agreement to refer to a particular arbi- 
trator was revocable, and if one of the imrties revoked that 
particular arbitrator’s authority he could not be compelled 
to submit to it ; {e) when, however, the parties had got 
their tribunal fixed, and were proceeding to carry out the 
agreement to refer, the Act 9 and 10 Will. Ill, c. 15 pro- 
vided that the submission might be made a rule of court, 
a provision which gave the court power to assist the 
parties in the trial of the case, and to enforce the award of 
the arl^itrators ; (d) the statute 3 and 4 Will. IV. c. 42 put 
an end to the power to revoke the authoiity of a particular 
arbitrator after the reference to him had been made a 
rule of court ; and — a liability which existed also under 
the Act of 9 and 10 WiU. HI. c. 15 — any person revoking 
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the appointment of an arbitrator after the subniisision hacl 
been made a rule of court might be attached. The Arbi- 
tration Act, 1889, provides that a submission, unless a 
contraiy intention is expressed in it, is irrevocable except 
by leave of the court or a judge, and is to have the same 
effect in all respects as if it had been made an order of 
court. The object of this enactment was to save the 
expense of making a submission a rule of court by treating 
it as having been so made, and it leaves the law in this 
*jiosition, that while the authority of an arbitrator, once 
appointed, is irrevocable, there is no power— any more 
than there was under the old law — to compel an unwilling 
party to proceed to a reference, except in cases 8])ecmlly 
provided for by sections 5 and 6 of the Act of 1889. The 
former of these sections deals with the power of the court, 
the latter with the power of the parties to a reference, to 
appoint an arbitrator in certain circumstances. Section 5 
provides that where a reference is to bo to a single arbi- 
trator, and all the parties do not concur in appointing om\ 
or an appointed arbitrator refuses to act or becomes incap- 
able of acting, or where the parties or two arbitrators fail, 
when necessary, to api»oint an umpire or third arbitrator, 
or such umpire or arbitrator when appointed refuses to 
act, or becomes incapable of acting, and the default is not 
rectified after seven clear days’ notice, the court may 
supply the vacancy. Under section 6, where a reference 
is to two arbitrators, one to be appointed by each party, 
and either the appointed arbitrator refuses to act, or 
becomes incapable of acting, and the party appointing him 
fails, after seven clear days* notice, to supply the vac^ancy, 
or such party fails, after similar notice, to make an original 
appointment, a binding appointment (subject to the jx)wer of 
the court to set it aside) may bo made by the other party to 
the reference. The court may compel parties to carry out an 
arbitration not only in the above cases by directly appoint- 
ing an arbitrator, ifec., or by allowing one appointed by a 
party to proceed alone with the reference, but also indiroetly 
liy staying any proceedings before the legal tribunals to 
determine matters which come within the scope of the 
arbitration. The court will generally stay proceedings 
where the agreement to refer stipulates that the submission 
of a dispute to arbitration shall be a condition precedent 
to the right to bring an action in regard to it. On the 
other hand, the court w’ill refuse to interfere if the subject 
mat.ter of the litigation falls outside the scope of the 
reference, or there is some serious objection to the fitness 
of the arbitrator, or some other good reason of the kind 
exists. 

An arbitrator (and the following observations apply 
mufatis mutandis to an umpire after he has entered on his 
<luties) has power to administer oaths to, or take the 
affirmations of the parties and their witnesses ; and any 
person who wilfully gives false evidence before him may 
be prosecuted and punished for peijury. At any stage in 
the reference he may, and shall if he be required by the 
<’ourt, state in the form of a si)ccial case for the opinion 
of the court any question of law arising in the arbitration. 
The arbitrator may also state his award in whole or in 
part as a special case, and may correct in an award any 
clerical mistake or error arising from an accidental slip 
or omission. The costs of the reference and the award 
are in his discretion, and he has a lien on the award 
and the submission for his fees, for which, apparently — 
unless upon an express promise to pay them — he can- 
not sue. 

If there is no express provision on the point in the 
submission, an award under the Arbitration Act, 1889, 
must be made within three months after the arbitrator 
has entered on the reference, or been called upon to act 
by notice in writing from any party to the submission. 


The time may, however, be extended by the arbitrator or 
by the Court. An umpire is required to make his award 
within one month after the original or extended time 
appointed for making the award of the arbitratois has 
expired, or any later day to which he may enlarge it. The 
court may by order remit an award to the arbitrators or 
umpire for reconsideration, in which case the reconsidered 
award must bo made within three months after the date ol 
the order. Atj award may 1)0 set aside where the aibitrator 
has misconducted himself (an arbitrator may also be re- 
moved by the court on the ground of misconduct), or ^here 
it is ultra vires^ or the arbitrator has been wilfully deceived 
by one of the parties, or some sucb state of things exists. 
Otherwise it is final. An award may, by leave of the 
court, be enforced in the same manner as a judgment or 
decree to the same effect. Under the Stamp Act, 1891, 
duties ranging from 3d. iij) to £1, ITis. are payable on 
awards in England or Ireland. 

Provisions for the arbitration of special classes of disputes arc 
contained in many Acts of PailMinent (see, e the bocal Govern- 
ment Acts, 1888 and 1891, and tlie AVorkmeu’s Omiifensuiion Art, 
1897). 

It may also be not< d hero that the Coioiliation Act, 1 890, provides 
machinery for the prevention and ''Ott lenient of trade disputes, 
and that m 1892 a chamber ot arbiiiation for business di8|mtcR was 
established hy the joint action of the (Corporation of +he City of 
London and the London Chamber of Commerce. 

II. References unde't Order of Court, — The court or a 
judge may refer any question arising in any cause oi 
matter to an official or special referee, whose report may 
be enforced like a judgment or order to the same effect 
This power may be exercised whether the parties desire it 
or not. The official referees are salaried officers of court. 
The remuneration of s^iecial referees is determined by the 
court or judge. An entire action may be referred, if all 
parties consent, or if it involves any prolonged examination 
of documents, or scientific or local examination, or consists 
wholly or partly of matters of account. 

Seotlaud. — ^The law of arbitration has been modified by 
the Arbitration (Scotland) Act, 1894. An agreement to 
refer to a person not named or to be named by another 
person, or to the holder for the time being of any office, 
is now valid. The court (i.e., any lord ordinary of the 
(]?ourt of Session or sheriff) may appoint an arbiter, on 
the failure of one of the parties on whom the obligation 
rests to concur in or make such an appointment. Where 
arbiters differ in opinion, they, or (if they fail to agree on 
the point) the court, on the application of either party, 
may nominate an oversman whose decision is to be final. 

The provisions of the English Arbitration Act, 1889, 
have in substance been adopted by the Indian Legislature 
(see Act No. 9 of 1899), and by many of the Colonies 
(see, e,g.y Act No. 13 of 1895, Western Australia; No. 24 
of 1898, Natal ; No. 20 of 1899, Bahamas). 

United States , — Arliitration is ordinarily conducted out 
of court, but in most States an agreement to settle a con- 
troversy in this way may be filed in court, and enforced 
by its authority. There are also statutes of the United 
States providing facilities for adjusting disputes betwx^en 
certain clas.ses of employers anil w^orkmen in this way. 
The United States law allows arbitration proceedings 
between corporations engaged in commerce, betvreen the 
States and their employees, to take place before official 
arbitrators and at tlni public expense (30 United States 
statutes at large, 424). 

Avthorttiks. — Russri.i,, Arhitraii-on^ London, 1900 ; Annnal 
Practice, Ijondoii, 1901 .— Redman, Arbitration, London, 1897. 
--Ckbwe, ArhitrfUwn Act of 1889, London, 1898. As to Scots 
I^aw, Greenes Sneyclopcedia of Scots Law, \ol, i. s r, “Arbitration,” 
Kdmburgh, 1896. , v 
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ARBITRATION AND CONCILIATION IN LABOUR DISPUTES. 


T he teniiH “arbitration and conciliation,” as em- 
ployed in this article, arc used to descrd>t‘ a group of 
methods of settling disputes between employers and work- 
jK'Ople or among tuo or more sets of w(jrk-peo]»le, of which 
the common ieatur(» is the intervention of some outside 
j)arty not directly affected by the disjmte. If the parties 
agree beforeluind to abide by the award of the third ])arty, 
the mode of s»"ttlemeiit is described as “arbitration.” If 
there be no such agreement, but th(' olticcs of the mediator 
are used to promote an amicable arrangement Ix'tween the 
partic5s tlnunselves, the process is described as “concilia- 
tion.” The third party may Ix' one or more disinterested 
individuals, or a joint-board representative of the parties 
or of other bodies or ])ersons. 

The process heri‘ termed “ arbitration ” is larc'lyan arbi- 
tration 111 the strict legal sense of the tijriii (at least in the 
United Kingdom), because of the defective legal personality 
of the associations or groups of iinlividiials who are usually 
parties to labour disputes, and the conse<|uent absence in 
the great majority of cases of a valid legal “siibmissum ” 
of tho difference to arbitration. Trade unions, whether 
consisting ot emphyeis m w<»rkiiien, in the United 
Kingdom arc not coi*porat»‘ bodies ea]>able of entering 
tlirough their agents into legal 1\ binding oontraets. (Vm- 
sequcntly a written agreenumt on the iiait of the re]n*e- 
Bcntatives of employers and workmen to submit a dispute 
to the decision of a third l>arty is of no legal force except 
as regards the actual signatorii's.^ Bioadly s]»eakiug, thert'- 
lor<*, tin* provisions of the Arbitration Act, 1889, wbhdi 
consolidated llie law relating t<> arbitration in general, 
would as a rult‘ have no a)>])lication to the si'ttloment of 
collective disjmfes between eiiij)loyers aii<l workmen, even 
if tho Act had not been cx]»r(*ssly exclutled by s(*ctioii 3 of 
tho Coneiliation Act of l89f) in the c-ase of dispnti^ to 
whicli that Act applies, Be.snles the absence of a legal 
“submission,” labour arbitrations differ from ordinary 
arbitrations in the fact that the (j[uesTKMis referred often 
(though by no means always) relate to tJie tin ms on which 
future contracts shall be made, whereas the vast majority 
of ordinary arbitrations relate to (questions arising out of 
existing contracts. The defective “personality” of the 
jMirties to labour disjmtes als<^ prevents tlie eiiforeemcnt of 
an award by legal ]K*iialtieH. Since, however, ditiiculties 
of enforccMiieiit atfeet not only settlements arrived at hy 
arbitration, but all agi'eements between bodies (»f employers 
and work-j>eopli' with regard to the terms of einployiiieiit, 
they an* most ai)pro]»riately considered at a latei stege of 
this article. 

The term “ conciliation ” is ordinarily used to cover a 
large number of methods of settlement, sliading off in tho 
one direction into “arbitration” and in the other into 
ordinary direct negotiation between the ]»arties. In some 
cases conciliation only differs from arbitration in the 
absence of a juvvious agreement to accept the award. 
The German “ GeivtrfieifenrhffHf^ when dealing with 
labom* dis])utes, communicate a deeision to both ])artit58, 
who must imtify their acceptance or otherwise (see Ixdow). 
The State Board in Massachusetts sometimes tak(*s similar 
action. 

The conciliation boards established under the New 
Zealand Arbitration Act of 1894 (see Ixdow) make ivcom- 


^ The House of Lords decided, in the Taff V'ale Railway case (1901), 
that trade tiiiious may be sued in imt the decision does not refer 
to tliciv stains as ivgards contracts. 


mendatious, though either side may decline to accept 
them and may appeal to the Court of Arbitration, which 
in tliat colony has compulsoiy powers. Most frequently, 
however, in Great Britain the mediating party abstains 
from pronouncing a definite judgment of his own, but ^ 
confines bimself to friendly suggestions with a view of " 
removing obstacles to an agreement between the parties. 
On the other hand, it is not easy to define how far the 
“outside party” must be independent of the parties to 
the dispute, in order that the im'thod of settlement may 
be properly described as “conciliation.” There is a sense 
in which a friimdly conversation lx3tween an employer or 
his manager and a deputation of aggrieved workmen is 
rightly described as “ conciliatiou,” but such an interview 
would certainly not be covered by the term as ordinarily 
used at the proseut day. Again, when the parties are 
rejireseuted by agents (c.//., the officials of an employers’ 
association and of a trade union) the actual negotiators 
or some of them may not personally be affected by the 
l>articiilar dispute, and may often exercise some of the 
functions of the imxliator or conciliator in a manner not 
clearly to be distinguished from the action of an outside 
jiarty. It seems best, however, to exclude such negotia- 
tions from our purview so long as those betwemi whom 
they are aimed on merely act as the authorized agents 
lor the parties affected. In the same way a meeting 
arranged (Vfl hoc between delegates of an employers’ asso- 
ciation and a trade union, for the purpose of arranging 
differences as to the terms on which the members of the 
association shall employ members of the union is not 
usually classed as “conciliation,” unless tho meeting is 
held in the present' of an mdependmit chairman or con- 
ciliator, or in pursuances of a jicrmanent agreement l>etween 
the associations laying down the procedure for the settle- 
ment of disputes. If, liow^evtT, the dispute is considered 
and arranged not by a casual meeting between two com- 
mittees and dejmtations appointeid /loc, but by a peT- 
niaiiently organized “joint committee ” or board with a 
constitution, nxles of ]>rocedure, and officers of its own, the 
process of settlement is by ordinary usage described as 
“ (jonciliatioii,” even though the* board be entirely repre- 
sentative of the persons engaged in the industry. Such 
joint boards, as will be seen, play a most important part 
in conciliation at the present day, and they almost always 
have attached to them some machinery for the ultimate 
decision by arbitration of questions on which they fail to 
agree. Another form of conciliation is that in which the 
mediating board represents a wider group of industries 
than those affected by the dispute («.//., the Loudon and 
other “district” boards referred to lielow). Moreover, 
in some of the most important cases of settlement of 
disputes by conciliaftion, the mediating party has not been 
a jierinanont lioard but a disinterested individual, e.g,, the 
mayor, county court judge, government official, or member 
of jiarliament. As will lx? seen below, the Conciliation 
Act now' provides for the appointment of “conciliators” 
by the Board of Trade. 

Voluntary trade boards, how'ever permanent joint 
boards representing employers and work-people in particular 
trades), are at once the most ffrmly established and the 
most important agencies in Great Britain for the prevention 
and settlement of labour disputes. Among the earliest of 
such bodies was the board of arbitration in the Maccles- 
field silk trade, formed in 1849, in imitation of the French 
(Us PriuVhonmies,** but which only lasted four 
years. The first lioard, how'ever, which attained any 
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degree of permanent success ivas that established for the 
hosiery and glove trade in Nottingham in 1860, through 
the efforts of Mr Mundella. In 1864 a board was estab- 
lished in the Wolverhampton building trades, with Mr (after- 
wards Sir) Rupert Kettle as chairman, and in 1868 boards 
were formed for the pottery trade, the Leicester hosiery 
trade, and the Nottingham lace trade. Of the above boards 
only the las^named is still actively in existence, though a 
joint committee still exists for settling minor questions in 
• the pottery trade. In 1869, however, there was formed 
one of the most important of the still existing boards, viz., 
the board of arbitration and conciliation in the manu- 
factured iron and steel trades of the north of England, 
with which the names of Rupert Kettle, David Dale, aiul 
others are associated. In 1872 joint committees were 
formed in the Durham and Northumberland coal traders 
to deal with local questions. The Leicester boot and shoe 
trade board, the first of an elaborate system f)f local boards 
in this trade, was founded in 1875. From about 1870 
onwards there was a great movement for the establishment 
of “ sliding scales ” in the coal and iron and steel trades, 
which by regulating wages automatically rendered un- 
necessary the settlement of general wages by conciliation 
or arbitration. These sliding scales, however, usually had 
attached to them joint committees for dealing with dis- 
puted qwjstions. A sliding scale arranged by Mr (since 
Sir) David Dale was attached to the manufactured iron 
trade board in 1871. A sliding scale for the Cleveland 
blast furnacemen came into force in 1879. Sliding scales 
were also adopted in the coal trade in many districts, 
South Wales (1875), Durham (1877), and Northumljcrland 
(1879). The movement was, however, followed by a re- 
action, and several of the sliding scales in the coal trade 
were terminated between 1887 and 1889, 

The formation on a large scale of conciliation boards in 
the coal trade to fix the rate of wages dates from the 
great miners' dispute of 1895, one of the terms of settle- 
ment agreed to at the conference held at the Foreign Office 
under Lord Rosebery being the formation of a conciliation 
board covering the districts affected. Northumberland 
followed in 1894, Durham in 1895, Scotland in 1900. 

The hrst general district board to be formed was that 
established in London in 1890, through the London 
Chamber of Commerce, as a sequel to the Mansion House 
committee which mediated in the great London dock sti-ike 
of 1889, The examjde has been followed by several large 
towns, but the action taken by the boards in some of these 
provincial districts has been very limited. 

The most typical form of machinery for the settlement 
of disputes by voluntary conciliation is a joint board con- 
sisting of equal numbers of representatives of 
tioVmittS' eniployers and employed. The members of the 
tuttotioaa board are usually elected by the associations of 
of vo/aa- employers and workmen, though in some cases 
ciSatloii ^ manufactured iron trade board) the 

bomrda. workmen's representatives are elected not by 
their trade union but by meetings of workmen 
employed at the various works. The chairman may be an 
independent person, or, more usually, a representative of 
the employers, the vice-chairman being a representative of 
the workmen. In the arbitration and conciliation boards in 
the boot and shoe trade, provision is made by which the 
chair may be occupied by representatives of the employers 
and workmen in alternate years. An independent chair- 
man usually has a casting vote, which practically makes 
him an umpire in case of equal voting, but where there is 
no outside chairman there is usually provision for reference 
of cases on which the board cannot agree to an umpire, 
who may either be a permanent officer of the board elected 
for a period of time (as in the case of several of the boards 


in the boot and shoe trade), or se^Iccted ml hoc by the 
board or appointed by some outside i)erson or body. 
Thus the choice of the permanent chairman or umpire ol’ 
the miners’ conciliation Ixmrd, formed in jmrsuaiice of tlu; 
settlement of the coal dispute of 1 893 by Lord Ro.si;}>ei y, 
was left to the Speaker of th(? House of Commons. Since 
the passing of the Conciliation Act, several conciliation 
boards have provided in their rules for the a]»pointment ol 
umpires by the Board of Tradt*. 

Conciliation boards constituted as described above 
usually liave rules i>rovicling that there shall always be 
equality of voting as l^tween em]>loyer and workmen, in 
spite of the casual absence of individuals on one side oi 
the other. In order to exj^edite business it is some times 
provided that all questions shall be first considered by a 
sub-committee, with power to settle them by agreement 
before coming before the full board. Boards of concilia- 
tion and arbitration conforming niort* or less to the above 
tyjie exist in the coal, iron and steel, boot and shoe, and 
other industries in the United Kingdom. A somewhat 
different form of organization has ])revailed in the cotton- 
spinning trade (since the dispute of 1892-93) and in the 
engineering trade (since tlu' engineering disjmte ot 
1897-98). In these important industries there are no 
jHjrmanent lioards for the settlement of general questions, 
but elaborate agreements are in force between the 
employers’ and workmen’s organizations which among 
other things prescribe the mode in wffiich questions at 
issue shall be dealt with and if possible settleil. In the* 
first place, if the question cannot he settled bttwxjcn the 
employer and his workmen, it is dealt with by the local 
associations or committecjs or their officials, and failing a 
settlement in this manner, is referred to a joint meeting 
of th<* executive committees of the two associations. In 
neither agreement is there any provision for the ultimate 
decision of unsettled questions by arbitiation. The agree- 
ment in the cotton trade is known as the “ Biooklarids 
Agreement,” and a large numl»er of qlle^tions have been 
amicably settled under its provisions. In the building trade, 
in which (with the exception of the pluml»er8’ board) there 
are at present no national arrangements for conciliation 
and arbitration, it is very customary for the local “ working 
rules,” agreed to mutually by employers and eiiijdoyed in 
particular districts, to contain “ conciliation rules ” provid- 
ing for the reference of disputed questions to a joint 
committee with or without an ultimate reference to 
arbitration, 'i'et another form of voluntary board is the 
“district board,” consisting in most cases of rejiresentativcs 
elected in equal numbers by the local chamber of com- 
merce and trades council respectively. In the case, 
however, of the London Conciliation Board the workmen’s 
representatives are elected, tw'clve by sjjecially summoned 
meetings of trade union delegattis and two by co-oj>tatjon 
The functions of district boards are to deal with disputes 
in any trade which may occur within their districts, and 
of course they can only take action with the consent ot 
both parties to the dispute, in this respect differing from 
the majority of “ trade ” boards, which, as a rule, are 
em|K)wered by the agreement under which they are 
constituted to deal wdth questions on the application of 
either party. Another interesting type of board is that 
representing tw^o or more groups of workmen and some 
times their employers, with the object of settling “ demar- 
cation” disputes between the groups of workmen (/.c., 
questions as to the limits of the work which each group 
may claim to jierform). Examples of such boards an* 
those representing shipwrights and joiners on the Clyde, 
Tyne, and elsewhere. While the arrangements for volun- 
tary conciliation and arbitration differ in this w'ay 
in various industries, there is an equally wide 
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variatiou in the character and range of questions which 
the boards are empowered to determine. For example, 
some boards in the coal trade the conciliation boards 
in Northumberland and the so-called “Federated Districts”) 
deal solely with the general rate of wages. Othres, <9.^., 
the “joint committee” in Northumberland and Durham, 
confine their attention solely to local questions not alFect- 
ing the counties as a whole. The Durham conciliation 
board deals with any general or county questions. This 
distinction between “general” and “local” questions 
corresponds nearly, though not entirely, to the distinction 
oftcui drawn between questions of the terms of future 
employment and of the interpretation of existing 
agreement.s. Some conciliation boards are unlimited as 
regards the sco|ie of the questions which they may 
consider. This was formerly the case with thci boards in 
th(j boot and shoe trade, but under the “ tc'rms of settle- 
ment” of the dispute in 1895 drawn up at the Board of 
Trade, certain classes of questions («,//., the (im}>loyment of 
jurtieular individuals, the odoyition of piece-work or time- 
work, (fee.) were wholly or partially withdrawn from their 
con8jd(»ration, and any decision of a board contravening 
the “terms of sc^ttloment ” is null and void. A s^jecial 
feature in the procedure for conciliation and arbitration in 
the iKiot and shoe trade, is the de])osit by each fiarty of 
£1000 with trustees, as a financial guarantee for the 
performance of agrcH^ments and awards. A certain class 
of conciliation boards, mostly in the Midland metal trades, 
wcTO attached to “ alliances ” of employers and employed, 
having for their object the regulation of production and of 
prices (c./;., the Bedstead Trade Wages Board). Some of 
these alliances, however, have been dis8olv(*d. 

At all events up to the year 1896, the development 
of arbitration and conciliation as methods of settling 
L0glMiation disputes in the UnittHl Kingdom was 

latha entirely iiidejiendont of any legislation. Pre- 
VttlM viously to the Conciliation Act of 1 896 (described 
Kingdom, bel^^j several attempts had been made by 
l»arl lament to jiromote arbitration and conciliation, but 
with little or no practical result, and the Act of 1896 
rojiealed all pnwious legislation on tluj subject, at the 
same time excluding the ojieration of the Arbitration Act 
of 1889 from the settlement of “ any difference or dispute 
to which this Act applies.” The laws repealed by the 
Conciliation Act need only a few words of mention. 
During the 18th century the fixing of wages by 
magistrates under the Elizabethan legislation gradually 
decayed, and the Acts 20 Geo. II. c. 19 and 31 (5eo. II. 
c. 1 1, gave summary jurisdiction to justices of the peace to 
determine disputes between maators and servants in certain 
eircumstancH's, although no rate of wages liad been fbeed 
that year by the justices of the peace of the shire. These 
and other laws, relating sj)ecially to disputes in thecotton- 
wea-ving trade, were consolidated and amended by the 
Arbitration Act of 1824. This Act seems chiefly to have 
been aimed at disputes relating to jneee-work in the 
textile trades, though applicalile to other disputes arising 
out of a wages contract. It e\])re8sly excluded, however, 
the fixing of a rate of wages t)r price of labour or work- 
manslii]) at which the workmen should in future be paid 
unless with the mutual consent of Ixith master and work- 
men. The Act gave compulsory yiowers of settling the 
disputes to which it relates on ajiplication of either yiarty 
to a court of arbitrators representing employers and 
workmen nominatefl by a magistrate. The award could 
be enforced by distress or imprisonment. The Act was 
subsequently amended in detail, and by the “ Councils of 
Ckmciliation Act” of 1867 power was given to the Home 
Secretary to license “ equitable councils of conciliation and 
arbitration ” etpially representative of masters and work- 


men, who should thereupon have the powers conferred by 
the Act of 1824. The Act contains provisions for the 
appointment of conciliation committees, and other details 
which ore of little interest seeing that the Act was never 
put into operation. Another amendment of the Act of 
1824 was n^e by the Arbitration (Masters and Workmen) 
Act of 1872, which contemplated the conclusion of agree- 
ments between employers and employed, designating some ' 
l)oard of arbitration by which disputes included within the 
scope of the former Acts should bo determined. A master ' 
or workman should be deemed to be bound by an agreement 
under the Act, if he accepted a printed copy of the agree- 
ment and did not repudiate it within forty-eight hours. 
Like the previous legislation, however, the Act of 1872 
was inoperative. The evidence given before the Eoyal 
Commission on Labour (1891-94) disclosed the existence of 
a considerable body of opinion in favour of some further 
action by the state for the prevention or settlement of 
labour disputes, and some impetus was given to the move- 
ment by the settlement through oflicial mediation of 
several important disputes, <?.</., the great coal -miners’ 
dispute of 1893 by a conference presided over by Lord 
Rosebery, the cab-drivers’ dispute of 1894 by the media- 
tion of the Home Secretary (Mr Asquith), and the boot 
and shoe trade dispute of 1895 by a Board of Trade 
conference under the chairmanship of Sir Courtenay 
Boyle. In these, and a few other less important cases, 
the intervention of the Board of Trade or other depart- 
ment took place without any special statutory sanction. 
The Conciliation Act {lassed in 1896 was framed with a 
view to giving express authorization to such action in the 
future. 

This Act is of a purely voluntary character. Its most 
important provisions are those of section 2, empowering 
the Board of Trade in cases “ whore a difference exists or 
is apprehended between any employer, or any class of 
employers, and workmen, or between different classes of 
workmen,” to take certain steps to promote a settlement 
of the difference. They may of their own initiative hold 
an inquiry or endeavour to arrange a meeting between the 
jiarties under a chairman mutually agreed on or appointed 
from the outside, and on the application of either party 
they may appoint a conciliator or a board of conciliation 
who shall communicate with the parties and endeavour to 
bring about a settlement and report their proceedings to 
the Board of Trade. On the a])plication of both jiarties 
the Bf^ard of Trade may appoint an arbitrator. In all cases 
the Board of Trade has discretion as to the action to be 
taken, and there is no provision either for compelling the 
parties to accept their mediation or to abide by any agree- 
ment effected through their intervention. There are other 
provisions in the Act providing for the registration of 
voluntary conciliation boards, and for the promotion by 
the Board of Trade of the fonuation of such boards in 
districts and trades in which they are deficient. During 
the first five years after tho passage of the Act {i.e., up to 
the middle of 1901) the nu.iiber of mses arising under 
section 2 (providing for action by the Board of Trade for 
the settlement of actual or apprehended disputes) was 113, 
and the number of settlements effected 70. Of the 13 
disputes not settled under the Act, 10 were settled between 
the parties during the negotiations, and in 33 cases the 
ap])lications were refused by the Board of Trade, or their 
efforts to effect a settlement were unsuccessful. Of the 
70 BOttlemcnts, 32 were effected by conciliation and 38 
by arbitration. At iiresent^ however, the number of 
cases of arbitration under the Act appears to be increas- 
ing compared with those of conciliation, and several 
voluntary conciliation boards formed or reorganized since 
the passage of the Act provide in their rules for an 
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appeal to the Board of Trade to appoint an umpire in 
case of a deadlock. Eighteen boards are known to have 
already adopted this course. The figures given above show 
that the Conciliation Act of 1896 has by no means, like 
previous legislation, been a dead letter, though the number 
of actual disputes settled is naturally small compared with 
the total number annually recorded. In spite of the com- 
plete discretion given to the Board of Trade as regards the 
offer of its services and to the parties as regards acceptance of 
• its intervention, experience in the great engineering dispute 
of 1897 and the South Wales coal dispute of 1898, appears 
to show that public opinion may put pressure on the Board 
to attempt mediation in a dispute which has attracted 
popular attention, whatever may be the attitude of the 
parties directly concerned ; and there has been a tendency in 
some cases to make the action or inaction of the Department 
a subject of parliamentary debate. Under these conditions 
intervention must sometimes lead to disap23ointment,and the 
danger must also be borne in mind that the expectation of 
official intervention may occasionally lead the losing side 
to prolong a hopeless dispute. If, however, direct official 
mediation in labour disputes is attended with difficulties, 
these do not apply to the appointment by the Board of 
Trade of umpires and arbitrators, on an ap})lication by 
both parties or by a voluntary conciliation board. 

Arbitration and conciliation in labour disputes as prac- 
tised in the United Kingdom are entirely voluntary, both 
as regards the initiation and conduct of the 
negotiations and the carrying out of the agree- 
paiMlott, iR6Bt resulting therefrom. In all these resjx'cts 
arbitration, though terminating in what is called 
a binding award, is on precisely the same legal footing as 
conciliation, which results in a mutual agreement. Various 
proposals have been made (and in some cases carried into 
effect in certain countries) for introducing an element of 
compulsion into this class of proceeding. There are three 
stages at which compulsion may conceivably be intro- 
duced. (1) The jMirties may be com|)elled by law to 
submit their dispute to some tribunal or board of concilia- 
tion; (2) the board of conciliation or arbitration may 
have power to compel the attendance of witnesses and the 
production of documents; (3) the parties may be compelled 
to observe the award of the board of arbitration. The most 
far-reaching scheme of compulsory arbitration in force in 
any country is that embodied in the New Zealand Industrial 
Conciliation and Arbitration Act of 1 894. Bills have been 
introduced into the British House of Commons for clothing 
voluntary boards of conciliation and arbitration, under certain 
conditions, with powers to require attendance of witnesses 
and production of documents, without, however, compelling 
the parties to submit their disputes to these boards or to 
abide by their decisions. In the United Kingdom, how- 
ever, more attention has recently been given to the 
question of strengthening the sanction for the carrying out 
of awards and agreements than of compelling the parties 
to enter into such arrangements. An interesting step 
towards the solution of the difficulty of enforcement in 
certain cases is perhaps afforded by the provisions of the 
terms of settlement of the dispute in the boot and shoe 
trade drawn up at the Board of Trade in 1895. Under 
this agreement XIOOO was deposited by each party with 
trustees, who were directed by the trust-deed to pay over 
to either party, out of the money deposited by the other, 
any sum which might be awarded as damages by the 
umpire named in the deed, for the breach of the agree- 
ment or of any award made by an arbitration board in 
consonance with it. Up to the present only one claim 
for damages has been sustained under this agreement, the 
amount of the damages given against the union l^ing 
^300. Nevertheless it cannot be doubted that the 


pecuniary liability of the parties has given stability to 
the work of the local arbitration boards, and the satisfac- 
tion of both sides with the arrangement is shown by the 
fact that the trust-deed, which lapsed in March 1 900, was 
renewed for a further period of two years. Theoretir^lly 
a trust deed of this kind can only offer a guarantee up to 
the point at which the original deposit on one side or the 
other is exhausted, as it is impossible to compel either 
party to renew the deposit. A propfisal was made by tho 
Duke of Devonshire and certain of his colleagues on the 
lioyal Commission on Labour for empowering associations 
of employers and employed to acquire, if they desired it, 
sufficient legal personality and corporate character to 
enable them to sue each other or their own memlH^rs for 
breach of agreement. This would give the association 
aggrieved by a breach ol award the power of suing tho 
defaulting organization to recover damages out of their 
corporate funds, while each association could exact 
penalties from its members for such a breach. For this 
reason the suggestion has met with a good d(*al of support 
by those interested in arbitration and conciliation. 

Apart, however, from any suspicions entertained of it by 
workmen’s associatuins, the question is not free from 
difficulties. The olyect of the change would be to convert 
what are at present only morally binding understandings 
into legally enforceable contracts. But ajiart Irom the 
possibility that some of such contracts would be held 
by the courts to be void as being “ in restraint of 
trade,” the tendency might be to give a strict legal 
interpretation to working agreements which might de- 
prive them of some of their cfiectivcness for the settle- 
ment of the conditions of future contracts between 
employers and workmen, while possibly deterring associa- 
tions from entering into such agreements for fear of 
litigation. Individuals, moreover, could avoid liability by 
leaving their associations. Many persons are therefore ol 
opinion that the present iinfierfect sanction for agreements 
and awards must be accepted as the lesser of t>\o evils. 
In countries like New Zealand, where the parties are 
compelled to submit their differences to arbitration, some 
of the above objections do not apply. 

The following statistics are based on the reports of 
the I^abour Department of the Board of Trade on fc>trik(*B 
and Lock-outs. The number of boards of 
conciliation and arbitration known to have 
settled disputes in 1899 wus 53, of which 50 
come under the head of “ trade,” 2 of *Mistrict,” 
and 1 of “general” boaids. So fai as known about 
139 boards are in existence, but st^vcral of these did 
no active work in 1899. Of the 50 trade boards, 11 
are connected with the boot and shoe trade, 9 with 
engineering and shijibuildiiig, 7 with coal-mining, 1 3 with 
iron and steel and other metal tiudes, 7 with tin* building 
trades, and the others with various miscellaneous industries. 
The importance oi the questions dealt with by these 
boards differs so very greatly— - ranging from the classili- 
cation of a samfile to an alteration of wages affecting 
hundreds of thousands of meu — that the statistics of the 
number of cases settled tend to Ix^ somewhat misleading. 
Nevertheless the following figures may be of some interest. 
Altogether, 1232 cases Nvere considered by the boards in 
1899, of which 50G w'ere withdrawn or settled inde- 
pendently of the boards, and 51 were still unsettled at 
tho end of tho year. The remaining G75 cases were 
settled, 503 by the board or committees and 172 by 
arbitrators or umjures. The great majority of tho cases 
settled were purely local questions. Thus 350 cases -— or 
more than half tho total — were dealt with by the “joint 
committees” in the NorthumlxTland and Durham coal 
trades, which confine their action to locial questions, such 

S. 1. — 70 
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as fixing the “hewing prices” for new seams. Of the 
remaining 325 cases, 125 are accountt5d for by the boot 
and shoe trade. Hero again a largo majority of the cases 
wore questions of classifying sainiile lioots, shoes, or 
materials, i.e., of detorniiniug under what heading of the 
existing piece-work lists a new pattern of boot or a new 
quality of material ought properly to be classified. 
During the year, however, several more general questions, 
rat(‘8 of a niiniinum wage and overtime payment, 
afiecting considerable bodies of men, were determined by 
the boot and shoe trade boards or their umpires. Thirty- 
nine cases w(jro 8cttlt?d by a board for the tailoring trade in 
Alicrdeen — all of minor iiiqtortance. The iron and steel 
trades account for 30 cjases, and engineering and shipbuild- 
ing for 81. Among the latter are include<l a considerable 
number of “demarcation disputes,” i.c., disputes between 
two bodies of workmen as to the limits of the work to be 
l)erf()rmod by each. Four joint boards representing shij)- 
wrights and joiners on the Tyne, Tecs, and Clyde 
respectively, settled 57 such cases in 1 899, of which only 
4 wore rfslogatod to uinpir(*s. The great majority of the 
above cases did not ac.tually involve stopj^age of work, 
the most useful work of these jiermanent boards being the 
prevention rather than the settlement of strikes and 
lock-outs. During 1 899 only 1 0 strikes were settled by 
])ermaneni boards — in 1898 the numb<ir l)eing 19, and in 
1897, 1 2. Tn none of these years wore any of these strikes 
of great imjiortaricti. A certoin numljcr of disputes are 
settled every y<!ar by the iiH‘diation or arbitration of 
disinterested individuals, c.f/., the local mayor or county 
<*ourt judge. 'I'lie number of strikes so settli'd in 1899 
was 26, and in the previous yi^ar 10. 

The operations under the Conciliation Act liave been 
separately described above. Altogether, if the work of 
all agencies for conciliation and arbitration be included, 
the iiuinber of strikes and lock-outs settled by the.se 
means in 1899 was 38. During the five years 1894-99 
the annual number of strikes so scsttled varied between 38 
and 45. The nunilKn’ of work-peoj)le affected by these 
(hsputes in 1899 was 11,705, or about G jicr cent, of the 
jiersons involved in all the 719 disj)utes recorded in that 
year. It is ch'ar from the above figures tliat the most iiii- 
|)ortant and most hojieful jiart of tlic work of agencies for 
conciliation and arbitration is the adjustment of differences 
that might otherwise lead to stop]»age, iiither than the 
settlement of actual strik<*s. 

The extiuit to wliicli the methods of arbitration and 
conciliation can be expected to afford a substitute for 
strikes and lock-outs is one on wliich opinions 
Putun differ very widely. The difficulties arising 
from tins iiiipos.sibiIity of enforcing agreements 
or awards by legal jirocess havi* already been 
discussed. Ajurt from these, however, it is evident that 
both methods imply that the jiarties, especially the work- 
peoi»le, are organized at least to the extent of lK*ing capable 
of negotiating through agents. In some industries 
agriculture or domestic service) this preliminary condition 
is not satisfied ; in others the men’s leaders jjossess little 
more tlian consultative iiowors, and employers may hesitate 
to deal either directly or tlirough a third jiarty with 
individuals or committees who have so little authority over 
those whom they claim to represent. And even where 
the trade organizations are strong, some employers object in 
any way to recognize the representative character of the 
men’s officials. Recent cases of this kind that attracted 
attention were I.iord Penrhyn’s refusal to recognize the 
Quarrymen’s Union or the quarry committee as repre- 
senting his quarrymen, and the refusal of several important 
railway companies to deal with the Amalgamated Society 
of Railway Servants. The question of the “recognition” 


of trade unions by employers is a frequent cause of dis- 
putes, and is further referred to in the article on STKiiLBS 
AND Lock-outs. It may be observed, however, that it fre- 
quently occurs that in cases in which both employers and 
employed are organized into associations which are accus- 
tomed to deal with each other, one or both parties onteiv 
tain a strong objection to the intervention of any outside 
mediator, or to the submission of differences to an arbitrator. 
Thus the engineering employers in 1897 were opposed to 
any outside intervention, though ready to negotiate with 
the delegates chosen by the men. On the other hand, the 
cotton operatives have more than once opposed the pro- 
posal of the employers to refer the rate of wages to 
arbitration, and throughout the great minors’ dispute of 
1893 the opposition to arbitration came from the men. 
Naturally, the party whose organization is the stronger 
is usually the less inclined to admit outside intervention. 
Rut there have been several recent cases in which employers, 
who refused to deal directly with trade union officials, 
have bc^en willing to negotiate with a mediator who was 
well known to be in communication with these officials 
in some of the recent railway disputes). 

Apart, however, from the disinclination of one or both 
parties to allow of any outside intervention, we have to 
consider how far the nature of the questions in dispute 
may in any particular case put limits to the applicability 
of conciliation or arbitration as a method of settlement. 
Since conciliation is only a general term for the action of 
a third |)arty in overcoming the obstacles to the conclusion 
of an agreement by the jiarties themselves, there is no 
class of questions which admit of settlement by direct 
negotiation which may not equally lie settled by this 
method, provided of course tliat there is an adequate 
supply of sufficiently skilful mediators. As regards arbi- 
tration the case is somewhat different, seeing that in this 
case the parties agree tf) be bound by the award of a third 
jiarty, J<or the success of arbitration, therefore, it is 
im|>ortant tliat tlie general principles which should govern 
the settlement of the }>articular (|uestion at issue should 
be admitti'd by both sides. Thus in the manufactured 
iron trade in the north of England, it has throughout been 
understood that wages should depend on the prices realized, 
and the only question which an arbitrator has usually had 
to decide has been how far the state of prices at the time 
warranted a particular change of wage. On the other 
hand, there are many questions on which disputes arise 
(c.//., the employment of non-union labour, the restriction 
of piece- work, Ac.) on which there is frequently no common 
agreement as to princi])les, and an arbiirator may be at 
a loss to know what considerations he is to take into 
a<*count in determining his award. Generally speaking, 
employers are averse from submitting to a third jiarty 
questions involving discipline and the management of their 
business, while in some trades workmen have shown them- 
st'Jves opposed to allowing an arbitrator to reduce wages 
Ixjyond a certain jioiut which they wish to regard as a 
guaranteed “ minimum.” 

Another objection on the part of some employers and 
workmen to unrestricted arbitration is its alleged tendency 
to multiply disputes by providing an easy way of solving 
them without recourse to strikes or lock-outs, and so 
diminishing the sense of responsibility in the party ad- 
vancing the claims. It is also sometimes contended that 
arbitrators, not being governed in their decisions by a 
definite code of principles, may tend to “ split the differ- 
ence,” so as to satisfy ^th sides even ivhen the demands 
on one side or the other are wholly unwarranted. This, it 
is said, encourages the formulation of demands purposely 
put high in order to admit of being cut down by an arbi- 
trator. One of the chief practical difficulties in the way of 
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the successful working of permanent boards of conciliation, 
consisting of equal numlxjrs of employers and employed, 
with an umpire in case of deadlock, is the difficulty of 
inducing business men whose time is fully occupied to 
devote the necessary time to the work of the boards, 
especially when either side has it in its power to com[)ci 
recourse to the umpire, and so render the work of the 
conciliation board fruitless. In spite of all these difficulties 
the practice of arranging differences by conciliation and 
• arbitration is undoubtedly spreading, and it is to be 
remembered that even in cases in wbdeh theoretically a 
l)asis for arbitration can scarcely be said to exist, re- 
course to that method may often servo a useful jmrposo 
in putting an end to a deadlock of which lioth jiarties are 
tired, though neither cares to own itself beaten. 

Colonial Reference must now be made to some of the 
jiitf/oivij'a principal laws relating to arbitmtion and con- 
logiMlation* ciliation outside the United Kingdom. 

N’ew Zealwnd, — ^The New Zealand Industrial Concilia- 
tion and Arbitration Act, 1894 (amended in detail by 
.stiveral subsequent Acts), provides for the incorporation 
of associations of employers or workmen under the title 
of industrial unions, and for the creation in each distiict 
of a joint conciliation board, elected by those industrial 
unions, with an impartial chairman elected by the board, 
to which a disjmte may be referred by any party, a strike 
<ir lock-out being thenceforth illegal. If tlie recommen- 
<latioTi of the conciliation board is not accepted by either 
jMirty, the matter goes to a court of arbitration consisting 
of two persons representing employers and workmen re- 
S|)ectively, and a judge of the supreme court. The award 
of this court is enforceable by legal jirocess, financial 
])enalties up to X500 being recoverable from defaulting 
associations or individuals. If the proprty of an associa- 
tion is insufficient to pay the penalty, its members are 
individually liable up to iJlO each. During the }car 
1899-1900 thirty-four cases were considered by the con- 
ciliation boards, and twenty were sent to the arbitration 
c»>urt. In addition, nine cases of breach of award or 
agi-comcnt were dealt with. 

The above is only an outline of the principal provisions 
of tliis interesting Act, under which questions of wages, 
hours, and the relations of enijiloyers and workmen 
goncnilly in New Zealand are now practically the subject 
of state regulation. Whatever may be the result of the 
Act w'hcn its indirect effects have had time to develoj), it 
IS clear that it goes far beyond the mere settlement of 
strikes, and is more properly to be judged as a measure 
for tlie state regulation of industry. 

New South Wales,'^ — In New South Wales a “ Concilia- 
tion and Arbitration Act” was passed in 1899, resembling 
the United Kingdom Act in the general character of its pro- 
visions, except that an arbitrator or investigator appointed 
by Covernment is invested with compulsory powers of sum- 
moning witness, s, entering premises, and examining on oath. 

Canouhi. — In 1900 a Conciliation Act was passed by 
the Dominion Parliament resembling the United Kingdom 
Act in most of its features. 

France , — ^The French Conciliation and Arbitration Law 
of l^eccmbor 1892 provides that either party to a labour 
dispute may apply to the juge de paix of the canton, who 
infoim the other party of the application. If they concur 
within three days, a joint committee of conciliation is 
formed of not more than five representatives of each party, 
which meets in the presence of the juge de paix, who, 
however, has no vote. If no agreement results the parties 
are invited to ap|)oint arbitrators. If such arbitrators 

* Sinco this article vai written a compulsory Arbitration Law has 
hem passed in Kew South Wales (December 1901). 


are appointed and cannot agree on an umpire, the president 
of the civil tribunal aiqKiints an umpire. In the case of 
an actual strike, in the absence of an application from 
either party it is the duty of the juge de jmix to invite 
the parties to proceed to conciliation or arbit ration. The 
results of the action of the juge de paix and of the ccmi- 
ciliation committee are placarded by the mayors of the 
communes affected. The law leaves the luirties entirely 
free to accept or reject tlie wirviei's of the juge de paix. 
During the seven years 1893-99 the Act was put in force in 
778 cases — viz., 425 on a])plication of workmen, 23 of 
emidoyers, 18 of l>oth sides, and 312 without application. 
Altogether, 204 disputes were settled — 88 j»er cent, by con- 
ciliation and 12 {jer cent, by arbitiation. 

Germany , — In several Continental countries, courts or 
boards are established by law to settle cases arising out of 
existing labour contracts — <?.//., the Frencli “ Canseik des 
PrudJummee^' the Italian T/n,” and the German 

^^Gewerbegerichten ,*' — and some of the questions which come 
before these bodies are such as might be dealt with in 
England by voluntary boards or joint committees. The 
majority, however, are disputes between individuals as U) 
wages due, &c., wliich would be dt*tcruimed in the United 
Kingdom by a court of summary jurisdiction. It is note- 
worthy, however, tliat the German industrial courts 
{Geiverbegerichtcn) are empowered under certain conditions 
to offer their services to mediate between the parties to an 
ordinary labour dispute. In the ease of a strike or lock- 
out the court must intervene on application of both jmrties, 
and may do so of its own initiative or on the invitation of 
one side. Failing a settlement at a conference iK^tween 
the parties in the ]jresence of the president and assessors 
of the court, the court arrives at a decision on the merits of 
the dispute which is communicated to the parties, who are 
allowed a certain time within which to notify their accept- 
ance or rejection. The court has no power to compel the 
attendance of the parties or the observance of its decision. 
During 1896 there were 41 applications for the inter- 
vention of the Industrial Courts. Eighteen agn;eiiicnts 
I were brought about and 1 1 decisions W'ere pronounced by 
I the courts, of which 2 were accepted by both i)artic5 and 
I 9 were rejected, in 8 cases the courts made unsuccessful 
I attempts to ])romote settlements without pronouncing 
decisions. The above figures are taken from a statement 
prepared for the Reichstag commission for considering 
petitions (1897-98). 

Switzerland , — The canton of Geneva enacted a law in 
1900 providing for the settlement by negotiation, con- 
ciliation, or arbitration of the general terms of employ- 
ment in a trade, subject, however, to special arrangements 
between employers and woikm(‘n in jiarticulor cases. The 
negotiations are to take pLw'c between delegates chosen by 
the associations of cmi»loycrs and eini>loyed, or failing 
them, by meetings summoned by the Council of State on 
sufficient applications. Failing settlement, the Council of 
State, on application from either jiarty, is to appoint one 
or more conciliators from its members, and if this fail the 
central committee of the “ Prud’hoinmes,” together with 
the delegates of employers and workmen, is to form a 
board of arbitration, whose decision is binding. Any 
collective suspension of work is illegal during the period 
covered by the award or agreement. 

United States , — ^In the United States several States have 
legislated on the subject of conciliation and arbitration, 
among the first of such Acts being the “ Wallace ” Act of 
1883, in Pennsylvania, which, however, was almost inopera- 
tive. Altogether, 24 States have made constitutional or 
statutory provision for mediation in trade disputes, of 
which 17 contemplate the formation of permanent State 
boards. The only State laws which require notice are 
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those of Massachusetts and New York providing for the 
formation of State boards of arbitration. The Massa- 
chusetts board, founded in 1886, consists of one employer, 
one employed, and one indeiKsndont person chosen by both. 
The New York board (1886) consists of two representatives 
of different political parties, and one member of a honuirfide 
trade organization within the State. In both States it is the 
duty of the board, with or without application from the 
parties, to proccsed to the spot where a labour dispute has 
occurred, and to endeavour to promote a settlement. The 
parties may decline its services, but the board is em- 
powered to issue a rejiort, and on application from either 
side to hold an inquiry and publish its decision, which (in 
Massachusetts) is binding for six months, unless sixty 
days' notice to the contrary is given by one side to the 
other. Several States (including Massachusetts and New 
York) 2 )rovide not only for State boards, but also for local 
boards. 

In Massachusetts, during 1899, the State board had 
its attemtion directed to 25 disputes (several, as in previous 
years, being in the boot and shoe trade). Of these it 
settled 1 by arbitration, and in 6 others promoted a 
settlement by concsiliation. The remaining cases were 
settled independently of the Board, or were unsettled 
wlien the lleiiort was issued. 

Federal legislation can only touch the question of arbi- 


INTERNATIONAL 

tration and conciliation so far as regards disputes affecting 
commerce between different States. Thus an Act of June 
1898 provides that in a dispute involving serious inter- 
ruption of business on railways engaged in inter-State 
commerce, the Chairman of the inter-State Commerce 
Commission and the Commissioner of Labour shall, on 
application of either party, endeavour to effect a settlement, 
or to induce the parties to submit the dispute to arbitra- 
tion. While an arbitration under the Act is pending a 
strike or lock-out is unlawful. 

Authorities. — For the recent development of arbitration and 
conciliation in the United Kingdom, see the Anrvml Repurti of th^ 
Labour Veparhnent of the Board of Trade on Strikes and Lock-outs 
from 1888 onwards. Since 1890 these reports have contained 
special appendices on the work of arbitration boards. See also 
the Labour Gazette (the monthly journal of the Labour Depart- 
ment) from 1893 onward. The Reports of the Royal Commission 
on Labour (1891-94) contain much valuable infonuation on the 
subiect. For the working of the Conciliation Act see the Reports 
of the Board of Trade on their proceedings under the Conciliation 
Act, 1896. For the earlier history in the United Kin^om — 
CuoMFTON, Industrial OonciluUion (1876) ; PiiioE, Industrial 
Peace (1887). For foreign and colonial developments — the Report 
of the French Office du Travail ^ J)e la Conciliation et de V Arbitrage 
dans Its ConflUs Collectifs entte Patrons et Ouvrters en France et th 
Vfltranger (1893) ; the Annual Reports of the same Department on 
Strikes^ Lock-outs^ and Arbitration ; the Reports of the Massa- 
chusetts and New Fork State Arbitration Boards, and of the New 
Zealand Department of Labour ; and the Labour Gazette. 


ARBITRATION 

I NTERNATIONAL arbitration is a proceeding in 
which two nations refer their differences to one or 
more selected persons, wlio, after affording to each party 
an opportunity of being heard, pronounce judgment on the 
matters at issue. It is understood, unless otlierwlse ex- 
pressed, that the Judgment shall be in accordance with the 
law by which civilized nations have agreed to be bound when- 
ever such law is applicable. An international arbitrator 
may bo the chief of a friendly power, or he may be a private 
individual. When ho is an emperor, a king, or a president 
of a republii*, it is not expected that ho will act jierson- 
ally ; lie may by tacit consent appoint a delegate or 
delegates to act on his behalf, and avail himself of their 
labours and views, the ultimate decision being his only in 
name, lii this respect international arbitration differs from 
civil arbitration, since a j^rivato arbitrator cannot delegate 
his olfico without exjircss authority. The analogy between 
tlie two fails to hold good in another resjiect also. In 
civil arbitration the decision or award may bo made a rule 
of court, after wdiich it becomes enforceable by WTit of 
execution against jicrson or property. An international 
award cannot be enforced directly ; in other words, it has 
no legal sanction beliind it. Its obligation rests on the 
good faith of the jiarties to the reference, and on the fact 
that ]»ul)lic opinion can, with the help of a world-wide 
pres.s, always be brought to bear on any state that may 
seek to evade its moral duty. The obligation of an 
ordinary treaty rests on precisely the same foundations. 
True it is that an international award may be disregarded 
for excess of jurisdiction, ambiguity of language, or corrupt 
conduct on the part of the arbitrator. But each of these 
flaws would bo equally fatal to a private award. Wo have 
said that it is the duty of an international arbitrator to 
decide in accordance with international law. The eminent 
jurist, M. Bluutschli, considers that if he does not the 
award may be set aside. To admit this doctrine would, 
however, lead to endless disputes, since international law 
has never been codified. A fresh arbitration might have to 
be entered on in order to decide, first, what the law was, 
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and, secondly, whether it applied to the matter in hand. A» 
a matter of fact, there is but a single instance on record of 
an award being repudiated, viz., that of the king of Holland 
in 1831 with regard to the north-eastern boundary of the 
State of Maine. That case was, however, a very peculiar 
one. The arbitrator was unable to draw the frontier line 
by reason of the iinjicrfection of the maj^s then extant, 
and his direction for a further topographical inquiry was 
beyond the terms of the reference. The award was, there- 
fore, void for excess just as a xirivate award would have 
been. 

An account of this subject divides itself naturally into 
four parts : a brief sketch of past history ; an examination 
of a few selected instances in which international arbitra- 
tion has been successfully resorted to ; an account of the 
various treaties and projects for securing its future employ- 
ment ; and a short discussion of the limits outside which it 
ajipears to be inapplicable. 

In tho BODRe in which the term is now used, international 
arbitration is essentially a modern product, bince the very exist- 
ence of inturuatiunal i elations is modern. The nearest HMg.rv 
a|q)roach to it before the Christian era was iutermuui- 
cip.il arbitration, as practised in ancient Greece. For example, the 
Amphictyouic Councils occasionally acted as arbitrators between 
one town and another ; in this way a dispute was settled between 
Athens and Delos with regard to a right of precodenco in tho 
temple of Ai>ollo in 344 u c. The ancient Greek towns also- 
.sometimes referred their differences to a third town, or even to- 
private individuals. Thus Sparta arbitrated between Athens and 
Megara with regard to the possession of Salamis ; Periandor 
between Athens and Mityleno with rog.ird to the promontory of 
Sigeum ; and ThemistoclcB between Corinth and Corey ra with 
regard to the island or (as it formerly was) the peninsula of 
Leucadia. At the period of the Peloponnesian war, the practice 
of arbitration had become so well recognized that Thucydides 
(i. 8.5) puts into the mouth of Archidamus, king of Sjiarta, tho 
words, “It is impossible to attack as a wrong-doer any one who 
is Mulling to answer before an arbitral tribunah’* But in all these 
cases the arbitration was between two Hellenic communities. It 
would have been no more possible for a Greek to arbitrate with a 
“ barbarian ’* than to sacrifice at the same altar with him. 

The exclusiveness which checked the development of arbi- 
tration in Greece told against it with tenfold force in Rome. 


i 
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Bepublioan Borne dealt with non-RomanB aa modern European 
eovemments have dealt with inferior native races. When iu 445 
j).c. the Republic was chosen to arbitrate between the towns of 
Anlea and Aricia, she settled the question bv taking the disputed 
land for herself. The same thing o^urred in 180 b.c., when a 
territorial ditference between Neapolis and Nola was referred to 
the Roman Senate, Under the Usesars, frequent recourse was 
had to civil or private arbitration, the procedure of which was 
perfected by the best intellects of the day, but any other kind 
was from the nature of things impossible. The vasLuehS of the 
territoiy of Imperial Rome was such that she hod practically 
• nothing external to herself. She proudly claimed to be **t]io 
ai biter of the universe,” so that the notion of her arbitrating 
with an outside power involved a contradiction in terms. 

The Middle Ages may not inaptly be cliaracteriKcd as a period 
of perpetual conflict — between absolutism and democracy, between 
great feudal lord and rebellious vassal, between (luelph and 
Ghibelline, between Catholic and Protestant. Amid tins clash of 
arms the Popes were not infrequently appealed to, and there are 
several instances of their having acted cither in that cliaracter or 
as mediators. Witness the intervention of Innocent 111. between 
King John and his barons; of Boniface VIII. between Edward 
I. and Philippe le Bel ; of Leo X. between Maximilian and the 
doge of Venice, A similar r61o was filled by the mediicval 
sovereigns, notably by the kings of France. In 1603 a sciieme 
for establishing a General Council was projected by Sully, tlie 
minister of Henry IV., to which the fifteeu states, into which 
Europe was to be parcelled out, wore to submit all their difler- 
cnces. Keedless to say, tho scheme came to nothing. In truth, 
its object was not so much to establish an arbitration tribunal as 
to disestablish and disendow the House of Austria — a result 
which was reached after tho Thirty Years’ War, when northern 
Protestant Germany was severed from the Catholic monarchy of 
the south. A century after the publication of Bully's “Grand 
Design,” a more disinterested and more elal)orate selieme was 
piepared by tho AbbiS St. Pierre for settling all international 
disputes by means of a General League of Christendom. Rous- 
seau says of it that it failed “because it was uiaduess iii its 
author to be wise when the majority of people were fools.” 
However this may be, the seed sown by the good abb^, although 
it fell on barren ground, W'as not destined to ]ieri8h It pro- 
duced a crop of other sebemes later. Jeremy Beutham, in 1789, 
advocated the formation of a General Diet — or Congress — to 
w hich each of the powers should send two deputies, and he sug- 
gested making its decisions coercive by putting any refractory 
state under tho ban of Europe. Immanuel Kant, in 1795, pruposed 
to base all international rigiit on a Federation of Free Slates, the 
civil constitution of each of which was to be made republican. 
Both Bcntham and Kant were, indeed, as “voices crying m the 
wilderne.ss,” for Europe had no “ears to hear” after the war of 
the French Revolution had broken out and had deluged her in 
blood. Yet no sooner had that struggle ended than organized 
eiforts on behalf of arbitration began to manifest themsmves in 
various ways. The first of such efforts was made in 1816 by the 
Society of Friends in New York, In 1835 tho American Peace 
Association presented a petition to the Senate of Massachusetts 
for establishing a * * standing Court of Nations. ” Similar petitions 
were preseiitedsubsequently in Maine and Vermont. The subjeet 
was brought before the United States Senate in December 1837, 
and was referred to tho Committee of Foreign Affairs, which re- 
ported it to be premature. In 1839 the same association presented 
a fresh petition for a similar purpose. This mot with tho same fato. 
In 1853 tho United States Senate voted in favour of inserting arbi- 
tration clauses iu treaties, “the arbitrators to bo eminent jurists, 
having little or no connexion with politics.” In 1849 Mr Richard 
flobden advocated a similar proposition in the British House of 
Commons, and moved for an address to tho Crown praying that 
the Queen would instruct her Foreign Secretary to see that it 
was earned out. He maintained that a treaty for general arbitra- 
tion would bo 08 binding as any other, and that a country which 
<lid not ftilfil its obligation to refer would enter on war “with the 
brand of infamy stamped upon its banners.” Tho motion for an 
address was opposed by Lord Palmerston, then first minister, 
who carried “ the previous question ” by a majority of 176 to 79. 
In 1873 Mr Henry Richard re-introduoed the subject in a some- 
what different form by urging an invitation to foreign powers to 
concur iu a general and pomianeiit system. In sjiite of mucli 
cold water thrown by Mr Gladstone, who had now become 
premier, Mr Richard obtained a majority of ten in his favour. 
The Representative Assembly at Westminster had thus, like the 
Senate at Washington, undergone a change of sentiment in the 
course of a single generation. Motions substantially similar to 
Cobden’s were earned in the Italian Chamber in August 1873, 
m the Dutch Chamber in November 1874, in tho Belgian 
Chamber in January 1875. 

Almost contemporaneously with Mr Richard’s success in Parlia- 
ment, firesh impulse was given to the movement by bodies of 


public or learned men associated together, not for humanitarian 
pur}K>ses, hut for the elucidation of international legal principles. 
The foremost of these was the Institute of International Law 
(VInntitut dt droit international^ which is composed of uicii 
of different nationalities, distinguished m tiiat uepartmciit of 
learning. Its first conference was held at Ghent on 18t)i Sep- 
tember 1873, when a committee was appointed with special inslrue- 
tions to study the question. On this committee the United 
States were represented by Mr Dudley Field, Belgium by M. <le 
Laveleyo, Italy by Signor Pierantoui, Qeimany by Herr (Gold- 
schmidt, Great Britain by Sir William Vernon Harcourt (then 
Professor of International Law at Cambridge). In the saino year 
there was founded in London an “Association tor tlie Relorni 
and Codifioatioii of tho Law of Nations,” which put international 
arbitration in the ftaefront of its programme. Its first mocting 
was held at Geneva in 1874. The name of this body was alteicd 
in 1895 to “The International Law Association.' In 1888 a 
Ihiid association was fonned under (lie style of “ The Permanent 
I’ariiamenlary Committee in favour of Arbitration and Peace,” 
or, as it is sometimes called for shortness, “The International 
Parliamentary Union.” This union has a permanent office at 
Berne. Its first meeting was held in Pans in June 1889, under 
the presidency of tlie late M. Julc.s Simon, and was attended by 
129 members from England and the United States. In July 
1890 the union met again m London under tlic presidency of the 
late iiord Herschell, and a committee was then formed to organize 
similar bodies on the Continent and in America. Tlie meetings 
of the union continue to take plaei y^ aily. 

The disputes whicli have beon determined by inter- 
national arbitration may be arranged in two main groups 
— A. Tho.so which have arisen between state and state in 
their sovereign capacities ; B. Those in which one state 
has made a demand upon another state, osten.sibly in its 
sovereign capacity, but really on behalf of some individual 
or set of individuals whose interests it was bound to pro- 
tect. To the former group belong territorial disputes, 
questions of boundaries on land and of fisheries at sea ; to 
the latter pecuniary claims in respect of acts alleged to 
have been wrongfully done to one or more subjects of one 
state by, or with the authority of, another state. Such 
acta comprise, amongst other things, {a) breaches of neu- 
trality, by aieJing and abetting a belligerent power or by 
permitting hostile operations to take place on neutral soil ; 
(5) unlawful arrests and seizures. The remaining ca.sea 
are of a miscellaneous character, and do not admit of 
separate classification. 

(A.) “Territorial disputes,” says Alexander Hamilton, 
tho eminent American statesman, in the Fedemlist, “ have 
at all times been found one of the most fertile 
sources of hostility among nations.” “ Perhaps,” ^ 
he adds, “tho greatest portion of the wars that have 
desolateci the earth have sprung from this origin.” This 
sentiment, true enough at the close of the 18th century, is 
fortunately no longer correct. Tho settlement of territorial 
disputes by arbitration lias of late been the rule rather 
than the exception. We begin with one which was a serious 
disappointment to Great Britain, having been marred by 
a mistake in the form of the reference, but in which, 
notwithstanding, sh«‘ loyally acquiesced. The treaty^ of 
Washington of 1846 provided that the north-western 
frontier of the United States near the parallel of 49'' N. 
should run in a westerly direction along that parallel to 
the middle of tho channel which seiiarates the continent 
from Vancouver Island, and thence in a southerly direc- 
tion through the middle of the same channel and of Fuca 
Strait to the Pacific Ocean. The dispute was as to the 
precise way in whicli this southern line was to bo drawn. 
It was referred to the German emperor to decide 
whether the lino should pass through Ilosario Strait 
or through the Canal de Haro. The emperor appointed a 
geographer, a jurist, and a diplomat to study the subject 
and to report to him. This they did, and on the 21st 
October 1872 he made an award by which tho channel of 
Haro was divided equally between the contending parties, 
the United States being declared entitled to exclusive 
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v,ar Ilf "ludopomloiico hud eHtablishnd Hottlomoiits 
ymammumim, uloii^ tho cot'^f of Guiunu, of liitich tho most ini' 
poriunt >^UH JCijkovoiul, Hituatod ut tlio jtoint wlieio 
tho Ciivutii, tiio JVTahsaruni, and tho KHHoquibo rivors uiiito. lu 
lfU«, by tiio treaty oi Munster, they were ronfinned in tiio 
])OHscHsiuu of tho territory which they then hold Subsequently 
they extended thnir ]>osts along tho coast as far as the mouth of 
the Aiiiakurii, and inland along the oouises of tho three riversS 
above nariKMl. The British claimed that thoir rights extended to 
the \ihole Cuymii basin, but tho boundary actually insist(‘d upon 
was a line, laid out by Sir Robert Scdiombtirgk iii 1840, and 
known as the Schonihurgk linei which included the district of 
Barima and so much of tho hasin of the Ciiyuni as lies to the west 
of the main stream. This claim was based u])on lJutch occupa- 
tion, actual or constructive, of territory jirevioiisly unoccu]iied. 
The Venezuolaiia claimed the whole country as lai as the Kase- 
quibo, tliat IS to say, more than half of tlio colony of British 
(riiiaiia, as shown on the latest maps. Tlicy alleged that the 
hull of Alexander VI. of 1493 liad granted to Spain all territory 
that she might discover west of a hue dr<wn 100 leagues west of 
the Azores, and that at tho date of the hull the papacy was 
universally recognized us a oonipetcnt international authority, 
narticularlv in matters affecting territory rcei.iiined from the 
licathen. They further alleged that the Spaniards had discovered 
Guiana, and had thus obtained, oven without tlie bull, an 
inclioaio titlo, which they had perfected by exjdoration and acts 
of sovereignty. 

In 1850 it was arraiige<l between tlic two Oovernments that 
neither bhould enter into or encroach upon the territory in dis- 
pute ; but subsequently tlie Veiiozuolans disregarded this arrange- 
ment, and in 1883-84 made grunts and oonuessioiis in tho territory 
claimcrl by tho British. In Novoniber 1880 the British Goverii- 
inont issued a notice to Iho effect that tliese coneessions were 
invalid ; and iu consoqucnce of this notice, and of other differ- 
ences concerning tho proposed erection of a lighthouse upon 
Barima Point, the Venezuelan (ruvernmeut in 1887 broke off 
diploiiiatio relations. In 1890 they suggested arbitration, which 
Great Britain refused on the ground that, as regarded tho tern- 
tery coinorised within the Bchoiiiburgk line, the British title was 
clear and there was nothing to arbitrate about In July 1895 
Mr Secretary Oluoy, on behalf of tho United States, uddrobsed a 
leiigtiiy despatch to the Biitisli Goveriinieiit, urging that tho 
refusal to arbitrate should bo reconsidered, and intimating that 
any attempt to put hostile pressure upon Venezuela would ho 
considered by his Govornnieiit as an infringement of tho Monroe 
doctrine. To this Jjord Salisbury replied that Great Britain could 
not consent to go to arlntratioii in respect of territory actually 
settled and occupied by British sulijects. On 17th December 
l*ro8idcnt Cleveland, in his message to Congress, announced that 
Great Britain having refused arbitration, he intended to appoint 
a commission which should report upon the respective rights of 
tho parties, and ho added: “When such report is made and 
accepted, it will, in my opinion, ho the duty of the United States 
to ru.sist by every iiioaus in its power, as a wilful aggression upon 
its rights and interests, the appropriation by Great Britain of any 
lauds, or the exercise of any governmental jurisdiction over any 
territory, which, after investigation, we shall have determined of 
right to belong to Vi‘inv.iiela ” The effect of this message was to 
ciill forth in the UiiiUmI States a great display of Wiirlike en- 
thiisiasin, and to occasion a fall in tho value of American 
securities amounting to $400,000,000 In England it was re- 
ceived with coiisidiTabln astonishiiieiit but without active re.scnt- 
ment, tho public mind being almost immediately diverted to the 
troubles arising out of Dr Jameson's raid into tho Transvaal. In 
•latmary 1893 the United States appointed their commission, and 
invited tho British Governuiciit to furnish a statement of their 
case. Tile British Goierimient declined to recognize the juris- 
diction ol this cominibHion. Frosli negotiations were then entered 
into for arbitration, on the understanding that tho rights of 
Groat Britain in tho settled territory should be protected. In 
February 1897 a treaty was bigned at Washington between Gro.it 
Britain and Venezuela, in wincli four arbitrators were named, 
VIZ , Lord Horscholl and Sir Richard H(*nn Collins on behalf of 
Groat Britain, and Chief-Justice Fuller and Mr Justice Brewer, 
both of the Supremo Court of the United States, on behalf of 


' ira”di8i^ricTXIltogically important to f enezuela, biU otherwise 
of little value, had been offered to her by the British Government 
at least thico times in tho prolonged course of the negotiation. 
The free navigation of the rivers Aniakuru and Barima was 
secured to Great Britain, which had every reason to be satisfied 
-with tho result. 

Of disputes with regard to fisheries, the two most im- 
portant in recent times are the Newfoundland and the 
Bering Sea cases. The Newfoundland dis- 
pute is a very old one, and is not yet closed. 

By the treaty of Utrecht of 1713 a right was 
reserved to French subjects to catch fish and to 
dry them on that part of Newfoundland which stretches 
from Cape Bonavista to the northern jioint of the .Island, 
and from thence coming down by the western side reaches 
as far as Cajie Jliche. By the treaty of Versailles of 1783 
France renounced tho fishery from Bonavista to Cape 
St. John on the cast coast, receiving in return extended 
rights u][>on the west coast as far as Ca]ie Bay. Neither 
treaty purported to grant exclusive right, but there was 
annexed to the treaty of Versailles a declaration to the 
effect that “Ills Britannic Majesty will take the most 
positive measures for preventing his subjects from in- 
terrupting in any manner by their competition the fishery 
of the French during tho temporary exercise of it which is 
granted to them upon tho coasts of the island of New- 
foundland, and he will for this purpose cause the fixed 
settlements which shall be formed there to be removed.** 
UjKin this declaration tho French founded a claim to 
exclusive fishing rights within the limits named. Various 
conventions were entered into with a view to defining 
these rights in 1854, 1884, and 1885, but they remained 
inoperative, the consent of the Newfoundland Legislature 
— to which they were made subject — having been hitherto 
refused. Mcanwliile the French Government granted a 
bounty to the French fishermen which enabled them to 
undersoil the colonists. Tn 1887 the Newfoundland Legis- 
lature passed an Act forbidding the sale of bait, which 
struck a severe blow at tho French industry. This was 
not, however, the whole cause of difference between Great 
Britain and France. At the date of the treaty of Utrecht, 
and for more than a century afterwards, the French fished 
in this region almost entirely for cod, but subsequently 
they also fished there for lobsters, and about the year 1886 
they erected factories for “ tinning ** or “ canning ** lobsters 
at Port au Choix on tho north-west coast of tho island. 
This, it was contended, was not within the treaty, which 
only contemplated cod fishing, and gave no landing rights 
except in respect of that species of fish. Moreover, the 
colonial fishermen had, prior to 1886, erected lobster 
factories of their own on that part of the coast which is 
known as “the French shore,** so that their trade was 
directly interfered with by the factories at Port au Choix. 
Mutual protests and remonstrances ensued, each party 
appealing to their respective governments to expel the 
intruders. At length, in March 1891, a treaty was signed 
between Great Britain and France by which the two 
nations agreed to refer the lobster dispute to a tribunal 
composed of three jurists named by the two countries in 
common, and four delegates, two from each country, who 
were to act as intermediaries between their respective 



ARBITRATION, I 

governinc&ts and the other arbitrators. The arbitration 
tribunal had held no sitting down to the time of writing 
(1900), but a mdMiA ytvendi was arranged in 1890 by 
which no lobster fisheries which were not in operation in 
July of that year were to be permitted, except with the 
joint consent of the commanders of the British and French 
naval stations. This arrangement has been renewed from 
year to year, and has been the means of keeping the peace. 

Another important fishery dispute arose between Oioat 
• Britain and the United States with regard to the fur seals 
in Bering Strait. The facts are as follows : — 

In the year 1807 the United StJitea Govornment had pur- 
chased from Russia all her territorial rights m Alaska and 
the adjacent islands. Tlio boundary between the 
B9ring two powers as laid down by the treaty for pui chase 
Sm. was a line drawn from the middle of Betiiig Strait 

south-west to a point midway between tlio Aleutian 
and Komandorski Islands, (fividiiig Bering 8ca into two parts, 
of which the larger was on the American side of this line. This 
portion included the Pribyloff Islands, which are tlie principal 
breeding grounds of the seals frequenting tliosc seas. By 
certain Acts of Congress, passed between 1868 and 1873, the 
killing of seals was prohibited upon the islands of the Pribyloff 
group and in “ the waters adjacent thereto,” except upon certain 
specified conditions. No definition of the meaning or the words 
‘‘a(b‘ttoont waters ” was given in the Act. In 1870 the exclusive 
rights of killing seals upon these islands was leased by tlie United 
States to the Alaska Commercial Company, upon conditions limit- 
ing the numboTS to be taken annually, and otherwise providing 
for their protection. As early as 1872 the operations of foreign 
sealers attracted the attention of the United States Goveriimeut, 
hut any precautions then taken seem to have been directed against 
the capture of seals on their way through the passages between the 
Aleutian Islands, and no claim to jurisdiction beyond the three- 
mile limit appears to have been put forward. On 12tli March 
1881, however, Mr French, acting secretary of the United States 
Treasury, in answer to a letter asking for an interpretation of the 
words ‘^waters adjacent thereto” in the Acts of 1868 and 1873, 
stated that all the waters east of the lioundary lino w'<*re con- 
sidered to be within the waters of Alaska territory. In March 
1886 this letter was communicated to the San Francisco Customs 
by Mr Manning, secretary of the Treasury, for ]mbiication. In 
the same summer three British sealers, the Carol ena, (hiuuirdt 
aiid Tkomton^ were captured by an American rovouue cutter sixty 
miles from land. They were condemned by the district ludgo on 
the express ground that they had been sealing within the limits 
of Alaska territory. Diplomatic representations followed and au 
order for release was issued, but in 1887 further cajiluros were 
made and were judicially supported uimui the same grounds. The 
respective positions taken up by the two governments in the 
controversy which ensued may be thus indicated. Tlie United 
States claimed as a matter of right an exclusive jurisdiction over 
the sealing industry in Bering Sea ; they also contended that 
the protection of the fur seal was, upon grounds both of morality 
and interest, au international duty, and should be seemred by 
international arrangement. The British Government repudiated 
the claim of right, hut were willing to negotiate upon the question 
of international regulation. Between 1887 and 1890 negotiations 
were carried on between Russia, Great Britain, and the United 
States with a view to a joint convention. Unfortunately the 
liarties were unable to a^oe as to the principles upon which 
regulation should he based. The negotiations w'ere wi'ecked upon 
the question of pelagic sealing. The only seal nurseries were 
upon the Pribyloff Islands, which belonged to the United States, 
and the Komandorski group, which belonged to Russia. Con- 
sequently to prohibit pelagic sealing would have been to exclude 
Canada from the industiy. The United States, nevertheless, in- 
sisted that suoh^ prohibition was indispensable on the grounds 
T V P®lftgJC sealing involved the destruction of breeding 
stock, because it was practically impossible to distinguish between 
the male and female seal when in the water ; (2) that it was un- 
uecessarily wasteful, inasmuch as a large proportion of the seals 
so killed wore lost.^ On the other hand, it was contended by 
I *11 known cases the extermination of seals 

had been the result of operations upon land, and had never been 
^used by sealing exclusively pelagic. The negotiations came 
to nothing, and the United States fell bark upon their claim 
or nght. In June 1890 it was reported that certain Amcncau 
revenue cutters had been ordered to proceed to Bering Sea. 
Sir Julian Paunoefote, the British ambassador at Washington, 
having failed to obtain an assurance that British vessels would 
not be interfered with, laid a formal protest before the United 
States Government. 
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Thereupon followed a diplomatic controvcisy, in the course of 
wiiioh the United States developed the couteutions which were 
afterwards laid before the tribunal ot arbitration. Tlie claim 
that Bering Sea was niare elavsum \vas abandoned, hut it was 
asserted that Russia had formerly cxcreisetl tlierein rights of 
exclusive jurisdiction which had passed to tin, United States, 
and tbev relied iiUer n/nt upon tho ukase of 1821 by which lonigu 
vessels had been foihidden to approach within 100 Italian mih-s 
of the coasts ot Russian America. It was j»ointed out by Gic.it 
Britain that this ukase had been tlie subject oi piotost both by 
Great Britain aud the United States, and that bv treaties siinilai 
in their terms, made between Russia and em h of the protcsliii;^ 
powers, Russia had agieed zhat their subjects should nut lie 
troubled or nioloHt<‘d in navigating or fishing in any i>art of the 
Pacific Ocean. I’lu Anienoan answer was that the J'aeilic Oeean 
did not include Bering 8oa. They also claimed au interest in 
the fur seals, involving tho right to protect them outside tho 
three-milo limit. In August 1890 Lord Salisbury proposed that 
tho question at issue slioiild he submitted to arbitration. This 
was ultimately assented to by Mr Secretary Blaine on tho luider- 
stunding that certain specific points, which ho indicated, should 
be laid liefore the arbitrators. On 29ih February 1 892 a definitive 
treaty was signed at Washington. Each power W'as to name tw'o 
arbitrator* , and the prosideut of the French Ropnhlie, tin* king 
of Italy, the king of Norway and Sweden, were each to name 
one. The points submitted were as follows:- -(1) What oxelusivo 
jurisdiction in tho sea now kiiow’n as Bering Sea, and what 
exclusive rights in the seal fislicric*^ therein, did Hnssia assert 
and exercise prior, and up to the tin o of, the <*chmoii of Alaska to 
tho United States''^ (2) Ilow f.ii were her claims of jurisdiction 
as to the seal fisheiics recognized and conceded by Great 
Britain? (3) Was the hmly of water now known as llciwig Sea 
included in tho jihiaso “Piuiiic Ocean,” as used iii the treaty 
of 1825 between (heat Britain and Russia, and what rights, if 
any, in Bering Sea W'ere hc‘ld exclusively oyereised by Russia 
after tho said treaty^ ? (4) Did not all the rights of Russia as to 
jurisdiction and as to the seal fisheries in Beiing Sea cost ol the 
w^ater boundary, m tlio treaty between the United States and 
Russia of the 30th March 1867, pass unimpairod to the United 
States under that treaty ? (5) Had tho United States any 

and what right of protection over, or property in, the iur seals 
frequenting the islands of Bering Sea when such seals are 
found outside tho thn-c-niile limit ? In the event of a deter- 
mination m favour of Gieat Britain, the arbitrators weie to 
determine what cononrrent regulations were necessary for tlio 
preservation of tlie seals, and a joint commission was to bo 
appointed by tho two powers to assist them in tho investigation 
of the facts of seal lifo. The question of damages was reserved 
for further discussion, but either party was to he at liberty to 
submit any (question of fact to the arbitrators, and to ask (or a 
finding thereon. The tribunal was to sit at F*aris. The treaty 
was apjiroved by the Senate on 29th March 1892, and ratified by 
the President on 22nd April. 

Tho United States a)>pointed as arbitrator Mr John H. Harlan, 
a Justice of the Supremo Couit, and Mr John 1. Morgan, a 
member of tho Senate. The British arbitrators were Lord Ilanneii 
and Sir John Thompson. The noutrul arbitrators were the Baron 
do Courcel, the Marquis Visconti Venosta, and Mr Giegcrs Giani, 
appointed resiiectively by the presidmit of tlio French Republic, 
the king of Italy, and the king of Norw-ay and Sweden. Tho 
sittings of the tribunal began in February and ended in August 
1893. The mam interest ol the tiroecedings lies in tho second of 
tho two claims put forvvaid on heiialf of the United States. This 
claim cannot easily be stated in language of precision ; it is 
indicated rather than foimulated in the last of the five points 
specially submitted by tho treaty. But its general character may 
bo gathored from tlie arguments addressed to the tribunal. It 
was suggested that tlie seals had some of the characteristics of 
the domestic animals, and could therefore ho tho subject of some- 
thing m the nature of a light of jjroperty. They w'cre so far 
amenable to human control that it was jiossible to take their 
increase without destroying flic stock. Scaling upon land wms 
legitimate sealing, the United States being tlie owneis of tlu 
land, tlio industry was a trust vested in them for tho benefit of 
mankind. On tho other Itand, pelagic sealing, being a method 
of proiuiseuoub slaughter, was ill<*gitimate ; it was cojitra honos 
viorrs and analogous to piracy. Consequently tho United States 
claimed a right to restrain siieli piactices, botli as proprietors of 
the seals and as proprietors and trustees of the legitimate in- 
duhtry. It is obvious that such a right was a novelty hithci Lo 
unrecognized by any system of law. Mr Cartel, therelore, as 
counsel for the United Slates, aiihnntted a theory of international 
jurisprudence which was equally novel. He argued that tho 
determination of tho tribunal must he grounded upon “tho 
principles of right,” that “hv tlie rule or principle of right was 
meant a moral rule dictated by the general standard of justice 
Upon which civilized nations arc agreed,” that “this international 
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standard of justice is but another name for international law/* 
that the particular recognized rules were but cases of the applica- 
tion of a more general rule, and that where the particular rules 
were silent the general rule applied. The practical etfect of this 
contention appears to be that an international tribunal can make 
new law and apply it retrospectively. In spite of this ingenious 
argument, which was strenuously oj>poscd by Sir Oharles Uusaell, 
the leading counsel for Groat Britain, the judment of the arbi- 
trators was in favour of Great Britain on oil points. It only 
remained for the arbitrators to consider the question of regulation 
which had also been submitted to them. Upon this point the 
arguments of the American counsel weie allowed their due weight. 

A close time was appointed for sealing, the use of firearms was 
forbidden in Bering Sea, and pelagic sealing was prohibitt^d 
within sixty miles of the Pribylofl Islands. The award was signed 
and pul>hshcd on 15th August 1893. The question of damages 
which had been reserved was ultimately settled in 1897 by a joint 
conmiisHion appointed by the two powers in February 1 890, the 
total amount awarded to the British sealers being 11473,151.26. 

(13.) We pass now to State action on behalf of individuals. 
The following is an illustration of a dispute of this class, 
which was settled by arbitration nearly forty years after 
the occasion which gave rise to it. On the night of 26tli 
The September 1814, during the war between Great 
General Britain and the United States, the General Arm- 
Arm- gtrongy an American privateer, fired upon the 
etroag.** boats of a British squadron which had just 
entered the port of Fayal, an island of the Azores group. 
The British squadron retaliated next day by cannonading 
the privateer within the limits of the ])ort, and managed 
to destroy her. Fayal and its ]>ort were then, as now, 
Portuguese territory, and the United States claimed to be 
indemnified by the Portuguese Government for the loss of 
the privateer, on the ground that the local authorities had 
committed a breach of neutrality in not interfering on her 
behalf when the British squadron opened fire. By treaty 
of 26th February 1851, it was agreed to submit this claim 
to arbitration, and Louis Napoleon, tlien president of the 
French Republic, was chosen arbitraUir. It was proved 
that the governor of Fayal was aware on 27th February of 
what was going on, but it was also proved that his protec- 
tion had not been invoked by the American skipper until 
after the firing had comiiienced, and that he then at onco 
sent a remonstrance to the British captain requiring him 
to cease hostilities. It was further shown that the guns 
of the fort were insufficient to allow of an armed interven- 
tion by the Portuguese. In these circumstances the arbi- 
trator, while recognizing the principle that a neutral power 
is bound to make compensation to a belligerent whoso 
property has been lost or destroyed within the neutral 
jurisdiction by the hostile action of the opposite belligerent, 
by his award of 30th November 1852 absolved the Portu- 
guese Government from blame (partly on the ground that the 
appeal to the local authorities was too late, and partly 
on the ground that the governor had no force sufficient to 
enable him to interfere with effect). 

This arbitration had an interesting sequel. When the United 
States Government failed to obtain redress from the Portuguese, 
the owners of the nrivateer demanded it at the hands of their 
own Govermnont, alleging tliat by espousing their cause in the 
arbitration proceedings tlie United States had admitted the claim 
against themselves. They succeeded in procuring both the House 
of Representatives and the Senate of the Uniteu States to ])a8s a 
vote m tlioir favour, but the claim was rejected by the Supreme 
Court on the grounds that it was bad, both in law and in morals. 

It IS obvious that to have allowed it would have been to make a 
very awkward precedent. Governments ^\ould have to bo very 
shy in future of arbitrating iii such cases in the interests of 
rivato persons, if whenever the award proved adverse they were 
onnd to oompeusate their clients out of the national exchequer. 

A far more famous arbitration on breaches of neutrality 
took place twenty years afterwards between the United 
States and Great Britain. It is instructive both from the 
historical and the legal point of view, and is, therefore, 
worth stating at some length. 
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In 1861, as is well known, the southern states of North America 
seceded from the rest on the slavery question and set up a separate 
government under President JeffersonDavis. Hostilities 
began with the capture of Fort Sumter by the Confeder- ’ 

ates on 13th April 1861. On 19th April President 
Abraham Linooln declared a blockade of the southern ports. On 
14th May the Bntish Government issued a proclamation of 
neutrality, by which the Confederates were recognized as belli- 
gereuU. This examde was followed shortly afterwards by France 
and other nations. The blockade of the southern ports was not 
at first effective, and blockade -running soon became an active 
industry. The Confederates established agencies in England for • 
the purchase of arms, which they despatched in ordinary merchant 
vessels to the Bahamas, whence they were transhipped into fast 
steamers specially constructed for the purpose. But this was not all. 

In February 1862 they contracted for a gunboat, which they called 
the OreiOf to bo built for them at Liverpool. Mr C. F. Adams, 
the United States Minister, having brought this circumstance to 
the notice of the British Government, an inquiry was ordered 
and the rojiort was that the Oreto was a fast steamer, pierced for 
four guns and generally suitable for warlike purposes, but that 
she was destined for a firm in Palermo. This was enough to rouse 
suspicion, but no positive evidence was obtainable. On 22nd 
March the Oreto left Liverpool and was next heard of, not at 
Palermo, but at Nassau in the Bahamas. There she was seized by 
the Colonial Government, acting upon representations made by the 
British naval authorities. She was, however, released by the 
local courts on the ground that there was no conclusive evidence 
against her. She left Nassau iu the company of a British-built 
ship, from which she received her armament at Green Kay, and 
entered the port of Mobile, whence she afterwards emerged under the 
name of the Florida as a fully equipped man-of-war commissioned 
by the Confederate Government. In October 1865 she was cajitured 
iu Brazilian waters by a vessel of the United States. 

The ease of the Alahavia was still more remarkable. In June 
1862 this ship, originally known as *‘No. 290,’* was being built 
by Messrs Laird at Birkenhead. She was then nearly completed 
and was obviously intended for a man-of-war. On 23rd June Mr 
Adams forwarded to Earl Russell a letter from the United States 
Consul at Liverpool, giving certain particulars as to her character. 
This letter was laid before the law officers, who advised that, if these 
particulars were correct, the vessel ought to be detained. On 
21st July sworu evidence, which was supplemented on 23rd July, 
was obtained and laid before the Commissioners of Customs (who 
were the proper authorities to enforce the provisions of the Foreign 
Enlistment Act of 181 9), but they decliuea to move. On 23rd J u ly 
the same evidence was laid before the law officers, who advised 
that there was sufficient ground for detention. By some accident, 
which has never been satisfactorily explained, but was xirobably 
connected with the severe illness of Sir John Harding, the Queen^s 
Advocate, the papers were not returned till 29th July. Instructions 
were then issued to seize the vessel, but she had already sailed on 
the evening of the 28th. Altliough she remained for two days off 
the coast of Anglesey, there was no serious attempt at pursuit. 
She afterwards made her way to the Azores, where she received 
her armament, which was brought from Liverpool in two Briti^ h 
ships. Captain Semmes tlierc took command of her under a 
commission from the Confederate Government. After a most 
destructive career she was sunk off Cherbourg by the Kearaarge on 
19th June 1864. 

Another vessel, the Nea King^ which had been employed as a 
merchant ship, left London in October 1864 and was met at 
Madeira by the Laurel from Liverpool with men, arms, and 
officers. Her name was then changed to Shenandoah and the 
Confederate flag was hoisted on board her. After a cruise of ninety 
days, during wTiich slie destroyed certain North American vessels, 
she put into Melbourne on 25th January 1865. In spite of the 
protest of the United States Consul she was allowed to remain till 
18th February to effect repairs and to take on board considerable 
supplies of coal and provisions. She also contrived to enlist 
forty-five men. Some investigation was made by the colonial 
authorities, but they were satisfied with her captain’s assurance 
that he had enlisted no one since her arrival. After a cruise in 
the Arctic Seas she returned to Liverpool in November 1865 and 
was afterwards handed over to the United States. 

On these facts the United States Govornment alleged against 
Great Britain two grievances, or sets of grievances. The first 
was the recognition of the southern states as belligerents and a 
general manifestation of unfriendliness in other ways. The 
second was in respect of breaches of neutrality in allowing Con- 
federate vessels to bo built and equipped on British territory. 
Correspondence ensued extending over several years. At length 
in February 1871 a commission was appointed to sit at Washington 
in order, if possible, to arrive at some common understanding as 
to the mode in which the questions at issue might be settled. 
With respect to the Alabama claims the British commissioners 
suggested that they should be submitted to arbitration. The 
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American oommissioners refused unless the principles wliivh 
should govern the arbitrators in the consideration of the facts 
could be first agreed upon.** After some disouuion the British 
commissioners consented that the three following rules should 
apply. A neutral government is bound— (1) to use duo diligence 
to Vevent the fitting out, arming, or equipping within its juris- 
diouon of any vessel, which it has reasonable ground to believe is 
intended to cruise or to carry on vrax against a power with which 
it is at peace, and also to use like diligence to prevent the departure 
from its jurisdiction of any vessel intended to cruise or carry on 
war as above, such vessel having been s{>ecially adapted, in whole 
• or in iiart, within such jurisdiction, to warlike use ; (2) not to 
permit or suffer either belligerent to make use of its ports or 
waters as the base of naval operations against the other, or for the 
purpose of the renewal or augmentation of military supphes or 
arms or the recruitment of men ; (3) to exercise due diligence in 
its own ports and waters, and as to all persons within its jurisdic- 
tion to prevent any violation of the foregoing obligation and 
duties. The arrangements made by the commission wore em- 
bodied in the treaty of Washington, which was signed on 8th May 
1871, and approved by the Senate on 24th May. Article 1, after 
expressing the regret felt by Her Majesty's Government for the 
escape, in whatever circumstances, of the Alabama and other 
vessels from British |>orts, and for the depredations coiiiinitted 
by these vessels, provided that “ the claims growing out of the 
acts of the said vessels, and genorically known as the Alabama 
claims” should be referred to a tribunal composed of five arbi- 
trators, one to be named by each of the contracting mrties and 
the remaining three by the king of Italy, the president of the 
Swiss Confederation, and the emperor of Brazil resiiectivcly. By 
Article 2 all questions submittoa were to bo decided by a majority 
of the arbitrators, and each of the contracting parlies was to name 
one |)erson to attend as agent. Article 6 provided that the arbi- 
trators should be governed by the three rules quoted above, and 
by such principles of international law not inconsistent there- 
with as the arbitrators should dotormino to be applicable to the 
case. By the same article the parties a^eed to observe these 
rules as between themselves in future*, and to bring them to the 
k nowledge of other maritime powers. Article 7 tirovided that the 
decision should bo made within three months from the close of 
the argument, and gave power to the arbitrators to award a sum 
in gross in the event of Groat Britain boing adjudged to be in the 
wrong. 

The treaty was, on the whole, welcomed in England. The 
United States appointed Mr C. F. Adams as arbitrator, and Mr 
.1. C. Bancroft llavis as agent. TJie British Government ap- 
pointed Sir Alexander Cockburn as arbitrator, and Lord Tenter- 
den as agent. The arbitrators appointed by the tliree neutral 
powers were Count Sclopis (Italy), M. Stacmpfli (Switzerland), 
Baron d’ltajuba (Brazil). The first meeting of the tribunal took 
place on 15th December 1871 in the Hdtel de Ville, Geneva. As 
soon as the cases had boon formal^ presented, the tribunal 
adjourned till the following June. There followed immediately 
a controversy which threatened the collapse of the arbitration. 
It was founa that in the American case damages were claimed 
not only for the property destroyed by the Confederate cruisers, 
but in respect of certain other matters known as “indirect 
losses,” viz., the transference of the Amenean marine to the 
British flag, the enhanced payments of insurance, the expenses 
of pursuit, and the prolongation of the war. But this was not 
all. The American case revived the charges of “insincere 
neutrality” and “veiled hostility” which had figured in the 
diplomatic correspondence, and had been repudiated by Great 
Britain. It dwelt at length upon such topics as the premature 
recognition of belligerency, the unfriendly utterances of British 
politicians, and the material assistance afforded to the Con- 
federates by British traders. The inclusion of the indirect 
losses, and the other matters just referred to, caused great 
excitement in England. That they were within the treaty was 
disputed, and it was urged that, if they were, the trea^ should 
be amended or denounced. In October 1872 Lord Granville 
notified to General Schenok, the United States Minister, that the 
British Government did not consider that the indirect losses 
were within tlie submission, and in April the British counter- 
case was filed without prejudice to this coutentiou. On the 15th 
of June the tribunal reassembled and the American argument was 
filed. The British agent then applied for an adjournment of 
ei^ht months, ostensibly in order that the two governments 
might conclude a supplemental convention, it havinc been 
meanwhile privately arranged between the arbitrators tiiat an 
oxtragudicial declaration should be obtained from tlio arbitrators 
on the subject of the direct claims. On 19th Juno Count Sclopis 
intimated on behalf of all his colleagues that, without intending 
to express any opinion upon the interpretation of the treaty, 
they had arrived at the conclusion that “ the indirect claims did 
not constitute upon the principles of international law applicable 
to such oases a good foundation for an award or computation of 


damages between nations.** In consequonoe of this intimation 
Mr Bancroft Davis informed the tribunal on 25111 Juno that he 
was instructed not to press those claims ; and accordingly on 
27th June Lord Tcnterden withdrew his application for an 
adjournment, and the arbitration was allowed to proceed The 
discussion turned mainly on the question of tlie nieasuie of 
“due diligence.’* The United States contended that it uiiist 
be a diligence commensurate with the emergency or with tlic 
magnitude of the results of negligence. The Bntish Govern- 
ment maintained that while the measure of care vihich a govern- 
ment is bound to use iii suoh cases must be dependent more or 
less upon circumstances, it would be unreasonable to lequiri’ thnt 
it should exceed that which the governments of eivilued hiutes 
were accustomed to employ in matters coneerning their own 
security or that of their citizens. The tribunal adopted the 
view suggested by the United States The vessels eomplaiiud 
of wore the Florula and her tenders the Clarence, Tarmiy, and 
Archer; the Alabama and her tender the Tuscaloosa; the 
Shcnanidoah ; the Georgia, the Smnlzr, the Nashville, the Talla- 
hassee, the Chiekainauga, the Sallie, the Jejferson Davis, the 
^fusie, the Boston, and the V, //. Joy. The tribunal found that 
Great Britain \vas rcspousiblo for all the depredations of the 
Flotida and Alabama, and for those committed by the Fhenan- 
doah after she left Melbourne In the case of tlie Alabama the 
court was unanimous ; in the cast* of the Florida Sir A. Cockluirii 
alone, and in the case of the tfhenandoah both he and Baron 
d'ltaiiiba dissented fiom the majority. The tendern were held 
to follow in each case tlie fate rf then princiiials In the cases 
of the other vessels the jiulgnw nt was iii favoui of Great Britain. 
The tribunal decided to award a sum in gross, and (Sir A. 
Cockburn again dissenting) fi\ed the damages at 5,500,000. 
On 14th Se])tomber the award was loirnully puhlislierl aiid signed 
by all the arbitrators except Sir A. Cockburn, w'ho filed a lengtliy 
statement of his reasons. This document eontaiiied an elaborate 
reply to ceitain attacks whicti had been made U]>on the good 
faith of the British Government — attacks w Inch had better lia\ o 
been left unnoticed. They formed no jwirt of tlio issue ; and if 
they W'cre to bo refuted that task was for tlio British counsel, 
not for the Bntish arbitrator. 

The stipulation that the three rules should be jointly sub- 
mitted by the two powers to foreign nations has never been 
carried out. For this the British Government has been blamed 
by some. But there appears to have been a general im])ressioii 
upon both sides, as well as among Continental publicists, that 
the language of the rules w^as not sufTiciontly precise to admit of 
thoir being generally accepted as a canon of neutral obligations. 

Of instances of arbitration on unlawful arrests and seizures 
wo may specially note the following. On 7tli June 1863 
three ofticers of a British shiji, the Forte, stationed 
on the coast of Bio Janeiro had a fracas with 
a Brazilian sentinel, and were in consequence 
arrested by the police and lodged in prison. This being 
notified to the British Consul, he exjdained to tho 
authorities who the ])risoners were, wliereupon they were 
at once liberated. The British Government took up the 
matter and demanded redress from the Brazilian Govern- 
ment. The dispute threatened to be serious. It was 
referred, by consent, to the arbitration of tho king of 
Belgium, who pronounced against the officers, on the 
ground that as they were not in uniform when arrested, 
no insult to the British Navy could possibly have been 
intended. 

In September 18o4 the steamer Be7ijamm Franklin 
and the barque Catherine Augusta, both the property of 
Carlos Butterfield and Co., cleared at New 
York for the port of St Thomas in the Danish 
West Indies. The Catherine Augusta was 
laden with cannon and other war material. At that time 
revolution was supposed to be imminent in Venezuela, 
and there were grounds for suspecting that these tw'o 
vessels were destined to aid the insurgents. On the 
voyage the Catherine Augusta was much damaged by a 
storm, so that it became necessary for lier to land her 
cargo for repairs. The Danish governor, who had re- 
ceived a communication from Venezuela, insisted on her 
giving, as a condition of her landing, security to the 
extent of $20,000 that no breach of the neutrality of the 
port was intended. To this the owners were compelled to 

^ S. L — 71 
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agree. The original expedition, whatever its design, 
appears to have been abandoned, since the two vessels 
remained in the port awaiting the event of some negotia- 
tions for their sale to Mexico. In the meanwhile the 
Jienjamm Franklin had been chartered by the Iloyal 
British Mail Steamship Company for a voyage to Bar- 
badoes and back. She neglected to provide herself before 
starting with tlui permit re(|uired by the local regulations, 
and was accordingly fired at from one of the Danish 
forts. One shot struck her, but did little injury, and her 
voyage was only delayed a day. In 1860 Mr Secretary 
Cass brought to the notice of the Danish Government a 
claitn by Carlos Butterfield and Company in resiject of 
the detention of the two ships and of the firing into the 
Umjamin Franklin, After protracted negotiations, the 
matter was ultimately referred to Sir Kdmnnd Monson, 
then British Minister at Athens. He made his award on 
22nd .January 1890, and decided that both claims were 
unfounded. 

Ill 1888 a Dutch craft, the prujierty of an Amboynose 
firm, drift(»d from her moorings in the Malay archipelago 
and was carried to the island of Bum, no one 
being on board at tlie time. Shortly after- 
Packti *’ wards the owners were informed that she had 
been taken possession of by a whaling -vessel 
called the Rica Farket (.John Carjienter, a British 

subject, being master), then on its way from New South 
Wales, and that Carpenter had transferred the cargo to 
his own ship and had sold it at Batchian. A rom[>laint 
was at once lodged against the master before the officials 
at Macassar, and they, considering that a prirm facia case 
against ilie master had been maclc out, issued a warrant 
for his arrest. Accordingly, on the arrival of the Packet 
at TtTnate, Oar[>enter was seized and brought to Macassar 
to be tried — his sliip proceeding to Batavia without him 
When the facts came to bo further imiuirod into at 
Macassar, it became evident that the wrongful appropria- 
tion, if any such there had been, had taken place on the 
high seas, more than throe miles from land. The court 
therefore hel<l, in conformity with the well-known rule, 
that it had no jurisdiction to interfere. Carpenter being 
answerable for his acts to the British Government alone. 

It therefore ordered his discharge. It \\as now Car- 
|)onter’s turn to complain. When h(5 was set free the 
Bjitavian mail had just left Macassar ; he was coii.soquently 
forced to remain there over three weeks, and when at last 
he reached Batavia, it was too late to take advantage of 
the whaling season in the southern seas. The Packet 
being useless except as a whaling- vessel had to be sold at 
Singapore at a loss. * Heavy damages were claimed against 
the Netherlands Government by all the i)arties interested, 
and a correspondence ensued between that Government 
and the British which extended over four year.s. At 
length, in May 1895, both Governments signed .an arbi 
tnition treaty J)y which they agreed to invite a third 
power to nominate a jurist of undoubted reputation who 
should settle the points in difference. The power chosen 
was Russia, and the Emperor Nicholas IT. nominated, as 
arbitrator, Professor F. de Martens. He, by his award in 
1 897, declared the Netherlands Government liable to pay 
XdS.'iO, distributed as follows : — £3800 to the owners of 
the Packet', £31.50 to Carpenter; £1600 to the remain- 
ing officers and the crew ; each of these amounts to carry 
interest at 5 per cent, as from the date of Carpenter’s 
arrest. 

The latest arbitration on illegal seizure is that known 
as the Dclagoa Bay Railway case, of which the facts are 
as follows : — 

III Deoember 1883 the Portngueae Go vornment granted to 
Colonel M^Murdo, an American citizen, a concession for the 
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construction and working during ninety-nine years of a railway 
from lidrenzo Marques, the port of Delagoa Bay, to the frontier 
of the Transvaal. It was a term of the concession j,. 
that the Portuguese Government should not construct 
or allow within the district of Lorenzo Marques any 
other railway from the coast to the Transvaal parallel to tlie 
M^Murdo line within a distance of sixty miles. It was further 
provided that the concessionaire should have the absolute right 
of fixing the charges both for passengers and goods. In further- 
ance of liis scheme Colonel M'Murdo formed a Portuguese 
company, but this company being unable to raise sufficient 
capital delegated its powers and transferred the bulk of its * 
property to an English company, formed in March 1887 and 
called **The Delagoa Bay ana East African Railway (Limited).” 
The last-named company issued shares and bonds which were 
largely taken up by Colonel M'Murdo and by English investors. 
Beiore the grant of tlie concession of 1883 an agreement had been 
made between the South African Republic and Portugal whereby 
the former hound itself, whenever the Delagoa Bay Railway 
should reach the Transvaal frontier, to continue the line as far 
as Pretoria. At this period the frontier of the Transvaal had 
not been finally delimited, but the Portuguese officials placed it 
in their maps at about 80 kilometres from the coast. The 
Portuguese Government agreed that, if this distance was in- 
creased, the company which had undertaken to make the railway 
to tlie frontier should be allowed a reasonable extension of time. 

On 17th. May 1884 the Portuguese Government promised to the 
Transvaal Government a eonccssiou for a steam tramway {Nirallcl 
to the projected railway in case tlie English company foiled to 
complete the railway by the preseribed date, and also promised 
that the steam tramway should be used iiotli for passengers and 
goods if the Portuguese Government failed to agree with the 
English company as to the through rates to be charged on the 
railway. This promise was embodicil in a commercial treaty 
negotiated by President Kruger (who made a sjiecial visit to 
Lisbon for the jiurposc), and was kept secret from Colonel 
M*Murdo and the shareholders and creditors of the English 
company. Tiio frontier line of the Transvaal was ultimately 
drawn through Komati Poort, a point about five miles farther 
from the coast than tliat shown on the Portuguese maps. The 
Portuguese Governmeiit thereupon required that the railway 
from Lorenzo Marques should bo continued up to the new 
frontier, eight extra mouths (of which five were in the rainy 
season) being allowed for the extension. This was an unreason- 
able term, and was not, and could not be, complied with. At 
the end of the eight months the Portuguese Government de- 
clared Colonel M‘Murdo’s concession forfeited, and seized the 
nearly completed railway. 

The Governments of Great Britain and the United States re- 
monstrated in the interest of the widow of Colonel M'Murdo and 
the other creditors of the English company, the British Qovern- 
niciit going so far as to flespatch a gunboat to Delaf^oa Bay and 
tlircaton to back its remonstrance by force. Here in truth was 
a mans belli with Portugal, for that country appeared to have 
broken its pledges under pressure from, and in deference to the 
political aims of, the Soutli African Republic. Hajipily pacific 
counsels nrovailed. An agreement was como to between Great 
Britain, tne United States, and Portugal, whereby it was referred 
to arbitrators to be named by the Federal Council of Switzerland 
to determine the compensation to bo paid by Portugal to the 
parties interested in the forfeited undertaking, the illegality of 
the proceedings of the Portuguese Govermnent being admitted 
by the form of the reference. The subsequent dates are remark- 
able. The arbitrators were named in 1890, and in that year 
Portugal paid jC 28,000 on account. The court began to sit at 
Berne in 1892 ; the pleadings closed in 1896. It was tlien de- 
cided to appoint a commission of experts to make local inquiries 
and to report When the report came in, the sittings were re- 
sumed, and were not concluded until the summer of 1898. The 
award (which was unanimous) was published on 29th March 1900. 

It directed Portugal to pay to the Governments of Groat Britain 
and the United States within six months from the publication of 
the award the sum of J£612,500 (in addition to the £28,000 paid 
in 1890), together with interest at 5 per cent, per annum ironi 
25th June 1889 down to the time of payment, making a total of 
nearly £1,000,000 sterling. This sum was to be employed in 
compensating the bond-holders and otlier creditors of the Delagoa 
Bay Railway Company according to their several priorities, such 
priorities to bo settled by arrangement between the claimants 
tiiemsolves. The costs of the arbitration were to be borne equally 
by the three governments, that is to say, one-third by each. 

« 

Closely akin to international arbitration is the proceed- 
ing by Mixed Commission, on which all the parties in 
difference are represented. Such commissions have been 
most frequently resorted to for settling the indemnities to 
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be paid to non-combatants in respect of losses occasioned 
bj war. Amongst the earliest of these commissions was ^at 
Mixed appointed under the treaty of 19 th November 
eommlM- 1794, negotiated with Lord Grenville by Mr John 
Mlone. Jay, tho distinguished American lawyer and states- 

man, and known as “ Tho Jay Treaty,” the object of which 
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was to settle the indemnities to be? paid by Great Britain and 
the United States respectively to owners of merchant ships 
captured during the American revolutionary war. Similar 
commissions were a[>pointed in pursuance of tho treaty 
of Vienna of 20th November 1815. In 1843, wholcHale 
claims for indemnity were settled by a mixed commission 


Date of Agreement 
tiO refer. 

Parties 

24th Dec. 1814 
(Treaty of Ghent) 

Great Britain and 
United States 

Do. 

Do. 

29th Sept. 1827 

Do. 

13th Jan. 1868 

Great Britain and 
Portugal 

1871 

Great Britain and 
United States 

Sept 1872 

Slet Dec. 1873 

1874 

3rd Fob. 1876 

Great Britain and 
Portugal 

Italy and Switzer- 
land 

Persia and Afghan- 
istan 

Argentine Republic 
and Paraguay 

Argentine Republic 
and Chile 

Turkey and Greece 

1878 

13th July 1878 
(Treaty ol Beilin) 

14th Sopt. 1881 

Colombia and Vene- 
zuela 

10th Sept. 1885 

24th Dec. 1886 

1st Aug. 1887 

Groat Britain and 
Russia 

Nicaragua and 
Costa Rica 

I’eru and Ecuador 

29th Nov. 1888 

1 

Jan. 1801 I 

1893 

1897 

France and Hol- 
land 

Persia and Afghan- 
istan 

Great Britain, 
Russia, and Af- 
ghanistan 

France and Ger- 

April 1897 

many 

Franco and Brazil 

12th Nov. 1898 

Argentine Republic, 
Chile, and Bolivia 


Tablk I. 

Trrrilnnnl DisputM. 


Aibitrntiii(; Authnrfty 


Mixed coiiiinission 
Do. 

King of the Netherlands 


Oonoral Ulysfles S. Grant, 
Pi-esidont of l/.S. 

Mixed commission 


President of French Re- 
)»ublic 

Mixed commission 

Generals Goldsmid and R. 
Pollock (British officers) 

President of United States 

Ministers of U.S. in the 
two countries 

Representatives of Great 
Britain, Franee, (>cr- 
iiiaiiy, Austria, Hussia 

King Alfonso XII of Spam, 
and on hi.s death the 
(jueeii Regent Chnstina 

Mixed Commission 

President CleveJand 

King of Spain, and on his 
dcatli the Queen Regent 

Emperor of iBussia 

Viceroy of India 

Anglo - Russian com- 
mission 

Mixed commission 

Federal Council of Switzer- 
land 


Mixed eommissiou 


Subject Hntler 


Islands in Passamaqiioddy Bav 
near the mouth of the St 
Croix liver 

Northern boundary of U.S. 
North-east boundary of U.S. 


Sovereignty over island <if 
Bulama, off west coast of 
Africa 

Nova Scotia iisluTies 


'i'orritories and islands in Dela- 
goa Bay 

Boundary hetveeii Italy and 
Canton of '['leiiio 
Boundaries on north - west 
frontier of India 
Frontier dis^mto 

Strait of Magellan and land 
boundaries 

Territorial sovereignty 


Boundary dispute 


Afghan boundary 

Right of navigation in San 
Juan river, &c. 

Territory east of Rio Baniba 


Ib Hull. 


24 th N o v. 181 7 . — Dispute settled 


18tk Juno 1822. — Delimitation 
effected 

9th Aug. 1842.— Award not 
accepU'd by U.S., hut dispute 
settled by Webster-Ashlmitou 
Treaty 

21st Apiil 1870. — In favoiii of 
i’oiliigal 

23ia Nov. 1871.— ^f), 500, 000 
awarded to ( Juuit Britain, the 
American commissioners dis- I 
senting Congiess howeve**, ' 
voted tho full union nl I 

24tli July 1875. -in lavour of | 
Puiiugal ! 

23id Sept 1874. -In lavoiii of, 
Italy I 

Delimitation efiected j 

! 

12th Nov 1878 —In favoiii of* 
Paraguay 

Sept. 18SI. - Delimitation 
effected I 

Ist Juljr 1880.— Thessaly and | 
))art of bminis to be ceded to | 
Greece. Dceisiou embodied in | 
treaty of 11th Juno 1881 

May 1891. — In favour of Col- i 
ombia I 

1 21st May 1886.— Delimitation ; 
effected 

21st March 1888. — Mainly in 
favour ol Costa Rica i 

DelimitaLioij efiected 


Boundaries of French and 
Dutch Guiana 

Frontier of the Hashtadan 
district 

Use of waters of river Kushk . Di.spute settled 


2,"th May 1891. — In favour of 
Holland 

Deliiuitntioii effected 


Hinterland of Togo, Gold Coast 
of Afiica 

Boundary l»etwecn Brazil and 
French Guiana 


Boundary of the province of 
Atacdnni 


11th July 1897. — Dispute 
settled 

1st Dec. 1900 — Awaided to 
Brazil 147,000 8(juaie miles of 
tho disputed teintory to thc| 
Araguay river on the S. and 
Flame iibout 8000M]uaie inilos 
to the N. of tlie 'J'umuc Iliimae 
riioiiiitain.s. Practually in 
favour of Brazil 

25tli March 1899. — Delimit 
at ion eflceled 


after certain preliminary points had been decided by 
arbitration in the following circumstances. France had 
found it necessary to take punitive measures against 
certain Moorish tribes on the West Coast of Africa in 
order to protect her colonies at Senegal from the arbitrary 
exactions by which they were oppressed. With this view 
she blockaded the coast of Portendic, but failed to notify 
the fact to the owners of the British vessels who traded 
with the nations in gum and other exports. Tho result 


' wa.8 that the coniiriercial arrangements of the British 
owners were upset and they claimed compensation at the 
hards of their Govemment. Corresjiondence on the sub- 
ject with the French Government went on for four yeans. 

, It w^as finally agreed to refer to tho king of IVussia the 
j determination of two questions, one of fact, tlie other of 
law. (1) Did the blockade occasion losses to the British 
traders in the exercise of their lawful calling? (2) If yea, 
was France bound to make these losses good ? Tho king 
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of Prussia decided both questions in the affirmative. A damages to be paid to the traders. They were fixed at 
mixed commission was then appointed to assess the 41,770 francs 89 centimes. The precision of these figures 


Table 11. 

Claims in respect qf Seizures and Arrests. 


Dalit of At^uiPtiiunt 
to retur 


14th Fol). ISftl Fratii'o and Spam 


1861 

16th June 1870 
1872 

!7th Aiiff. 1874 
l.'jth Oct, 1879 
26 Lh March 1881 

28tli Fob. 1886 
28tli Feb 1893 
1896 


Great Driiaiii and 
Peru 

United States and 
SiNiin 

Japan and Porn 

United States and 
Colombia 

Franco and Nicar- 
agua 

The Netherlands 
and Hayti 

United States and 
Sftaiii 


Arbitrating Authority. 


King of the Netlierlands 

Senate of Hamburg 

Mixed commission 

Einpci or of Russia 

Mixed commission 

Frencli court of cassation 

PrcHident of French Re- 
public 

Italian minister at Madrid 
British minister at Quito 


United States and 
Ecuador 

Great Hiitain and ' President of Ficnch court 
Belgium ol cassation 


Subject Matter. 


Claims and cross-claims in ro- 
s{)ect of seizures ol vessels in 
1823-24 

Impiisonment by Peru of Capt. 
T Melville White, a Bntish 
subject 

Seizure of American 8.8. Colonel 
Lloyd Aspinwall 

Seizure of Peruvian iNinpie 
Maria Lnz 

Seizure of American s.r. Mcm- 
tijo by insui gents of Panama 

Seizure of French ship IjC Phare 

Seizure of Dutch ship The 
Havana Packet 

Seizure of American b.s. The 
Ma>s(mic at Manila 

Arrest of an American citizen 
at Quito 

Arrest of Mr Ben. Tillett, a 
British subject 


Result. 


Claims adjusted 
Claim disallowed 


16th Nov. 1870.-319,170,260 
awarded to IJ.S. 

17th May 1875. — In favour of 

ilafMin 

27th June 1886.-333,401 
awarded to U.S. 

29th July 1880.-40,320 francs 
awarded to France 

16th March 1883.-140,000 
francs awarded to the Nether- 
lands 

27th June 1885.-35,167,407 
awarded to U.S. 

Ill favour of U.S. 


Jail. 1899. — In 
Belgium 


favour of 


Taiile III. 

Miscellaneous Claims for Damages. 


D.ilc of Agromnent 
to rofiM 

20th Oil. ISIS 
nth April 1839 

ISlh July 18.60 


loth Nov. IS.IS 

15th July 1864 

14th March 1870 

1873 

23rd July 1873 

1874 

24th May 1884 
24th Feb. 1891 


Pat ties 


Arbitnitlng AulUoritj 


Bubjeci Mutter. 


Gicat Britain niid Kmpcrur of Kuhsiu 
I United Slates 

I United States and King of Prussia 
Mexico ' 


L . 


(beat Britain and 
Qieece 


United States and 
(Jhile 


Great Britain and 
Argentine Repub- 
lic 


United States and 
Brazil 

Great Britain and 
Br.izil 


Great Britain and 
France 

China and Japan 


United States and 
Brazil 

France and Veno- 
ziiela 


Mixed commibsion 


' King of the Belgians 


President of Chile 


Biiti'sh Minister at Wash- 
ington 

Envoys of U.S. and Brazil 
at Rio de Janeiro 


Mixed commission 


British minister at F'ekitig 


lion. Wm. Strong, ex- 
jiidge of tlie supreme 
court of U.S. 

President of Swiss Con- 
federation 


Obligation to restore slaves in 
]»ossesRi(m of the Bntish 
Losses of U.S. citizens during 
war between Franco ana 
Mexico 

Losses of British subjects dur- 
ing riots in Athens 


Seizure of specie on board the 
U S. brig Macedonian by 
Lord Cochrane, then admiral 
of Chilian fleet 

Losses arising out of decree of 
Argentine Government pro- 
hibiting vessels from Mouto 
Video to enter Argentine 
ports 

Loss of whale-ship Canada 

(Jlaims by earl of Dundonald 
in lespoct of serviees rendered 
by his father, Adiniial Coch- 
rane, to Brazil tliiring her 
war of indeTOBdenco 

Duties levied in France on 
mineral oils 

Murder of Japanese citizens by 
Chinese in islands of For- 
mosa 

Claims in res^iect of law pro- 
ceedings in Hayti against two 
Aiiierioan citizens 

Claim by French contractor 
in respect of a judgment ob- 
tained by him in Venezuelan 
'courts, of which execution 
was refused by the execu- 
tive 


HeBult 


1 


2l8t April 1822. — In lavoiir of 
U.S. 

Claims only partially settled, 
and war between U.S. and 
Mexico in 1846 

Claims settled, the most re- 
inaikable being that of Don 
Pacifico, a native of Gibraltar, 
and thoicforo a British subject, 
who demanded £21,295 and 
was awarded £150 only 

16tli May 1868. — Chile to re- 
fund tlirue-fifths of the value 
of the specie with interest 

Ist Aug. 1870.— In favour of 
Aigeutiue Republic 


11th July 1870.-310,070,494 
awarded to U S. 

6tb Oct. 1873.— £38,l75awarded 
to Earl Dundonald 


5th Jan. 1874.-314,898 francs 
awarded to British claimants 

500,000 taels awarded to Jajian 


14th Juno 1885. — In favour of 
U.S., but award not enforced 

30th Dec. 1896.-4,346,656 
francs awarded to French 
plaintiff 


shows that the indemnity was for actual losses sustained 
and proved, and not, as in the Alabama case, a round sum 
awarded, os between state and state, to satisfy claims to 


be ascertained thereafter. Another mixed commission 
with very extensive powers w’as appointed under the 
treaty of Washington of 15 th January 1880 between the 
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United Statea and France. This treaty dealt both with 
claims and counterclaims, namely — (1) claims by American 
citizens against the French Government for damages sus- 
tained by them daring the last war between France and 
Mexico, or during that of 1870-71 between France and 
Germany, or during the insurrection of the Commune; 
(2) counterclaims by French citizens against the United 
States* Government for damages sustain^ at the hands of 
American citizens during the War of Secession of 1861-65. 
The commission was composed of three pei*8ons, on© 
named by the French Government, one by the president 
of the United States, and the third by the emperor of 
Brazil The losses sustained by French subjects during, 
the war between Chile and Peru were ascertained in the 
same manner in pursuance of a treaty of 2nd November 
1862. Examples of similar commissions might bo easily 
multiplied, but the practice is too well established to make 
it worth while to particularize them here. 

A large number of international differences, without 
reckoning those already specially noted or the war-in- 
demnity claims just referred to, have been adjusted, or 
put in trim for adjustment, either by arbitration or by 
mixed commissions, since the pacification of 1815. The 
majority of these cases are summarized in the preceding 
tables, which have been compiled in jiart from the volumes 
of Professor Moore and in part from Dr Evans Darby’s 
revised list, respectively mentioned at the end of this 
article. 

Up to this point we have only dealt with arbitrations on 
what may be termed specific differences. There are, how- 
Qenmi in existence several conventions which pro- 

convon* vide for the settlement by international arbitra- 
tfioiis. jjqIj merely of specific differences, but of 

all differences, present and future, which may arise 
between the contracting parties as regards certain subjects, 
e,g., commerce or navigation. Clauses to this effect (clauses 
cfmipromMsotres) have been agreed to since 1862 between 
Great Britain on the one hand, and Italy, Greece, Portugal, 
Mexico, Uruguay respectively on the other hand ; between 
Belgium on the one hand, and Italy, Greece, Sweden, 
Norway, and Denmark respectively on the other hand ; 
between France and Korea; between Italy and Mon- 
tenegro; between Austria-Hungary and Siam; between 
Spain and Sweden and Norway ; between Denmark and 
Venezuela; between the Netherlands and Rumania; 
between Japan and Siam. The conventions of the Postal 
Union of 1874 and 1891, and of 1890 for the inter- 
national transport of goods by rail, arc instances of the 
same class. There are also in existence conventions for 
settlement by international arbitration of all differences 
without exception. Such are the treaties of Quadelupo- 
Hidalgo of 1848 between the TTuited States and Mexico; 
of Belgium with Hawaii and Siam in 1862 and 1868 re- 
spectively ; with Venezuela in 1884, and Ecuador in 1887 ; 
of 1888 between Switzerland and San Salvador and 
Ecujidor ; and of 1 894 between Spain on the one hand, 
and Honduras and Colombia on the other. 

So much has boon actually accomplished. Other schemes for 
general arbitration have been mooted and carried to a certain 
iwint, altliougli they have not yet been realiml. When, in 
December 1882, President Garfield announced in his annual 
message his willingness to assist any measure which might tend 
to secure peace, the Swiss Government responded by ollcring to 
agree to a general arbitration treaty with the Unitea States. A 
draft treaty was accordingly prp]»ared, and submitted to tho 
Swiss Federal Council, winch aaopted it on 24tli July 1883 ; hut 
owing to the death of Mr Secret iry Frolinghuyscn, who had been 
^h® .principal American negotiator, tho project fell through A 
Bimilar proposal was brought forward at the Inter- Aniericaii Con- 
gress held at Washington 3889-90, which WAS attended by 
delegates from the United States and seventeen Republics of 
Central and South America. It took the form of a solemn recom- 
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mendation by the delegates to their respective governments ‘‘to 
adopt arbitration as a principle of American international law 
for the settlement of the difiereiices, disputes, or controversies 
that might arise between two or more o( them A treaty 
to this effect was signed by delegates fiom the IJnitcfl States 
and also from Guatemala, Honduras, Nic^iragua, San Salvador, 
Venesuola, Ecuador, Brazil, and Bolivia, but was not ratified by 
tlie goverumouts named in it within tho prescribed time. An 
attempt to revive it was made by the smaller states in 1891 but 
without siiccesK. 

In 1896 an effort was made by the representatives of Great 
Britain and the United States to provide tor the subnnsMon to 
arbitration of “ all questions in dinercncc between those couiitiu s 
which might fail to adjust themseh cs by diplomatic nogntiations " 
A treaty to this effect was jjrepared and signed on 11th Junuiiry 
1897 by the British ambassador (Sii thihuu Paiiiieefote) and Mr 
Secroiaiy Oliiey. It presented three forms of procedure, oiio lor 
pecuniary claims or gioups of peeiiiiiury elainib winch did not in 
the aggregate exceed £100,000 ; a second for pecuniary chums 
beyond that amount, and a tlnrd for territorial tlaims, iiiclud- 
ing rights of navigation and of access to tislienes. For the 
settlement of the fiist set ot claims, each of tho contracting 
parties was to nominate uno arbitrator who was to bo a jurist ot 
repute, and tho two arbitrators so nominated were to sdect'a thud, 
who was to be tho president of the tiibunal. The award of th<‘ 
majority was to be final. Tho second set of claims w’:ih to be 
referred to a tribunal similarly constituted, but in this ease tlu 
award was only to be final if tiu' tribunal was iinaiiitnous. If not 
unanimous, either of the contracting parties might demand a 
review of the award within six months Iroin its date. In such 
case, the matter in controversy was to be submitted to a tribunal 
consisting of five jurists, no one of whom was to be a im mber ut 
the original tribunal whose awaid was to be reviewed. The fi\e 
jurists wore to bo nominated as follows — two by each of the 
contracting jiariies, and one to act as nmpiie by llie tour thus 
nominated. The award of the majority ot the members was to 
be final. The third set of claims (territonal) was to be submitted 
to a tribunal composed of six members, three of whom, subject 
to a particular exception, were to be judges of the Supreme Court 
of the United States oi justices of Circuit Courts to be nominated 
by the president of the United States, the other three btiug 
judges of the British Sufireme Court ot Judicature or members 
of the Judicial Committee of tho rn\y Council nominated by 
the British Crown. The award in this case was to be final it 
made by a majority of five to one. In the event of its being less 
than five to one, it was not to be binding if )>rote8ted against by 
either party within three months ot publication. If so protested 
against, or if there w’as no award by reason of tlio numbers being 
equally balanced, there w'as to be no recourse to hostile measures 
of any description until the mediation of one or more tnendly 
powers had been invited by one of the contracting parties In 
spite of tho elaborate care and caution with which this treaty 
was drawn, it remains a dead letter for want of latification l>y 
the res}>eeUve governments on whose helialf it was signed, ft 
maybe that its very elaborateness has j»roied a bar to its sucer.ss, 
just as a }>arade ot too many safety apiJianees on the eve of a 
mountaineering expedition is apt to unbrace our nerves and 
enhance our sense of daiigrr. 

The plan of CBtablishing a standing arbitration tribunal 
advocated by Jeremy Bcntbam has been already referred 
to. In 1838 the New ^'ork Peace Society proposed to 
establish a Board of International Arbitration, and tho 
idea wa.s furtlier worked out in 1842 by James Mill. 
Subso<)uently Mr Dudley Field in America, Dr Gold- 
schmidt in Germany, Sir Edmund Hornby and !Mr Leone 
Levi in England, successively produced draft rules of pro- 
cedure by which, unless otherwise agreed, the jiermanent 
court was to bo bound. Dr Goldschmidt’s rules were 
revised and adopted by the Institute of International Law 
in 1875, and again considered by the inter- Parliamentary 
Conference held at Brussels in "l 895. All these efforts, 
however, excellent as tliey were in their generation, have' 
been thrown into the shade by the work of the Peace Con- 
ference initiated m 1898 by the emperor of Hague 

R.issia, and held at the Hague in the following Confer- 

year. On 24th August 1898 Count ^furavieff 
handed to all tho foreign representatives accredited to 
the court of St. Petersburg a circular informing them 
that the Tsar yiroiiosed to their respective governments the 
holding of a Conference which sliould occupy itself with 
the grave question of tho excessive armaments which 

• 
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weighed upon all nations with a view of putting an end 
to tlieir progressive development/' This circular was 
shortly followed by another setting forth a preliminary 
draft ]»rograinine for the Conference, which embraced not 
only the reduction of armaments and the more humane 
conduct of warfare, but also *‘the employment of good 
oilices of inediation and arbitration in cases lending them- 
selves thereto." The Conference met on 18th May 1899 at 
the Hague, and was attended by delegates from nineteen 
states under the presidency of Baron de btaal, the Kussian 
ambassoilor at London. Other well-known delegates were 
Sir Julian Pauncefote (afterwards Lord Pauncefote), British 
ambassador ut Washington ; Mr Seth Low, president of 
Columbia University, New York; M. Leon Bourgeois, 
ox-preiiuer of France, Count Munster, Uerman ambassador 
at Paris. The Conference was divided into two sections, 
the province of the first being to deal with the limitation 
of armaments ; of the second, with the laws of warfare ; of 
the third, with mediation and arbitration. At ouo of the 
early sittings of the third section (over which M. Bour- 
geois presided), Baron de Staal produced a draft con- 
vention for rendering arbitration compulsory in certain 
cases and optional in others. Under the compulsory class 
were ranged dis})utes relating to ijocuniary damages sus- 
tained by a state owing to the illegal or negligent action 
of another state — disputes relating to the interjiretation 
of ])ostal, telegraph, and railway conventions, of con- 
>ontious relating to the navigation of international rivers, 
and divers other matters. To this convention (officially 
described as the “ liussian project ") was ajipcnded a draft 
code of jirocedure closely resembling that under which 
the Venezuelan arbitration w^as at that moment being 
conducted in Paris. Sir Julian Pauncefote took a bolder 
line. He urged, in a few pithy sentences, the importance 
of organizing a permanent international tribunal, the 
services of wliich might be called into requisition at will, 
and produced to the committee a short sketch of the 
mode m which such a tribunal might be set up. llis pro- 
]K)sitiou met with general acceptance, and tlie committee 
then proceeded to settle the necessary details for carrying 
it out, adopting in the main ilie code of procedure which 
had been suggested by Bussia. 

Till' result was cinboiiioil ni twouty-sevrn articles, of wluch only 
tlio iiiiKst important can bo noted hero. (Art. 2>J) Kach of the 
signatiiiy pu\\ors is tu designate within tliree montbs from the 
ralilu'atiou of the (Jon ven lion four ])ersous at the most, of recog 
iiLzed eonqieteiice m international law, enjoying the highest 
moral eoiisiileialiou, and willing to accept the duties of arbi- 
trators. Two or more ])owers may agree to nominate one oi moie 
members iii coininoii, or tlie same person may he nominated by 
(lillcreiit iKJwers Members of tlie court are to be ap{K)iuted tor 
SIX years, and may lie re-iioiiiinated. (Art. 25) The signatory 
powers desiring to apply to the tribunal for the settlement ol a 
diirerence between tliein are to notify the same to the arbitrators. 
Tlie arbitrators who are to determine this differeuuo are, unless 
otherwise specially agreed, to he chosen from the general list of , 
members in the lullowiug nmiiiier : — each ]jartv is to name two 
arbitrators, and tiiese are to choose a chief arbitrator or umpire 
{mr-arbUrc). If tlie votes arc equally divided the selection of the 
chief arbitrator is to he eiiiriistea to a third power to bo named by 
the parties. (Art. 25) The tribunal is to sit at the Hague when 
]iracticablc, unless the nartuis otherwise agree. (Art. 27) ** The 
signatory powers eonsiaer it a duty in the event of an acute i 
conflict threatening to break out between two or more of them to I 
reiuintl these latter that the permanent court is open to them. 
This action is only to ho considered as an exercise of good offices." 

Tlie procedure of the court is pro]K>8od to bo regulated by twenty- 
seven articles, in which the following points are the most im- 
portant. The agent of each party is nrst to communicate to the 
court and to the opposite |)arty all deeds and documents on which 
it projioses to roly, one copy at least being in the language which 
tlie court authorizes to be used before it. After the aocumentaiy 
evidence has been lodged, the oral argument is to begin. This is 
to bo taken down in writing, but it is only to bo made public with 
the consent of the parties. The members of the tribunal may 
question the agents and counsel on any |>oiut which they desire 
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to have cleared up. The tribunal is to be the sole jud^e of the 
extent of its own jurisdiction and of the rules of international law, 
if any, which are applicable to the case. The deliberations of the 
court are to take place with closed doors. The decision is to be 
that of the majority, and is to sot forth the reasons on which it 
18 based. It IS to be in writing and signed by all the members, 
the minority momliers when appending their signature Indug at 
liberty to signify their dissent. There is to bo no appeal ; but if 
a new fact is discovered, which was unknown at tiio time belli 
to the tribunal and to the party alleging it, and the fact bo such 
that hod it been then known it might nave exorcised a decided 
influence on tlie decision, that decision may be revised. Before, 
however, revision can be liad, the tribunal must recognize tlie 
existence of the now fact or facts and admit them to have tlie 
characteristics just mentioned. 

Tho Hague arbitration Convention was signed on 29tli 
July 1899, on behalf of France, llussia, the United States, 
and thirteen other powers. It w^as also signed a few days 
later on behalf of Great Britain. On 4th September 1900, 
all the {lowers represented, with the exccjition of China, duly 
dc|X)sited formal ratifications of the Convention at the 
foreign office of tho Dutch Government. Several of the 
{lowers nominated members of the Permanent Arbitration 
Court, pursuant to Art. 23 mentioned above, those 
nominate on behalf of Great Britain being Lord Pauuce- 
fote. Sir Edward Malet, Sir Edward Fry, and Professor 
Westlake. 

Although, ill some of the treaties and most of tlie 
{projects enumerated above, the range of matters {iroper to 
be dealt with by international arbitration is 
assumed to be unlimited, there is a general 
consensus of o{)iuion amongst specialists that 
some limitation there must bo. Bluiitschli, liouard de 
Card, Goldschmidt, Kamarowski, Ferdinand Dreyfus, 
Michel llevon, all exclude questions of national inde- 
pendence, and some of them also exclude questions of 
“national honour" and of “territorial integrity." The 
language in which these reservations are couched is not, 
however, {mrticularly ha{>iiy, since it is o{)en to more in- 
terpretations than one. What, for instance, is meant by 
the {ihrase “national independence" in this connexion? 
If it be taken in its strict accejitation of autonomous state 
sovereignty, the exception is somew^hat of a truism. No 
self-respecting power would, of course, consent to submit 
to arbitration a question of lile or death. This would be 
as if a man were to commit suicide in order to avoid fight- 
ing a duel. On tho other hand, if the exce{»tion be taken 
to exclude all questions which, when decid(*d adversely to 
a state, imjioso a restraint on its freedom of action, then 
the exce]>tioTi is too wide, since it would exclude such a 
question as the true interpretation of an ambiguous treaty, 
a subject with wdiich ex{ierience shows international arbi- 
tration is well fitted to deal. Again, we may ask, what 
is meant by the jihrase “national honour"? It was 
thought at one time that the honour of a nation could 
only be vindicated by war, though all that had hap{)ened 
was the slighting of its flag or its accredited representative 
during some sudden ebullition of local feeling. France 
once nearly broke off {leaceful relations with Spain because 
her ambassador at London was assigned a {ilaco below 
the S{>aui8h ambassador, and on another occasion she de- 
s{)atched tnx>ps into Italy because her ambassador at Borne 
hod been insulted by the friends and partisans of the Po{)e. 
The truth is that the extent to which national honour is 
involved de{)cnds on factors which have nothing to do with 
the- immediate subject of complaint. So long as general 
good feeling subsists between two nations, neither will 
easily 4Ake offence at any discourteous act of the other. 
But when a dee{i-seated antagonism is concealed beneath 
an unruffled surface, the most trivial incident will bring it 
to the light of day. “Outraged national honour" is a 
highly elastic phrase. It may serve as a pretext for a 
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serious quarrel yrhether the alleged “outrage be great or 
small A similar criticism may be })assecl on the phrase 
“territorial integrity.*' Every boundary dispute is a dis- 
pute about territory, and nothing is easier than for a 
state to declare that the tract of land it covets forms, 
or — ^like the ai^gvluB Ule of Horace-— ought to form, an 
integral part of its dominions. Yet, as we have seen, this 
class of dispute is just that which has beeu most frequently 
arbitrated on, and in nearly every case successfully. 

* Weighing, then, each of these exceptions in the balance, 
and finding them all wanting in precision, we prefer 
to discard them altogether and to cast about for a fresh 
classification. M. Despagnet has suggested one in his work 
on Pvhlie InUfrwUimal Law (Paris, 1894) which is both 
convenient and complete. All state differences, this writer 
points out, may be classed, as regards their subject matter, 
under one of two heads — (1) those which have a legal 
character, (2) those which have a political character. 
Under “legal differences" may be ranged as many as are 
ca|)able of being decided, when once the facta are ascertained, 
by settled, recognized rules, or by rules not settled nor 
recognized but (as in the Alabama case) taken to be such 
for the purpose in hand. Boundary cases and cases of 
indemnity for losses sustained by non>combatants in time 
of war, of which we have already mentioned several 
instances, belong to this class. To it also belong those 
cases in which arbitrators have to adapt the provisions of 
an old treaty to new and altered circumstances, somewhat 
in the way in which English courts of justice apply the 
doctrine of cy^pres. Of these last the Newfoundland 
fishery case is an illustration. “ Political differences," on 
the other hand, are such as affect states in their 
external relations or in relation to their subjects or 
dependants who may be in revolt against them. Some 
of these differences may be slight, whilst others may be 
vital, or (which amounts to the same thing) may seem 
to the ])arties to be so. All differences falling under the 
first of these two general heads ajipoar to be suitable for 
international arbitration. Differences falling under the 
second general head are for the most part unsuitable, and 
may only be adjusted (if at all) througli the mediation of 
a friendly jiower. 

The interesting problem of the future is, Arc we to 
regard this condition of things as permanent or os transi- 
tory? The answer depends on several considerations 
which can only be glanced at here. It may be that, 
just as the usages of civilized nations have slowly crysbil- 
Iized into international law, so there may come a time 
when the political princijdes that govern states in relation 
to each other will be so clearly defined and so generally 
accepted as to acquire something of a legal or quosi-Iegal 
character. If they do, they will pass the line w’bich at 
present separates arbitrable from noii-arbitrablc matter. 
This is the juridical aspect of the problem. But there is 
also an economic side to it by reason of the conditions of 
modern warfare. As M. de Bloch has explained at some 
length in his monumental treatise on the subject, war has 
become much more terrible now than formerly, in con- 
sequence of the increase of armaments and the greater 
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perfection of weapons of destruction. Alreaily the nations 
are groaning under the burdens of militansm, and are 
for ever diverting energies that might be employed in 
the furtherance of useful productive work to purj>ose.s of 
an opposite character. The interruption of nmntimc 
intercourse, tho stagnation of industry and tiadc, tlie 
rise in the price of the necessaries of life, the imposhibility 
of adequately providing lor tin? fain dies of tliose — cull 
them reservists, Uindwtkr^ or what you will — who arc 
torn away from their daily toil to scrNc in tlie tented field, 
— these are considerations that may well make ns })ausc 
before we abandon a )>caccful solution and appeal to brute 
force. Lastly, there is the moral aspect of the ]>robleni. 
In order that international arbitration may do its perfect 
work, it is not enough to set up a standing tribunal, 
whether at the Hague or elsewhere, and to equip it with 
elaborate rules of procedure. Tribunals and rules are, 
after all, only machinery. If this inochineiy is to act 
smoothly we must improve our motive power, the source 
of which is human [Wission and sentimcnl. Although 
religious animosities between Christian nations have died 
out, although dynasties may now rise and fall without 
rousing half Europe to arms, the springs of warlike enter- 
prise are still to l>e found in commercial jealousies, in 
imperialistic ambitions, and in the doctrine of th * survival 
of the fittest which lends scientific Hiipi>ort to both. Thes** 
must one and all be cleared off tiie world's stage before we 
c^n enter on that era of universal peace towards the attain 
ment of which the Tsar declared, in his famous circular c»i 
1898, the efforts of all governments should he directed. 

Autuokities. — Amongst 8]>ecial troatiseb are -Kamaiu)V\’sk\, 
Le tribunal international (traduit par Serge de Westinan), Parib, 
1887 ; RouAlii) l)E Caiip, Les deatm^ea de rarhitra(jetnfemaiion(il, 
depuia la sentence rendue par Ir tribumil de Geneve ^ Bans, 1892 , 
Michel Rbvon, Varhitrage intematumaly J*ans, 1892 ; Ales- 
SAKUHO Coiisi (Marchose), ArhUraU Inter nazimmiif l^iso, 1891 , 
Feiuhnanu Dkkvfi’s, Ij arbitrage international y Pans, 1891 
(where tho earlier authorities are collected); A. Mkuionhai, 
Traxti de Varhitrage intematimaly Pans, 1895 ; Le Ciikvaliek 
Desoamps, Essai sur V organisation de Varhitrage intemafumuf, 
Bruxelles, 1896 , Kerai D-Uiuacp, “lies trailes (Parbilrage mU-r- 
iiational general et i>erniaiieut,’' Jieiue de dnnt ’international ^ 
Bruxelles, 1897, Of similar voiks iii Knghsli there is a singulai 
ih-arth. Tho most important is by au Aiiieiican, .1. B. Moore, 
History of the International Arfntrat ions to ivkieh the United Slates 
has been a Parly y Washington, 1898. Tlie Aiijiendice.s to this 
work (whieh is in six volumes) contain, with much other mailer 
of great value, full historical notes ol aibitrations between other 
powers. Arbitration and Mediation will be iound briefly noticed 
in Phillimouf’s Intcmatwnal Law, in Sir Henry Maikj-’s 
Leeiurca delivered in Cambiidgi tn 1887; iii W. E. Hall's 
International Law (Clarendon I’lcss, Oxford) ; and moieat length 
in an interesting paper eontrilmted by Mi John Wes hake to 
the International Journal oj EthicSy Oct. 1890, which its autlior 
has reprinted privately. A London journal. The Htrald of Peace 
and International Arlntiafion, issued some years ago a list ol 
instances in which arbitration or modiution liacl been suecessfulh 
resorted to during the 191Ii century. The late Mr Dudley Field, 
of New York, subsequently enlarged this list which lias )»ccii 
revised dowm to 1899 by Dr W. Evans Darby, and is imblislicd, 
along with the texts of several projects for unlimited arbitration, 
at tlie oflices of tho Peace Society, 47 Now Brood Street, London. 
A History of the Hague Conference y 1899, has been published by 
the Inlernational Arbitration Association, 40 OuUir Temple, 
l^ndon. (M. H. (\) 


Arboratum> — ^That part of a botanical garden 
which is reserved for the growth and display of trees is 
technically called an Arboretum. The term, in this 
restricted sense, was seemingly first so employed in 1838 
by J. C. Loudon, in his book upon arboreta and fruit 
trees. Professor Bayley Balfour, F.K.S., the Regius 
Keeper of the Royal Botanic Garden in Edinburgh, has 


described an arboretum as a living collection of species 
and varieties of trees and shrubs arranged after some 
definite method -it may be projicrties, or uses, or some 
other principle,— but usually after that of natural likeness. 
The plants are intended to be specimens showing the 
habit of the tree or shrub, and the collection is essentially 
an educational one. According to another point of view, 
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which is favoured by Mr Charles Jordan, the Super- 
intendent of Hyde Park, London, an arboretum should 
be constructed with > egard to picturesque beauty rather 
tlian systematically, although it is admitted that for scien- 
tific purposes a systematic arrangement is a nine qud nouL 
In this more general respect, an arboretum affords shelter, 
improves local climate, renovates bad soils, conceals objects 
unpleasing to the eye, heightens the effect of what is 
agreeable and graceful, and adds value, artistic and other, 
to the landscape. What Loudon called the ** gardenesque ** 
school of lands(»ipe naturally makes {larticular use of trees, 
liy common consent the arboretum in the lioyal Botanical 
Gardens at Kew is the finest in the world. Its begin- 
nings maybe traced back to 1762, when, at the suggestion 
of Lord lluto, the Duke of Argyll’s trees and shrubs wore 
removed from Whitton Place, near Hounslow, to adorn 
the Princess of Wales’s garden at Kew. The duke’s 
eol lection was famous for its cedars, pines, and firs. Most 
of the trees f)f that date liave perished, but the survivors 
embrace some of the finest of their kind in the gardens. 
The botanical gardens at Kew wore thrown ojien to the 
public in 1841 under the directorate of Sir William 
Hooker. Including the; arboretum, their total area did 
not then exceed 1 1 acres. Four years later the jileasure 
grounds and gardens at Kew occupied by the king of 
Hanover were given to the nation and placed under the 
care of Sir William for the express jmrpose of being 
converted into an arboretum. Hooker rose to the 
occasion, and, zealously reinforced by his son and successor, 
Sir Joseph — patre claro flit us clarior^ — established a 
collection which is alike the envy and admiration of the 
iKitanists of every country. The Kew nursery dates from 
18r)0 and the new pinetum from 1870. Of the total 
acreage (250) of the Gardens, no fewer than 180 acres are 
monopolized by the arboretum. Of the more specialized 
arboreta in the United Kingdom the next to Kew are 
those in tlie Koyal Botanic Garden in Edinburgh and the 
Glasncvin Garden in Dublin. The gardens of the Royal 
Botanical Society in London are beautifully wooded, but 
owing to the limited space at its disposal (18 acres), the 
Society has not been able to make a speciality of trees. 
This is also true of the oldest botanical garden in Gn^at 
Britain, at Oxford, which was founded in 1632. The quaint 
“ Physic ” garden at Chelsea, which Sir Hans Sloane gave 
to the Apothecaries’ Society, is devoted to mtidicinal plants 
and herbs. In the Botanical Gardens at Glasgow, where 
Sir W. J. Hooker laboured before his transference to Kew, 
there are many choice trees, and in Bournemouth the 
gardens of tlie Evergreen Valley constitute to all intents 
and purposes an arboretum, even to the labelling of the 
sjiecimens. In the United Slates the Arnold Arboretum 
at Boston ranks next to Kew for size and completeness. 
It takes its name from its donor, the friend of Emerson. 
Ifc was originally a well -timbered park, which, by later 
additions, now covers 222 acres. I^actically, it forms 
part of the ])ark system so characteristic of the city, being 
situated only four miles from the centre of population. 
Tlierj? IS a fine arboretum in the botanical gardens at 
Ottawa, in Canada (G5 acres). On the continent of 
Europe the classic examjde is still the Jardin des Plantes 
in Paris, where, hoivever, system lends more of formality 
than of k^aufy to the general effect. Of course superb 
collections of trees were made Uffore arboreta, as such, were 
devised. Noblemen and other wealthy amateurs collected 
trees, as other rich men collected paintings or books. 
They spared neither jiains nor money in acquiring speci- 
mens, even from distant lands, to which they sent out 
cxiKirt collectors at their own charges. This, too, the 
Royal Horticultural Society (founded, 1804 ; charter, 1809) 
was once wont to do, with fruitful results, as in the case 


of Mr David Douglas’s remarkable expedition to North 
America in 1823-24. It will be remembered that when 
the Laird of Dumbiedikes lay dying {The Heart of 
Midlothiam^ chap, viii.) he gave his son one bit of advice 
which Bacon himself could not have bettered. Jock,” 
said the old reprobate, **when ye hac naething else to 
do, ye may be aye sticking in a tree ; it will be growing, 
Jock, when ye’re sleeping.” Sir Walter assures us that 
a Scots earl took this maxim so seriously to heart that he 
planted a large tract of country with trees, a practice « 
which in these days is promoted by the English and Royal 
Scottish Arboricultural Societies. 

For the cultivation of trees, both in its technical and economic 
sense, the reader is referred to the exhaustive article on Akboki- 
OULTITHB ill the ninth edition of this work and the article on 
Kokesth in this Supplement. (j, a. M.) 

ArbrOftthf a royal and parliamentary burgh (Mon- 
trose group), seaport and manufacturing town of Forfar- 
shire, Scotland, 77 miles N.N.E. of i^inburgh by rail. 
Spinning and weaving factories numlier over 30, and there 
are engineering works, boot factories, and chemical works. 
In 1877 the old harlxiur was converted into a wet dock, 
and the new harbour and entrance deepened. There is a 
shi])building yard, and at the end of 1898, 11 vessels of 
1959 tons were registered as belonging to the port. 
Entrances and clearances were : — 1898, entered 243 vessels 
of 30,588 tons, cleared 24G vessels of 29,435 tons. Recent 
erections include two churches, parish church (rebuilt), free 
library, guild hall (rebuilt), and academy. Population 
(1881), 21,995; (1901), 22,372. 

ArCAChonp a modem sca-sido town of France, 
department of Gironde, arrondissement of Bordeaux, 37 
miles W.S.W. of that city. It comprises two distinct 
parts, the summer town, extending for three miles along 
the shore on a firm sandy beach, and the winter town, 
more inland, with numerous villas scattered amongst pine 
woods, resorted to by consumptive patients. The neigh- 
bouring forest has an area of about 1300 square miles. 
The principal industries are oyster -culture and fishing. 
The former is conducted on a very large scale ; there are 
5900 oyster jiarks, covering an area of over 8000 acres, 
yielding, in 1898, 319,772,100 oysters, of the total value 
of £1 12,000. The i)ort has trade with Spain and England. 
Population, 8000. 

Arehp Joseph (1826 ), founder of the 

National Agricultural Labourers’ Union, was born at Bar- 
ford, a village in Warwickshire, 10th November 1826. His 
parents belonged to the labouring class. He inherited a 
strong sentiment of independence from his mother; and 
his objections to the social homage expected by those 
whom the catechism boldly styled his “ betters ” made' 
him an “agitator.” Having educated himself by imremit- 
ting exertions, and acquired fluency of sjieech as a 
Methodist local preacher, he founded in 1872 the National 
Agricultural Labourers’ Union, of which ho was president. 

A rise tlion came in the wages of agricultural labourers, 
but this had the unforeseen effect of destroying the union , 
for the labourers, deeming their object gained, ceased to 
“ agitate.” Mr Arch nevertheless retained sufficient popu- 
larity to be returned to Parliament for North-west Norfolk 
in 1885 ; and although defeated next year owing to his 
advocacy of Irish Home Rule, he regained his seat in 
1892, and held it in 1895, retiring in 1900; He was 
deservedly respected in the House of Commons ; seldom 
has an agitator been so little of a demagogue. A 
biography written by himself or under his direction, and 
edited by Lady Warwick (1898), tells the story of his 
career. 
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I T is i)ropoaed in the present article to give some account 
of the progress and the results of archaeological inves- 
tigation in regard to the monuments of ancient Greece 
and Itome in the years since the publication of the ninth 
edition of this work. The articles on classical archaso- 
• logy and architecture were published in 1875, that on 
gems in 1879, that on pottery in 1885, that on terra- 
cottas in 1888, Generally speaking, therefore, we have 
to report the progress of twenty-live years. It is not 
intended here to re-discuss questions considered in the 
articles above mentioned, except so far as this may be 
made necessary by the discjoveiy of new materials. For 
an account of the excavations carried on at various 
classical sites in recent years, the reader is referred to 
special articles in the present publication. Es])ecially we 
must mention the articles on Athens, Eleusis, Mycenm, 
CJyi>rus, Epidaurus, Megalopolis, Dodona, Rome, i)eli)hi. 
Tn the present article the results of these excavations will 
be considered, not on the tojiographic or architectural side 
{see Architbcture, II.), but only in so far as they have 
extended our knowledge of ancient art, especially of scnlj)- 
ture. We begin with a general account of the progress 
made in institutions, in publications, and in excavations 
c'onnected with classical archmology ; afterwards we shall 
give, under periods, a more detailed account of recently 
(liscovered monuments and works of art, with the informa- 
tion to be derived from them. 

Archueolofficid Tn$titult », — Perliapa in no resiiect has 
the activity of the last quarter of the 19th century been 
more marked than in the founding and organization of 
institutions for the forwarding of archfieological research. 
Tlie old international “Institute di Corrispondeuza 
Archeologica ” has been transmuted into the Roman 
branch of the German Archaeological Institute. That 
great institution, which is the main centre of archaeo- 
logical activity, has its headquarters at Berlin, with 
branches at Rome and Athens. The French have also 
schools at Rome and Athens, as have now the English 
and Americans. Austria has recently established a 
ixiwerful institute, with various branches. The Society 
for the Promotion of Hellenic Studies in England, the 
Archieological Institute in America, the Accadeinia doi 
Jjincoi in Italy, and the Greek Archaeological Society, are 
all active in publishing journals, in finding the funds for 
excavations, and the scholars to take charge of them, 
ami in extending archajological knowledge. France, 
Germany, and Austria provide from the public ]mr.se 
bursaries to trained archaeological students, enabling them 
to stay for a term of years at the schools of Athens and 
liome for purposes of study and research. In (Germany 
also a certain number of teachers in the schools are every 
year provided with the means of making archaeological 
tours in Greece and Italy, under the guidance of the 
l»ost specialists ; while in the great museums of Germany 
holiday courses are annually arranged for the benefit of 
students who wish to keep abreast of the progress of 
archaeological discovery. In England and America efforts 
are made to work by private subscription in the same direc- 
tion in which so much is done by the governments of the 
t-^ontiuent with public funds. Travelling studentships at 
the universities, and bursaries awarded by the Committee 
of the British School at Athens, avail to prevent England 
from being entirely left behind in the movement ; and the 
binds of the American Institute have in recent years enabled 
Ai^.rican students to do much excellent work in exploration. 
Naturally also the great museums of Europe are not only 


centres of research, and keenly alive to the necessity of j pro- 
curing fresh objects, but also are awake to the duly ol pul>- 
lishing in a systematic way the works of ancient art wliieli 
they contain. Besides the public mustmms, we may ineution, 
in this connexion, the Ny-Carlsl)eig collection at Cojien- 
hagen, the Tyszkiewioz collection, and the Barraeeo collec- 
tion, the contents of winch are jnibhshed in excellent form. 

Journals. —The most imiKirtaiit periodicails in con- 
nexion with classical archeology aie now the following : — 
Published in English : the Journal of IJdlenic 
Studies^ the Annual of tloi lintisk Sdiool at loglcmi 
AthenSf ArchoBologia^ the American Jourtml of publican 
Archmology. Published in French : Bulletin de 
Corre8p(mda/nce He^vue Arvhioloifopie^ Memvr 

nbents et Mmimres^ Fmt. Ihiblished in (iermaii : Jakrbuch 
dea Arch. InstituU^ Mittheilungen den Arch. 

ItlSmische Ahthjeilu-ng and Ailatmtiche Ahthsilnng^ JahresJuffs 
dea oeaterreich. Arch. Jnatitntn. PuVilished in Italian 
Momumyentx Antichi and Attt ddV Awad. dei Lxiwdy 
Bulletiw) della (Joimiua. Ardieol. Comunale di limum. 
Published in Greek ; Ephemena ArehmologikC, Ddtion 
Arcluiiologikon, To the subject of coins in ] particular, 
numismatic journals are dedicated in almost all countries 
of EurojKj; among them the English A ('/irouick 
occupies a satisfactory position. 

Books. — To give any complete account, or ev(?n a bare 
list, of important works on classical archivology publiNlied 
during the last twenty-five years would exceed the spice 
at our disiKisal. We can s(‘lect only a lew works of 
special value, mentioning more particularly those which 
are published in English. 

(1) Cleneral Handbooks. --Manuals of Classical Arclm^olo^ry 
have been published by Mr. A. S. Murray and Mr. Talloiird 
Ely. There is also a new brir»f Uiaiory of Utcek Art by Piol F. 

B. Tarboll. Miss J. K. Harrison has published some Jntrodvefory 
Stvdtea tn Greek Art. A more complete Oruickische Kunetyesduhte 
by l*rof. Bninn, begun in 1893, does not come down below the 
archaio jieriod. Sittl’s Klanstaclui Kunst-Archaulogie is useful as 
a oompendium. A new edition by ^V(*rmcko . lei-ently deceased) of 

C. 0. Muller's Denknialer dcr alien Kunat is in piogross. Of the 
greetest value to the ordinary scholar is riaiimuistei’s Denkmaicr, 
a dictionary of archteologieal evideiu^e suited lor easy reference. 
To those who wish to piociiie a mass of arclneological mateiial 
at moderate cost, it is safe to commend M S. Kemach's lUp€.rU)i,re 
de la atatuaire grerque et roviaxm ami lit perl one des vases penda 
grccs dt drusqites^ puhlisliod at live fiuncs a \oliinio, witli his other 
cheap reprints of expensive w(prks. 

(2) As^teoture. — There is no recent systematic work in 
English on classical architecture, but Mr Peiiiose’s l*rinriples 
of Athenian Architecture (new edition) is a work ol importance. 
Besides the handbooks aliea«iy mentioned, winch give chapters to 
architecture, we may reler to the seventh volume of Periot and 
Chipiez’s Histoire de Cart dans Cunfiquitil {La Grece archaique)^ 
Botticher’s Tektonik dcr Bcllrorn, ami VYidfCs A rehitckturformen 
dea class. Alterthuins, as well-illustrated and standard works. 

(3) Sculpture. -A. S. Murray’s History of Greek Sculpture and 
E. A. Gardner’s JIandhook of Greek Scidpture are important 
works; as is also II Stuart Jones's Ancient Writers on Greek 
Sculpture. There are also valuable histones of (Jreek seulpturo 
in French by Collignon, and in German by Overbeck (4th edit. 
1893). Among rceeiit hooks on sculpture in English may be 
mentioned Waldsteiii’s Kssaos an the Art of Pheidias^ Furt- 
wangler’s Masterpierrs of Greek Sculpture, Micliaelis's Ancient 
Maples tn Great Britain, and P. Gardner’s Sculptured Tombs of 
Bellas. The German literature of the subject is very extensive. 

(4) VasCB.— A good book on Greek vases is at present a ciying 

need. The most useful general book on the subject is Rayct and 
Collignon ’s Histoire de la ctramique grecqw. For archaic vases, 
Dumont and Chaplain’s Ciramiques de la Grece jrropre is valuable, 
tliough somewhat out of date (1888). Prof. Furtwaiiglcr 
just issued the first part of a great work on Greek f'k® 

plates of which are executed with m'cat care, so as faithfully to 
represent the stylo of the vases. W e have in English, Harrison and 
MaccoU’s Greek Fase Paintings, and A. S. Murray’s Designs from 
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Greek Vattee in the British M^utcum^ and White Athenian Vases ; 
uIho tho illuatrated cataloguea of vases in the Hritish Miiseuin* the 
Ashmoloan and Fitzwilham Museums, and tho Louvre. Three 
sTnall works iii German by VV. Klein, EuphronioSt Vasen mif 
MeistersigncUuren^ and Vasen mit Lieblingsinschriftmt are indis- 
pensable to tho htudont. The best general collection of vase- 
puiii tings is still Ufi bald's Aimrlcsem Vasenbildert 1840. 

(5) Terra -Cottas. --Two small works can be reoommendod : 
E. Pottier’s Statuetfes dr term cuite, and Miss C. A. Hutton's 
Greek Terra-Cotta Statuettes, which is published with A. S. Murray’s 
Greek Bronzes, 

(6) Oams.— A recent work is .T. H. Middleton’s Engraved Gems 
of Classical Tinm. Ihit quite recently A. Furtwangler has 
published a large w'ork on Greek gems, Anlike Oemmen, which is 
the product ot vast learning, and must needs form the basis of 
future study. 

(7) Coins. —No branch of archaeology has been more completely 
trimsfonncd in the last ouarter of a century than nuiniamatics. 
Previously, coins had noon treated, imicli as gems are, as 
individual works of art, beautiful in themselves, and giving 
valuable information as to ancient mythology and geography. 
Hut in recent years tho close and intimate relations which prevail 
between tho coins of ancient cities and the history of those cities 
have been more closely regarded, from which point of view the 
exact dates and weights of tho coins become most important. 
’J’ho stiictly historic treatment of Roman coins was begun by 
MomiiiHou 111 his Gesehichte dcs romisrhen Munzvicsrns. A similar 
treatment of Greek coins is attempted by Mr JL V. Head in his 
Ifistoria Nurnamm, a work in uliidi an endeavoui is made to 
arrange the coins of all Gicok cities under peri(Mls, in close 
connexion with the history of those cities. The British MuscMtu 
Catalogue of Greek Coins, wliich is (ii)minated by the same 
purpose, is now approaching completion. The Iftslorm Nurnorum 
IS tho most useful work to a collcctoi of Gr(*ck coins. To a 
I'ollector of Roman coins M. llabelou’s oilitions of Cohen’s 
Momuiies dr la rdpubliqur romainr, and Monvaies de Vemjnre 
ronuuu arts uecessmy. Mr G. F. Hill’s Iluudlmok of Greek arul 
Homan Goins is an excellent summary. Prof. Ridgeway has 
piiblisbcd a work on the Ongui of Currency and Weight- 
Standards. P. Gardnei’s Typrs oj Greek Coins deals mainly 
with the art of coins 

(8) CorpiiseB.— T!ui Academieh of H(*rliii and Vienna have done 
much in recent y(\'irs la the way of publishing vast collections 
and compendia of nncieiit monuments, each of which is a Corpus, 
that is, coutuiiis all kuoun monuments of the class dealt with. 
It is impossible to overrate the value of these monumental 
publications, each of which, being comnloto up to tho date of 
publication, relieves tluj student from tlio necessity of hunting 
through books of an earlier date. Tho Corpus of Greek Inscriptions 
by lioeckh, and the more recent Coiyus of Jionian Inscriptions and 
Corpus oj Attir Jnscrijjtions are well known. To these arc now 
added, a Corpus of Attic Sepulchral Monuments {noarly complete), 
a Corpus oj Sarropluigi, a Corpus of Terra-Cottas, a Corjius of 
Greek Coins, all m course of gradual publication. Other works 
of tho satiio class arc iii preparation. Tho labour of producing 
these works is enormous, and for the most part it is unpaid, 
Gonnan arclncologists finely s}>eiidiiig their lives in tho effort to 
advance scicntifK knowledge. 

(9) Other Works. — Resides tlie works meutionod, we may set 
down a lew books of a more general character: C. Diehl’s 
Excursions in Greece, P. Gaidiici 's New Chapters in Greek 
History, D. G. Hogarth’s Authority and Archicology, Sacred and 
l^rofane, Lady Evans’s Greek Dress, and tho ilictionaries of classical 
antiquities. 

The valuable translation of and commentary on Pausanias* 
Description of Greece, by J. G. Fra/er, has enabled the English 
reader lor the first tunc to grasp the results of the great 
intellectual activity of the archeeolo^sts at Athens. Tho edition 
of Pliny’s Chapters im the History of Art, by Misses Jex- Blake 
and Sellers, is also important. In the matter of bringing ancient 
monuments into relation with Greek mythology, the hooks of 
C. 0. Muller have lieeii succeeded by far more elaborate and 
completer work Most comprehensive of all these is Overbeok’s 
Kunstmythologie. The collection here made of monuments faring 
on tho cults of Zeus, Hera, Demeter, Poseidon, and Apollo is 
enormous; unfortuiiatch , the completion of the work has been 
prevented by Prof. Overbcck’s death. For monuments relating 
to other deities, we have to go to tho Lexiems of Baunieister and 
Roscher. Mr L. R. Farnoll has published in English a work 
callcil Cults of the Greek States, wnich deals in detoil with the 
art representations of some of the Greek deities. 

Research and Exramtion, — Three sites of the first 
importance in Greece jirojier have been carefully excavated 
in the last quarter of a century, besides those like Troy, 
Tiryns, and Myceuoe, which have yielded mainly pre- 


historic monuments. These are Olympia, the Athenian 
Acropolis, and Delphi. The excavation at Olympia was 
carried out at great cost by the German Government; 
and the results are published in a series of vast and costly 
volumes, which are epoch-making in the development of 
archaaology. It must not be forgotten that in the 
thorough investigation of a great site like Olympia, which 
was for ages one of the chief centres of Greek life and 
art, the whole result is far greater than the sum of the 
separate discoveries. It is not merely that we have gained 
a knowledge of the plans of buildings and of their archi- 
tectural details, a series of valuable works of sculpture 
and bronzes, and the text of a number of important 
documents recording treaties and decrees and public 
honours. We further discover the relations of these monu- 
ments among themselves. Their very situations and the 
level of their bases show us their respective dates and their 
comparative importance. Wo find ourselves in a museum, 
but in a museum not arranged on any arbitrary principle, 
but, so to sjieak, by the hands of history herself, affording 
us almost infinite opjxirtuuities for comi)aring, inferring, 
and connecting the remains which have come down to us 
with ancient belief and custom. 

Of Delphi it is too early to speak, as the excavators to 
whom the task of its exploration has been confided by the 
French Government have as yet published but few of their 
results. But enough is known to assure us that the 
harvest on this site also is very rich. The topography of 
the site and the position of the main buildings and the 
principal dedications can be determined with accuracy. 
In sculpture of the end of the Gth and the early jiart of 
the Sth century, the site is certainly very rich, and th(j 
inscriptions are already known to be very numerous and 
of great historic value, (fcioe Delphi.) 

The acroiKilis of Athens (g.v,) has been carefully and 
completely excavated by the Greek Archseological Society. 
The great im^iortauce of the finds is mainly due to an 
event which, at tho time, must have seemed fatal to all 
record of the city’s beauty — the havoc wrought by the 
Persians, when they occupied the rock-fortress in 480 B.C. 
When the Athenians in the next year, after the victory of 
Platoea, returned to their citadel, they found it a mass of 
ruins, and nothing remained but to bury out of sight the 
shattered fragments of their shrines and the works of art 
which had l^en dedicated to their goddess. But their 
loss has been our gain, for the wreck of the ruined Athens 
of the early 5th century has rested quietly in the ground 
from that day to this, and has only now been dragged 
forth and ranged in the Athenian museums. To the 
archaeologist, nothing seems more desirable than to secure 
a fixed date for a series of monuments. And on this site 
the year 480 is defined by the circumstances of the case as 
the time below which all the monuments to be found in 
certain strata cannot bo brought. We are thus able to 
reconstruct in imagination, at all events in outline, the 
surface of the Acropolis as it existed in the days of Fisi- 
stratus and of Themistocles. 

The extensive precinct of the god iEsculapius in the 
neighbourhood of Epidaurus has also been cleared by the 
Greek archseologists under M. Kavvadias. Here the 
main interest. Insides that which belongs to recovered 
fragments of buildings and series of sculptures, arises from 
tho fact that Epidaurus was a sort of Baden of antiquity, 
a resort of those who were out of health and sought 
recovery either at the hands of the physician-god, or from 
the jaatural salubrity of the place and its healthful regimen. 
We find on the spot not only shrines of the deities, but 
covered seats shielded from all the winds, an abundant 
supply of water for baths, porticoes as a refuge from 
summer heat, and a theatre and a stadium for the refresh* 
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ment of the mind and the exercise of the body. (See 1 
Epidatjrus.) 

Many other sites in Greece projicr have yielded valu- ' 
able results. At Megaloiwlis, a party of English students 
have recovered the plans of various buildings, in i>articular 
of the theatre and the hall of assembly where the repre- 
sentatives of the cities of Arcadia met in conclave. The 
ground plan of Corinth is being rapidly recovered by 
American archaeologists, who have also succeeded in 
•revealing the phases which the Argive Herasum passed 
through in the course of long ages. The temples of 
Apollo Ptoos in Bceotio, of Athena Aloa at Tegea, of the 
great goddesses at Lycosura have also been in i>art brought 
to light, with happy results for the history of Greek 
sculpture. Of these results we shall have to 8i:)eak further 
in the course of this article. 

Among the islands of the Jilgean, there has been of 
late years much research and excavation. The results 
belong in great part to the prehistoric age of Greece, and 
are spoken of in the article on Mycenaean Civilization. 
But Delos in particular has furnished us not only with the 
ff)undations of temples and the plans of private houses, 
but also with some very important examples of 8(‘ulpture, 
which may lie said to give us the clue to the history of 
the rise of the art. 

Mr Petrie’s important excavations in Egypt, and the 
more recent and equally striking discoveries of Mr A. 
J. Evans in Oreti», have been valuable as fixing the 
dates of early classes of iEgean and Mycenajan jKittery, 
and revealing to us the nature of the early A^]geaii civiliza- 
tion. And the site of Naucratis in particular, excavated 
by Mr Petrie and Mr Ernest Gardner in 1884-8G, lias 
given us dates for various kinds of early Ionian pottery, 
as well as furnished us with valuable data for recovering 
the history of the Greek alphabet. 

Partial excavations have been made on th(j sites of 
some of the great Ionian cities of Asia Minor. At E])hesus, 
the researches of Wood, which have enriched the British 
Museum with many architectural and sculptural fragments 
from the great temple of Artemis, have been resumed by 
the Austrian Government. The temple of A]K)1 Io at 
Miletus has been explored by MM. Jtayet and Thomas ; 
further excavations are taking place on this site. The 
Americans have made extensive excavations at Assos. 
The site of Pergaiuou, which has been occupied by the 
German Archmologlcal Institute, has yielded results which 
have added an important chapter to Greek art, and shown 
us the sculptors of Greece working under new conditions 
and in a new style. Clazomenm and other cities have 
furnished us from their burying-grounds sarcophagi and 
{minted vases which throw light on the origin and early 
history of Ionian art. It is unnecessary to proceed further 
with this enumeration ; what has been written will be 
sufticiont to give the reader some idea of the energy with 
which excavation has been carried on in Greece of late 
years, and of the richness and variety of the results which 
it has attained. 

Turning to Italy, we naturally think first of Home. In 
that centre of the world, the main interest of all excava- 
tion must be to{K>graphic and historic, and for results of 
this character the reader must turn to the article Home. 
But in the course of investigation a great number of 
important works of ancient sculpture and jiainting have 
been brought to light, most of which now adorn the 
museums of the Capitol and the new museum of the 
Terme. We may instance the wonderful bronze figures of 
a Hellenistic king and of a pugilist, and the wallq>amtiugs 
of the house at IVima Porta. Of other excavations in 
Italy, an excellent summary will be found in Plrof. 
von Duhn’s article in vol. xvi. of the Journal of Hellenic 


Stvdiee, At Locri two Ionic tenq^lcs have been discovered. 
The Viuilding of an arsenal at Tarentum has Ix^en the 
occasion of the discovery of very rich de{>osits of terra-cotta 
votive offerings. At Poiiqieii a house ol gieat btiaiUy 
and interest, which bears the name of the Vettii, has been 
found, and has furnished a numl»er of fr(*sh {>ainting'» 
Excavations at Falerii deser\e a {)articular inenlioii, 
iKHjause their nisults are S(q>iirately at i aiiged in a special 
museum at Borne, that of the AMla Pa]»a (finlio, giMiig us 
materials for tracing the artistic histoi y of tlu city tnun 
jieriotl to {leriod. At this museum is also a vciy attract ]\e 
restoration of a Greek teii)])lc, with its decoiation in terra- 
cotta and its brilliant colouring. 

The researches of Signor Orsi in Sicily on the sites of 
Megara and Syracuse liave resulted in the establishment of 
an archaiological history of Sicily, which may be traced 
in the museums of Syracuse and J*alermo from the earliest 
days down to the {ssriml of Greek invasion, and onwards 
to the Roman age. The site of Seliiiiis, wliieli has long 
l>een a valuable mine of scnljiture ot the early jicriod. has 
again in recent yeurs furnished us with met(»]M*s from its 
tem{»le8 of great interest ; and the {>lan (»!' the city ha.s now 
been in great measure laid bare, as w(‘ll us ot tlu‘ fortifi- 
cations erectt»d by HermocratcN, wlu‘n at the end of the 
fith century he turned the ruins of the tow n into i loHiess 
whence to wage W'ar against the Gaithaginiaiis. Xo 
ctnmtry is more full of the memorials ot hist«ny than 
Sicily; but we cannot {mrsue this subject; we must reter 
the reader to the ample and most interesting history of 
Sicily by Mr Freeman, a wTiter wh(> fully iindtTstooil how' 
much light existing remains may cast on the ])ast histoij 
of a cit) . 

A class of ancient buildings winch has received sjmtuiI 
attention in recent years is the great o{K»n-air theatres 
with which oveiy Greek city was provided. 

Fresh theatres have been excavated at l^ira^us, 

Eretria, Delos, Megalopolis, Ei>idaurus, and other places ; 
and the model of all such erections, the theatre ol Dion} sus 
at Athens, has l)een most carefully investigated. In this 
work the leading {mrt has been taken by Dr Dorpteld 
of Athens. The result has been the setting forth b}’ 
Dr Doiqifeld, with the utmost skill, of the view^ that there 
was no stage in use in Greek theatres, hut that the actors 
and the chorus performed together in the space at tlie 
liaek of the orchestra, and in front of the stage buildlng^. 
(See Dorpfeld and lleisch, Dae ffriechierhe Theater.) This 
novel view has met with severe criticism in Germany, and 
especially in England. The arguments against it are set 
forth by Haigh, in his Attic Theatre. It is likcdy that 
scholars will long be divided m their opinions as to the 
existence or non-existence of a stage among the Greek.'*. 
In the o|)inion of the {n’esent writer it can be prr)ved from 
extant remains that a stage was in use lu Greek tht^atres 
of the 3rd century n.c., and although wx» cAunot demon- 
strate that the same was the case in the days of the great 
Attic tragedians, it is by far the most likely sup{»osition. 
However this be, the researches and the book of Dr 
Dorpfeld have enabled us to aiiproach all questions in 
regard to the staging of Greek plays with far greater 
knowledge. 

The materials for a reconstruction of the private houses 
of the Greeks have also lieeii rapidly accumulating. At 
Delos, at Assos, at IViene, and on other sites, the ff^yggg, 
plans of ancient houses have Inicn brought to 
light. At present, few of these ])lans have been published ; 
but it has R*come clear that wx' have hitherto licen misled 
by Vitruvius into the belief that Greek houses w*ere of 
uniform {dan, like the temiiles; wdicreas they varied 
greatly according to the ground, the fortune of the builder, 
or the fashion of the district. For gaining a sense of the 
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<?xternal conditionfl of ancient life, Pompeii is still by far 
the most useful site. Tlie recent book on Pompeii by 
Man, translated by Kelsey, is by a writer who has an 
iinequalled knc)wledge of the site ; and the more ambitious 
work of C. Weichardt {Pmnpei i/or der Zeratoermg) brings 
before this reader’s eyes, by means of skilled restorations, 
the actual state of PomiJeii liefore its sudden destruction. 

We propose next to trwit briefly of the advances made 
by recent discovery in our knowledge of Greek and Roman 
Tiionumcnts and art, dividing our account into the same 
jjeriods whicli Mr Murray has adopted in his article, 
(h.ASsicAL Arcu^ology, in the ninth edition of this 
Encyclo})aedia.^ 

The periods accepted are the following * — 1. 900-700 
Tl. 700 480 B.C. 111. 480-400 b.c. IV. 400- 
tyjO B c. y. After 320 B.C. 

IW/ofl L 900-700 B.C. 

In Mr. A. S, Murray’s earlier article the art of the 
later prehistoric age of Greece, now usually called the 
Mycenaean age, is included with that of historic Greece, to 
which indeed it naturally serves as an introduction. But 
for our present purposes the art of Mycenae is reserved for 
8e))arate treatment (see Mycenacan Civilization). We 
have therefore to deal only with the art which succeeded that 
called Mycenaean, beginning about the year 900 B.c. The 
fact is now generally allowed that the Mycenaean civiliza- 
tion was for the most part destroyed by an invasion from 
the north. This invasion appears to be that 
invaSoa. called in Greek tradition the Dorian immigra- 
tion. Archieological evidence abundantly proveii 
that it was the conquest of a more by a less rich and 
civil i/ed race. In the graves of the period 900-700 B.o. 
we find none of the wealthy spoil which has made cele- 
brated the tombs of Mycenm and Baphion (Vaphio). The 
character of the pottery and the bronze-work which is found 
in these later graves reminds us of the art of the necropolis 
of Hallstadt in Austria, and other sites belonging to what is 
called the bronze age of North Euro])e. Its predominant 
characteristic is the use of geometrical forms, the lozenge, 
the trianghj, the iiueandcr, the circle with tangents, in 
place ot the elaborate spirals and plant-forms which mark 
Myceniean ware. For this reason the jKTiod from the 9th 
to the 7th century in Greece jiasses by the name of “the 
Gecnnctric Age.” It would seem that in the remains of the 
Geometric Ago we may trace the influence of the Dorians, 
w4io, coming in as a hardy but uncultivated race, probably 
of purer Aryan blood than the previous inhabitants of 
Give *<•(*, not only brought to an end the wealth and the 
luxury which marked the Mycenaean age, but also replaced 
an art which was in character e.ssentially Oriental by one 
which belonged rather to the North and the West. The 
great difficulty inherent in this view, a difficulty which 
has yet to Ini met, lies in the fact tliat some of the most 
abundant and characteristic remains of the geometric age 
which we possess come, not from PeloiKinnesus, but from 
Athens and Lkeotia, which were never coiKpiered by the 
Dorians. 

The geometric ware is for the most ]iart adorned with 
painted patterns only. We engrave (Fig. 1 ) a cliaracteristic 
example, a small two-handled vase from Rhodes 
in the Ashraolean Museum, the adornment of 
which consists in zigzags, circles with tangents, 
and lines of water-birds, iierhaps swans. Other geometric 
vases will bo found in Ency, Brit. vol. xix. p. 607, Fig. 16. 
Sometimes, however, especially in the case of large vases 

^ It i» not to be supposed that the present writer agrees with all 
the views net fortli by Mr Murray in tliat article ; on many of the 
subjects of which he treats scholars will alw.nya differ among them- 
selves. 


from the cemetery at Athens which adjoins the Dipylon 
gate, scenes from Greek life are depict^, from daily life, 
not from legend or divine myth. Especially scenes from 
the lying in state and the burial of the dead are prevalent. 
We engrave an excerpt from a Dipylon vase (Fig. 2), in 
which is seen a dead man on his couch surrounded by 



Fio. 1. —Geometric vase from Rhodes. Ashmolean Museum. 


mourners, male and female. Both sexes are apparently 
represented naked, and are distinguished very simply; 
some of them hold branches to sprinkle the corpse or to 
keep away dies. It will be seen how primitive and con- 
ventional is the drawing of this age, presenting a wonderful 
contrast to the free drawing and realistic modelling of the 
Mycenaean age. In the same graves with the pottery are 



Fio. 2.-— Corpse with mourners Mon. rl. Tnst. ix. 80. 


sometimes found plaques of gold or bronze, and towards 
the end of the geometric age these sometimes bear scenes 
from mythology, treated with the greatest simplicity. For 
example, in the museum of Berlin are the contents of a 
tomb found at Corinth, consisting mainly of gold work 
of geometric character. But in the same tomb were also 
found gold plates or plaques of repousse work bearing sub- 


Fio. 3.-~Gol(l plaques : Corinth. Arch. Zrit. 1884, 8. 

jects from Greek legend. Two of these (Fig. 3) we engrave. 
On • one plate Theseus is slaying the Minotaur, while 
Ariadne stands by and encourages tfc hero. The tale could 
not have been told in a simpler or more straightforward 
way. On another plate we have an armed warrior with 
his charioteer in a chariot drawn by two horses. The 
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treatment of the human body is here more advanced than 

on the vases of the 
Dipyloa On the 
site of Olympia, 
where Mycensean 
remains are not 
found, but the ear- 
liest monuments 
seem to Ixslong to 
the Dorian age, a 
quantity of dedica- 
tions in bronze liavo 
been found, the de- 
coration of which 
belongs to this 
style. We engrave 
(Fig. 4) the handle 
of a tri{>od from 
Olympia, which is 
adorned with geo- 
metric patterns and 
r.o. 4.-Handle of tripod : Olynpia, iv. 88. ^^^^^ounted by the 

figure of a horse. In the 7 th century, however, it was 
not unusual to adorn votive 
tripods and coffers with mytho- 
logic representations. Especi- 
ally interesting is one plate of 
bronze, also from Olympia, 
used for some such purpose 
(Fig. 5), and showing in re- 
poussi work, finished with the 
graving tool, a winged Artemis 
grasping two lions, and Hera- 
kles shooting a centaur, whose 
front legs are human, not 
equine. In the upper lines of 
the relief are pairs of eagles 
and griffins. Another similar 
plate represents again Herakles 
shooting. More than one 
breastplate has come from 
Olympia engraved by the tool 
with scenes such as one finds 
on early vases. Votive models 
of animals are also abundant. 

In fact, the history of Greek 
art from 800 to 500 B.c, can 
be nowhere better traced than in the plates of FurtwangleFs 
great work on the bronzes of Olympia. 

Period IL 700-480 B.c. 

It was in the 6th century that the genius of the Greeks, 
almost suddenly, as it seems to us, emancipated itself from 
the thraldom of tradition and (jassed beyond the limits 
with which the nations of the East and West had hitherto 
been content, in a free and bold effort towards the ideal. 
Thus the 6th century marks the stage in art in which it 
may be said to have become definitely Hellenic. The 
Greeks still borrowed many of their decorative forms, 
through Phoenician agency, from the old-world empires of 
Egypt and Babylon, but they used those forms freely to 
express their own meaning. And gradually, in the course 
of the century, we see both in the painting of vases and 
in sculpture a national spirit and a national style forming 
under the influence of Greek religion and mytuology, 
Greek athletic training, Greek worship of beauty. We 
must here lay emphasis on the fact, which is sometimes 
overlooked in an age which is greatly given to the Dar- 
winian search after origins, that it is one thing to trace 
back to its onginal sources the nascent art of Greece, and 



Fig. .’i.— Bronze plate : Olympia. 
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quite another thing to follow and to understand its gradual 
embodiment of Hellenic ideas and civilization. The im- 
mense success with which the veil has in late years Ijeeu 
lifted from the prehistoric age of Greece, and the clearncbs 
with which we can discern the various strands woven into 
the web of Greek art, have tended to fix our attention rather 
on what Greece possessed in common with all other ixHJplo.s 
at the same early stage of civilization than on what Greece 
added for herself to this common stock In many iesf.)ect.s 
the art of Greece is incoini>arab]e- one ol the great in 
spirations which have redeemed the world from mediocrity 
and vulgarity. And it is the searching out and apprecia- 
tion of this unique and ideal lieauty in all its idiases, in 
idea and comiiosition and execution, which is the true 
task of Greek archaeological science. 

In very recent y^rs it has been possible, for the firat 
time, to trace the influence of Ionian painting, as repre- 
sented by vases, on the rist^ of art. The dis- 
coveries at Naucratis and Dajihme in Egypt, duo foniea 
to the keenness and pertinacity of Mr I^etrie, 
opened a new light in this matter. It became evident 
that when those cities w'cre fli'it inhabited by Toman 
Greeks, in the 7th century, thi-y used pottery of several 
distinct but allied styles, the most notable feature of which 
was the use of the lotus in decoration, the presonre of con- 
tinuous friezes of animals and of monsters, and the filling 
up of the background with rosettes, lozenges, and other 
forms. We engrave a vase found in Khodes (Fig. 6) to 
illustrate this Ionian decoration. The s]>l)inx, the 
and the swan are prominent on it, the last named serving 
as a link between the 
geometric ware and 
the more brilliant 
and varied ware of 
the Ionian cities. 

The assignment of 
the many speies of 
early Ionic ware to 
various Greek locali- 
ties, Miletus, Samos, 

Phocaja, and other 
cities, IS a work of 
great difficulty, 
which is now closely 
occupying the atten- 
tion of archaeologists. 

For the results of 
their studies tlie 
reader is referred to 
two recent German 
works, Boehlau’s Aus 
ionischen urul itali- 
sr/i^n NekropoleVy 
and Endt’s Beitrofje 
zur ioniecli/en Vasen- 
nvalerei. The featui-e which is most interesting in this 
pottery from our present point of view is the way in which 
representations of Greek myth and legend gradually make 
their way, and relegate the mere decoration of the vases to 
borders and neck. One of the earliest examples of ropresc’ii 
tation of a really Greek subject is the contest of Menelaus 
and Euphorbus on a plate found in Rhodes (Emy, Brit. xix. 
p. 61 1, Fig. 24). On the vascjs of Melos, of the 7th centuiy, 
whicn are, however, not Ionian, but rather Dorian in char 
acter, we have a certain number of mythological scenes, 
battles of Homeric heroes, and the like. One of these we 
engrave (Fig. 7). It represents Apllo in a cLariot drawn 
by winged horses, playing on the lyre, and accoinpnied by 
a pir of Muses, meeting his sister Artemis. It is notable 
that Apllo is bearded, and that Artemis holds her stag 



Fio. 6.— JuK flroni Rhodes Mas Sajtoleonf 
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by the horns, much in the manner of the deities on Baby- 
lonian cylinders ; in the other hand she carries an arrow ; 
above is a line of water-birds. 

Some siUis in Asia Minor and the islands adjoining, 
such cities as Samos, Cameirus in llliodes, and the Ionian 
colonies on the Black Sea, have furnished us with a mass 



I'm 7 - VuHP jmlntinj; * MoIoh. Conz«, JlfW Thnrujffuw, 4. 


of ware of the Ionian class, but it seldom liears interesting 
subjects ; it is essentially decorative. For Ionian ware 
which has closer relation to Greek mythology and history 
we must turn elsewhere. The cemetCTics of the great 
Ftruscan cities, CVrc* in jiartieular, have preserved for us 
a large numljcr of vases, which are now generally recognized 
as Ionian in design and drawing, though they may in some 
cases Ik) only Italian imitations of Ionian imported ware. 
Thus has been filled up what was a blank |iage in the 
history of early (freek art. The Ionian jiainting is unre- 
strained in chanu'tcr, characterized by a license not foreign 
to the nature of the race, and wants the self-control and 
moderation which Ixjlong to Done art, and to Attic art 
after the first. 

Some of the most interesting examples of early *It)nic 
fMiinting are found on the sarcophagi of (ylazoinense. In 
that <*ity in archaic times an exceptional custom prevailed 
of burying the dead in great coffins of terra-cotta adorned 
with luiintcd scenes from chariot - nicing, war, and the 
chase. Tlie British Museum possesses some remarkable 
sjieciiiieiis, winch are published by Mr Murray in his 
TefT(h(yatta Sarcoplutiji of the BriUsh Museum. On one 
of them he sees depicted a battle between Cimmerian 
invaders and Greeks, the former accompanied to the field 
by their great war-dogs. In some of the representations 
ot hunting on these sarcophagi the hunters ride in 
i liariots, a way of hunting ijuite foreign to the Greeks, 
but familiar to us from Assyrian wall - sculptures. We 
know that the life of the loiiians before* the Persian con- 
<]ue.st was refined and not untinged with luxury, and they 
borrowed many of the stately W’ays of the satraps of the 
kings of AsK\ria and Persia. 

Ill Fig. S engrave a curious jiroduct of the Ionian 
workslio])s, a fish of solid gold, adorned with reliefs which 



Km. S.-«*FiHh of jtt.ui Fiirtwanirlpi. nnhlfund v Vittn^fcldr. 


represent a flying eagle, lions pulling down their prey, 
and a monstrous sea-god among his fishes. This relic is 


the more valuable on account of the spot where it was 
found — Vettersfelde in Brandenburg. II furnishes a 
proof that the influence and perhaps the commerce of the 
Greek colonies on the Black Sea spread far to the north 
through the countries of the Scythians and other bar- 
barians. The fish dates from the 6th century B.c. 

From Ionia the style of vase-painting which has been 
called by various names, but may best be termed the 
orientalizing,'" spread to Greece proper. Its main home 
here was in Corinth ; and small Corinthian unguent-vases* 
bearing figures of swans, lions, monsters, and human 
beings, the intervals between which are filled by rosettes, 
are found wherever Corinthian trade {louetrated, notably 
ill the cemeteries of Sicily. For the larger Corinthian 
vases, which bore more elaborate scenes from mythology, 
we must again turn to the graves of the cities of Etruria. 
Here, besides the Ionian ware, of which mention has 
already been made, we find pottery of three Greek cities 
clearly defined, that of Corinth, that of Chalcis in Euboia, 
and that of Athens. Corinthian and Chalcidian ware is 
most readily distinguished by means of the alphabets used 
in the inscriptions (see A’acy. Jh'it, xix. p. 609), which 
have distinctive forms easily to be identified. Wiether in 
the jiaintings coming from the various cities any distinct 
differences may be traced is a far more difficult question, 
into which we cannot now enter. The subjects are mostly 
from heroic legend, and are treated with great simplicity 
and directness. There is a manly vigour about them 
which distinguishes them at a glance from the laxer works 
of Ionian style. We figure (Fig. 9) a group from a 
Chalcidian vase which represents the conflict over the 



Fig. 0 — Fight over the body of Achilles. Mon. d. Inst. i. 51. 


dead liody of Achilles. The corpse of the hero lies in the 
midst, the arrow in his heel. The Trojan Glaucus tries to 
drag away the body by means of a rope tied round the 
ankle, but in doing so is transfixed by the sjiear of Ajax, 
who charges under the protection of the goddess Athena. 
Paris on the Trojan side shoots an arrow at Ajax. The 
other combatants of the group we omit for want of space. 
In Fig. 10 is a scene from a Corinthian vase. Ajax falls 
on his sword in the presence of his colleagues, Odysseus 
and Diomedes. The short stature of Odysseus is a well- 
known Homeric feature. These vases are black-figured ; 
the heroes are ])ainted in silhouette on the red ground of 
the vases. Their names are appended in archaic Greek 
letters. 

The early history of vase-painting at Athens is com- 
plicated. It was only by degrees that the geometric style 
gave way to, or develoiied into, what is known 
as the black-figured style. It would seem that 
until the age of Pisistratus Athens was not notable in the 
• world of art, and nothing could be ruder than some of the 
vases of Atliens in the 7 th century, for example tliat here 
figured, on one side of which are represented the winged 
Harpies (Fig, 11) and on the other Perseus accompanied 
by Athena fljnng from the pursuit of the Gorgons. This 
vase retains in its decoration some features of geometric 
style; but the lotus and rosette, the lion and sphinx, 
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vhich appear on it, belong to the wave of Ionian in- 
fluence. Although it involves a departure from strict 
ohroDological order, it will be well here to follow the 
course of development in pottery at Athens until the 


Fio. 10.-~Suloide of Ajax. Mue* NapoUont 66. 



end of our period. Neighbouring cities, and especially 
Corinth, seem to have exercised a strong influence at 
Athens about the 7th century. We have even a class of 
vases called by archaeologists Corintho-Attic. But in the 
course of the 6th century there is formed at Athens a 



Fig. ll.—IIarpies ; Attic vase. Arch. Xat, 16S2, U. 


in 564 B.C. We engrave (Fig. 12) the reverse of a some- 
what later black-flgured vase of the Panathenaic cIilss, 
given at Athens as a prize to the winner of a fool race at 
the Pauathensca, with the foot-race {station) represented on 
it. A large numl)er of Athenian vases of the Gth century 
have reached us, which liear the signatures of the potters 
who made, or the artists who jiaiiited them ; lists of these 
will be found in the useful work of Klein, (tnachische 
Vaaen mit Meiateraignaturm, The recent excavations on 
the acropolis have proved the erroneousne.s.s of the view, 
strongly maintained by Brunn, tliat the mass of the black- 
, figured vases were of a late and imitative fabric. We 
* now know that, with a few exceptions, vases of this class 
are not later than the early part of the 5th century. Tlio 
same excavations have also proved that red-figured vase- 
painting, that is, vase-j)aintiiig in which the background 
; was blocked out with black, and the figures left in the 
natural colour of the vase {Ency, Brit, xix. p. G13) 
originated at Athens in the last quarter of the Gth 
century. We cannot here give a detailed account of the 
beautiful scries of Athenian vases of this fabric. Many 
of the finest of thorn are in the British Museum. We 
engrave, as an example (Fig. 1.3), a group by the painter 
Pamphoeus, representing Hercules WTestling with the 
river-monster Achelous, which belongs to the age of the 



Pig. 18.— Htrukles and AcheloiiH. IVUiier VorUqehUUUr, D. C. 


distinct and marked black -figured style. The most re- 
markable example of this Avare is the so-called Francois 
vase at Munich, by Clitias and Ergotimus, recently 
smashed by a madman, which contains, in most careful 
and precise rendering, a number of scenes from Greek 

<rA •! • 9* • 9 % 0 ^ \ H • 



Fig. 12 —Foot*rao6 : Panathenaic vase. Mon.d.ln$t x 4Sni. 


niytk One of these vases is dated, since it bears the 
name and the figure of Callias in his chariot (Mon, dell* 
Inst, iii. 45), and this Callias won a victory at Olympia 


Persian wars. The clear precision of the figures, the 
vigour of the grouping, the correctness of the anatomy, 
and the delicacy of the lines are all marks of distinction. 
The student of art will jK^rliaps find the nearest parallel 
to these vose-pictures in Japanese drawings (y.w.). The 
Japanese artists are vei 7 inferior to the Greek in their 
love and understanding of the human body, but equal 
them in freshness and vigour of design. At the same 
time began the beautiful senes of white va.ses made at 
Athens for the purjiosc of burial with the dead, and 
found in great quantities in the cemeteries of Athens, 
cf Erctria, of Gela in Sicily, and of some other cities. 
They are well represented in the British Museum, and 
that of Oxford. 

We now return to the €»4irly years of the Gth century, 
and proceed to trace, by the aid of recent discoveries, the 
rise of architecture and sculjjture. The Greek temple 
in its cliaracter and form givtjs the clue to the wdiole 
character of Greek art. It is the abode of the deity, who 
is represented by his sacred image ; and the flat surfaces 
of the temple offer a groat fiehl to the sculptor for tlie 
depicting of sacred legend. The process of discovery has 
emphasized the line which divides Ionian from Dorian 
architecture and art. We will speak first of the temples 
and the sculpture of Ionia. The lonians were a people 
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far more susceptible thun the Doriaus to the influences of 
Oriental civilization. The dress, the art, and 
ttmphM luxury of Western Asia irresistibly attracted 
them, and we may suspect that Ionian workmen 
in the service of Asiatic rulers contributed largely to the 
adornment and the beauty of the palaces of Nineveh and 
PersepoHs. Two of the great Ionian temples, dating from 
the 6th century, have been excavated in recent yeara At 
Miletus, the labours of Messrs Ilayet and Thomas have 
Buc:coed6d in discovering the plan of the great temple of 
Apollo, and even of the underground oracular chamber 
which lay beneath it, but the architectural fragments 
which tiiey have brought to light belong all to a later 
construction; and the only figures which can bo con- 
sidered as belonging to the original temple destroyed by 
Darius are the dedicated seated statues, some of which, 
brought away by ^ir Charles Newton, are now jiroserved 
at the British Museum. At Ephesus Mr Wood has been 

more successful, and has 
recovered considerable 
fragments of the temple 
of Ai’temis, to which, as 
Herodotus tells us, 
CrensuH presented many 
columns. The lower part 
of one of these columns, 
liearing figures in relief 
of early Ionian style, has 
been put together at the 
British Museum (Fig. 
14); and remains of in- 
scriptions recording the 
presentation by Croesus 
are still to be traced. Re- 
liefs from a cornice of 
somewhat later date are 
also to be found at the 
British Museum. Among 
the Aegean islands, Delos 
has furnished us with the 
most important remains 
of early art. French ex- 
Fio. 14. cavators have there found 

a very early statue of a 
woman dedicated by one Nicandra to Artemis (Fig. IG), 
a figure which may be instructively compared with another 
from Samos, dedicated to Hera by Cheramnes. TIk* 
Delian statue is in sha])e like alia! beam; the Samian, 
which is headless, is like a round tree. The arms of the 
Delian figure are rigid to the sides ; the Samian lady has 
one arm clasped to her breast (Fig. 15). A great im- 
jjrovement on these helpless and inexpressive figures is 
marked by another figure found at Delos, and connected, 
though without absolute certainty, with a basis recording 
the execution of the statue by Archermus and Micciades, 
two sculptors who stood, in the middle of the 6th century, 
at the head of a sculptural school at Chios. The repre- 
sentation (Fig. 17) is of a running or flying figure, having 
six wings, like the seraphim in the vision of Isaiah, and 
(dad in long drainsry. It may be a statue of Nike or 
Victory, who is said to liave been represented in winged 
form by Archermus. The figure, with its neatness and 
precision of work, its expressive face and strong outlines, 
certainly marks great progress in the art of sculpture. 
When we examine the early sculpture of Athens, we find 
reason to think that the Chian school had great infiucuce 
in that city in the days of Pisistratus. 

At Athens, in the age 650-480, we may trace two quite 
distinct periods of architecture and sculpture. In the 
earlier of the two periods, a rough limestone was used 1 


alike for the walls and the sculptural decoration of 
temples ; in the later period it was superseded 
by marble, whether native or imported. Eveiy 
visitor to the museum of the Athenian acropolis ^ 
stands astonished at the recently recovered groups which 
decorated the pediments of Athenian temples before the 
age of Pisistratus — ^groups of large size, rudely cut in soft 


Fia. 16. — Figure dedirAtod to Pio. ifi. — Figure dedicati^d to 

Hera. J^nh Atlouiis: Athenn 

stone, of primitive workmanship, and painted with bright 
rod, blue, and green, in a fashion which makes no attemjit 
to follow nature, but only to produce a vivid result. 
The two largest in scale of these groups seem to have 
belonged to the |)ediments of the early 6th century temple 
of Athena. One represents the combat between Zeus and 
Hercules, who kneel back to back in the middle of the 



Pro. 17.— Niko of Chian school, restored. 


group, and their monstrous opponents Typhon and his 
wife Echidna ; the other represents the struggle between 
Hercules and Triton in the presence of the serpent-footed 
Cecrops, first king of Attica. On other smaller pediments, 
perliaps belonging to shrines of Hercules and Dionysus, 
we have again coufiicts of Hercules with Triton or with 
other monstrous foes. It is notable how fond tho 
Athenian artists of this early time are of exaggerated 
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moBcles and of monstrous forms, which combine the limbs 
of men and of animalB ; the measure and moderation which 
mark developed Greek art are as completely absent as are 
skill in execution or power of grouping. We engrave 
(Fig. 18) a small pediment in which appears in relief the 
slaying of the LemsBan hydra by Hercules. The hero 
strikes at the many-headed water-snake, somewhat in- 
appropriately, with his club, lolaus, his usual com- 



Pia. la— Athenian pediment : Heraklee and ll>dra. 
Athen. MiUhtU, x. 287. 


panion, holds the reins of the chariot which awaits Her- 
cules after his victory. On the extreme left a huge crab 
comes to the aid of the hydra. 

There can be little doubt that Athens owed its great 
start in art to the influence of the court of Pisistratus, at 
which artists of all kinds were welcome. We can trace a 
gradual transformation in sculpture, in which the influ- 
ence of the Chian and other progressive schools of hcuIj)- 
ture is visible, not only in the substitution of island 
marble for native stone, but in increased grace and truth 
to nature, in the toning down of glaring colour, and the 
appearance of taste in composition. A transition between 
the older and the newer is furnished by the well-known 
statue of the calf-bearer, an Athenian preparing to sacri- 
fice a calf to the deities, which is made of marble of 
Hymettus, and in robust clumsiness of forms is not far 
removed from the limestone pediments. The sacriflcer has 
been commonly spoken of as Hermes or Theseus, but beseems 
rather to be an ordinary human votary of the goddess. 

In the time of Pisistratus or his sons a peristyle of 
columns was added to the old temple of Athena ; and 
this necessitated the prejiaration of fresh pediments. 
These were of marble. In one of them was represented 
the battle between gods and giants ; in the midst Athena 
herself striking at a prostrate foe (Fig. 19). In these 



Fra 19.— Pfldiinent : Athena and giant. Athtn MUthHl xxW 8. 


figures no eye can fail to trace remarkable progress. On 
about the same level of art are the charming statues of 
votaresses of Athena, dedicated to her, which were set up 
in the latter half of the 6th century in the acropolis, 
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whose graceful though conventional forms, and delicate 
colouring, make thorn one of the great 
attractions of the AcrojK^lis Museum. 

We engrave (Fig. 20) a ligure which, if 
it be rightly connected with the basis 
on which it stands, is the work of the 
sculptor Antenor, who was also author 
of a celebrated group representing the 
tyrant -slayers, Hamiodius and Aristo- 
geiton. To the same age belong many 
other votive reliefs of th(? acropolis, re- 
presenting horsemen, scribes, and other 
votaries of Athena. 

From Athens we pass to the seats of 
Dorian art. And in doing so we And a 
complete change of cliaraeter. 

In place of drapcid goddesses 
and female figures, wo find ^ 

nude male forms. In place of Ionian 
softness and elegance, we find hard rigid 
outlines, strong muscular development, a 
greater love of and faithfulness to the 
actual human form — the influence of 
the palaiistra rather than of the harem. 

To the known series of archaic male 
figures, recent years have added many 
examples. We may esiiecially mention a series of figures 
from the temple of Apollo Ptoos in Bceotia, ]»robably re 
presenting the god himself. Still more noteworthy are 
two colossal nude figures of Apollo, remarkabV. both for 
force and for rudeness, found at Deljihi, the inscriptions 
of which prove them to Ixs the work of an Argive 
sculptor. From Chete we have acquired the upixir part of 
a draped figure (Fig. 21), whether male or female is not 



Fio. 21.— Bust from Crete. 


certain, which should bo n"i example of the early Doodalid 
Bchool, -whence the art of IVloixmiiesns was derived ; but 
we can scarcely venture to treat it as a characteristic pro- 
duct of that school ; rather the likeness to the dedication 
of Nicandra (Fig. 1 0) is striking. 

Next in importance to Athens, as a find-spot for works 
of early Greek art, ranks Olyiniiia. Olynijua, however, 
did not suflFcr like Athens from sudden violence, olympla. 
and the explorations there Lave brought to light sparta, 
a continuous series of remains, bi'ginning with Salima. 
the bronze tripods of the geometric age already mentioned, 

S. I. — 73 
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and ending at the barbarian invasions of the 4th century 
A.D. Notable among the 6th-century stone-sculpture of 
Olympia are the pediment of the treasury of the |>cople of 
Megara, in which is represented a battle of gods and 

giants, and a huge rude 
head of Hera (Fig. 22), 
which seems to part 
of the imago wor- 
shipped in the Heruium. 
Its flatness and want 
of stylo are noteworthy. 
Among the temples of 
Greece proper the 
Horseura of Olympia 
stands almost alone for 
antiquity and interest, 
its chief rival, besides 
the tcmj)le8 of Athens, 
being tlie other temple 
of Hera at Argos. It 
apiKjars to have been 
originally constructed 
of wood, for which 
stone was by slow de- 
grees, part by i)art, sub- 
stituted. In the time 
of rausanias one of the 
pillars was still of oak, and at the present day the varying 
diameter of the columns and other structural irregularities 
boar witness to the process of constant renewal which must 
have taken ])lace. The early small bronzes of Olympia 
form an important series, figures of deities standing or 
striding, warriors in their armour, athlehis with exaggerated 
muscles, and women drajied in the Ionian fashion, which 
did not become unpopular in Greece untd after the Persian 
wars. Excavations at Sparta have not produced any 
Bculjitures admirable in an artistic way; but they have 
nivealed interfsting monuments belonging to the worship 
of ancestors, which seems in the conservative Dorian states 
of Greece to have been more strongly develoyied than else- 
where. On some of these stones, which doubtless belonged 

to the family cults 
of Sjiarta, we sc»o 
the ancestor seated 
holding a winc-eup, 
accomjianied by his 
faithful horse or 
dog ; on some wo 
see the ancestor and 
ancestress seated 
side by side (Fig. 
23), ready to receive 
the gifts of their 
descendants, who 
appear in the corner 
of the relief on a 
much smaller scale. 
The male figure 
holds a wine-cup, m 
allusion to the liba- 
tions of wine made 
at the tomb. The 
female figure holds 
recognized food of 
the dead. A huge seiqient stands erect beliind the 
pair. The style of these sculptures is as striking as the 
subjects ; wo see lean rigid forms with severe outline 
carved in a very low relief, the surface of which is not 
rounded but flat. The name of Bclinus in Sicily, an early 
Megarian colony, has long been associated with some of 


the most curious of early sculptures, the metopes of 
ancient temples, representing the exploits of Hercules and 
of Perseus. Even more archaic metopes have in recent 
years been brought to light, one representing a seated 
sphinx, one the journey of Europa over the sea on the 
Imck of the amorous bull (Fig. 24), a pair of dolphins 
swimming beside her. In simplicity and in rudeness of 
work these reliefs remind us of the limestone pediments of 
Athens (Fig. 18), but yet they are of another and a severer 
style ; the Ionian laxity is wanting. * 

When the results of the recent French excavations at 
Delphi are published, there is no doubt that we shall be 
able to add a new and important chapter to the ^ 
history of 6th-century art. Of three treasure- ’ 
houses, those of Sicyon, Cnidus, and Athens, the sculptural 
adornments have been in great {xirt recovered. These 
sculptures form a series almost covering the century 570- 
470 B.C., and include representations of some myths of 
which we have hitherto had no example. Although the 
results of the excavations at Delphi are not yet published, 
wc say here a few words as to the sculpture which has been 
discovered, leaving to the article Delphi an account of the 
topography and the buildings of the sacred site. . Of the 



Fia. 24 —Metope ; Buropa on Bull : Palermo. 


archaic temple of Apollo, built as Herodotus tells us by the 
Alcmaeouidae of Athens, the only sculptural remains which 
liave come down to us are some fragments of the pedimental 
figures. Of the treasuries which contained the offerings of 
the pious at Delphi, the most archaic of which there are 
remains is that belonging to the people of Sicyon. To it 
appertain a set of exceedingly primitive metopes. One 
represents Idas and the Dioscuri driving off cattle ; another, 
the ship Argo ; another, Euroi)a on the bull ; others merely 
animals, a ram or a boar. The treasury of the people of 
Cnidus (or perhaps Siphnos) is in style some half a century 
later. To it belongs a long frieze representing a variety of 
curious subjects ; a battle, jHsrhaps between Greeks and 
Trojans, with gods and goddesses looking on ; a giganto- 
machy in which the figures of Poseidon, Athena, Hera, 
Apollo, Artemis, and Cybele can be made out, with their 
opponents, who are armed like Greek hoplites ; Athena and 
Hercules in a chariot ; the carrying off of the daughters of 
Leucippus by Castor and Pollux ; .^olus holding the winds 
in sacks. The Cnidian treasury was restored in the 
French Exposition of 1900. The cornice of the front was 
supported by two archaic figures of Caryatids ; a sphinx 
and two running Victories stand on the top of the i^cdiment 
as acroteria, while within the pediment is represented the 
struggle between Apollo and Hercules for the possession of 



Fia. 22.— Hi'ad of Hera : Olympia. 



Pio. 23.— SparUii tombslotin . Il«rlin. 

her veil and tlie pomegranate, the 
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the Delphic tripod. The treasury of the Athenians, erected 
at the time of the Persian wars, was adorned with some 
metopes of singularly beautiful and clear-cut style, re- 
j)reseuting the deeds of Hercules and Theseus, liosides 
the decoration of the treasuries, and the charioteer men- 
tioned below, there were found two very rude figures of 
Apollo naked, by Argive artists, a colossal sphinx on a lofty 
pillar dedicated by the people of Naxos, and other statues. 

, Period IIL 480-400 b.c. 

On the age of the great early masters of sculpture, of 
Myron, Phidias, and Polycleitus, much light lias b^n 
thrown in the last quarter of a century, partly by means 
of now excavation, but also, in a scarcely less degree, 
through the careful re-examination of known monumeuta. 
Under this period, the first place certainly belongs to the 
great temple of 2ieu8 at Olympia. The statue by Phidias 
which once occupied the place of honour in that temple, 
and was regarded as the noblest monument of Greek 
religion, has of course disappeared, nor are we able with 
OiympiM! confidence to restore it. But the plan of the 
Tempieof temple, its ]3avement, some of its architectural 
Zeus. ornaments, remain. The marbles which occuiiied 
the pediments and the metopes of the temple have been in 
large part recovered, having been probably thrown dow^n 
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by earthquakes and gradually buried in the alluvial soil. 
The utmost ingenuity and science of the archicologists of 
Germany have been employed in the recovery of the com- 
position of these groups ; and although doubt remains as 
to the places of some figures, and their precise attitude's, 
yet wo may fairly say that we know more about tlie 
sculpture of the Olympian temple of Zeus than about the 
sculpture of any other great Greek temple. The exact 
date of these sculptures is not certain, but we may with 
some confidence give them to the middle of the iith century 
or a few years earlier. (In speaking of them wo shall 
mostly follow the opinion of Dr. Treu, whose masterly 
work in vol. iii. of the great Gorman publication on 
Olympia is a model of patience and of science.) In the 
eastern pediment (Fig. 25), as Pausanias tells us, were 
represented the preparations for the chariot-race between 
Gilnomaus and Pel ops, the result of which was to determine 
whether Pelops should find death, or a bride and a king- 
dom. In the midst, invisible to the contending heroes, 
stood Zeus the supreme arbiter. On one side of him stood 
GBnomaus with his wife Sterope, on the other Pelops and 
Ilippodameia, the daughter of G^nomaus, whose position at 
once indicates that she is on the side of the new-comer, 
whatever her parents may feel. Next on either side are 
the four-horse chariots of the two competitors, that of 




Fia. pediment ; Olympia Two restoratioriH. 


<Bnomaus in the charge of his perfidious groom Myrtilus, 
who contrived that it should break down in the running, 
that of Pelops tended by his grooms. At cither end, 
where the {lediment narrows to a point, reclines a nver- 
god, at one end Alpheus, the chief stream of Olympia, 
at the other end his tributary Cladeus. Only one figure 
remains, not noticed in the careful description of Pausanias, 
the figure of a handmaid kneeling, perhaps one of the 
attendants of Sterope. Our engraving gives two conjectural 
restorations of the pediment, that of Treu and that of 
Kekule, which differ principally in the arrangement of the 
corners of the composition; the position of the central 
figures and of the chariots can scarcely be called in question. 
The moment chosen is one, not of action, but of expectancy, 
jierhaps of preparation for sacrifice. The arrangement is 
undeniably stiff and formal, and in the fibres we note 
none of the trained perfection of style which belongs to 
the sculptures of the Parthenon, an almost contemporary 
temple. Faults abound, alike in the rendering of drapery 
and in the representation of the human forms, and the 
sculptor has evidently trusted to the painter who was 
afterwards to colour his work, to remedy some of his 
clumsiness, or to make clear the ambiguous. Nevertheless 
there is in the whole a dignity, a sobriety, and a simplicity 
which reconcile us to the knowledge that this pediment 
was certainly regarded in antiquity as a noble work, fit to 
adorn even the palace of Zeus. In the other, the western, 
pediment (Fig. 26), the subject is the riot of the Centaurs 
when they attended the wedding of Hrithous in Thessaly, 


and, attempting to carry off the bride and her comrades, 
were slam by Pirithous and Theseus. In the midst of the 
jiediment, invisible like Zeus in the eastern pediment, 
stands Apollo, while on either side of him Theseus and 
Pirithous attack the Centaurs with weapons hastily 
snatched. Our engraving gives two jiossible restorations. 
The monsters are invariousattitudesof attempted violence, 
of combat and defeat ; with each grapples one of the Ijaiiith 
heroes in the endeavour to rob them of their prey. In the 
corners of thv. ^lediment recline female figures, perhaps 
attendant slaves, though the faithest pair may best be 
identified as local Thessalian nymphs, looking on with the 
calmness of divine suix^nority, yet not wholly unconcerned 
in what is going forward. Though the composition of the 
two pediments differs notably, the one bearing the impress 
of a parade-like re|K)se, the other of an overstrained 
activity, yet the style and execution are the same in both, 
and the shortcomings must be attributed to the inferior skill 
of a local school of sculptors compared with those of Athens 
or of iEgina. It even apjiears likely that the designs also 
lielong to a local school. Pausanias, it is true, tells us that 
the pediments were the work of Alcamenos, the pupil of 
Phidias, and of Poionius, a sculptor of Thrace, resixictively ; 
but it is almost certain that he was misled by the local 
guides, who would naturally be anxious to connect the 
sculptures of their great temple with well-known names. 

The metopes of the temple are in the same style of art 
as the pediments, but the defects of awkwardness and 
want of mastery are less conspicuous, because the narrow 
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limits of the metope exclude any elaborate grouping. The 
subjects are provided by the twelve labours of Hercules ; 
the figures introduced in each metojK) are but two or at 
most three ; and the action is simplified as much as 
lx)8siblo. The example figured (Fig. 27) reiiresents Her- 


cules holding up the sky on a cushion, with the friendly 
aid of a Hesperid nymph, while Atlas, whom he has 
relieved of his usual burden, approaches, bringing the 
apples which it was the task of Hercules to procure. 

Another of the fruits of the excavations of Olympia is 




the floating Victory by Pmoniiis, unfortunately faeelc'ss 
(Fig. 28), which was set up in all probability in memory 
of the victory of the Athenians and their Messeiiian allies 
at Sphacteria in 425 n.c. The inscri])tion stiites that it 
was dedicated by tlie Messenians and ])eople of Naupactus 
from the 8[)oils of their enemies, but the name of the 
enemy is not mentioned in the inscription. The statue of 
Pioonius, which comes floating down through the air with 
draixjry borne backward, is of a bold and innovating tyjie, 



Ft». 27.— Metoiie : Olynipia ; restored. Olympia^ ill. 45. 


and we may trace its influence in many works of the next 
age. 

Among the discoveries at Delphi none is so striking 
and valuable to us as the life-size statue in bronze of a 
charioteer holding in his hand the reins. This 
chMrtot—r, shown by M. Hoiuolle to be {»art of a 

’ chariot-group set up by Polyzalus, brother of 
Oelon and Hioron of Sjo^acuse, in honour of a victory won 
in tho chariot -race at the Pythian games at Delphi 
(Fig. 29). The charioteer is evidently a high-born youth, 
and is clad in the long chiton which was necessary to 
protect a driver of a chariot from the rush of air, Tho 
date w'ould be about 480-470 b.o. Bronze grou})s repre- 
senting victorious chariots with their drivers were among 
tho noblest and most costly dedications of antiquity ; the 
]»resent figure is our only satisfactory representative of 


them. Tn style the figure is very notable, tall and slight 
beyond all contemporary examples. The contrast between 
the conventional decorousAess of face and drapery and the 
lifelike accuracy of hands and feet is very striking, and 
indicates the clashing of various tendencies in art at the 
time when the great style was formed in Greece. 

On the works of Phidias recent discovery has thrown 
some light, though but little which is direct. Much 
interest was aroused in 1880 by the find- 
ing at Athens of a marble reduction, a yard 
high, of the great Pkrthenos statue of Phidias (Fig, 30) 



Tk. 28.— KikA of PaaoninH ; a^stored. Olympia^ iii. 48. 

but cooler consideration has forced us to allow that though 
the new statuette may be an authority as to some details 
of the Phidian statue, such as the decoration of the 
helmet, the attitude of the small figure of Victory, and 
the position of the snake, it is not to be implicitly trusted. 
The pillar which is introduced to sup^iort the weight of 
the figure of Victory seems to most artists a device un- 
worthy of the genius of Phidias, though there is other 
evidence of its actual existence. In any case, this statuette 
cannot serve to give us any adequate notion of the great 
statue as a whole. Prof. Furtwangler has of late 
largely contributed to Phidian literature. He l^lieves. 
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himfielf to have discovered at Dresden copies of the Lem- 
nian Athena, one of the most not^ of the works of 
Phidias. The reasons for the identification are set forth 
in his McaterpUeeB of Greek Sadpture. In the same work 
and the later Intermezzi will be found very ingenious 



Fio. 29.»-Bron26 Gliarioteer : Delphi. Mim/oirea, Fiot, 1897, 1C 


attempts to reconstruct and to explain the pediments of 
the J’arthenon. But safer guides for the restoration of the 
wonderful sculptural decoration of the noblest of Greek 
temples will be found in Dr Sauer’s careful researches into 
the evidence to be won on the spot from the existing 
liackgrounds and bases of the pediments, from which one 
may judge of the positions and attitudes of some of the 
figures. And the finding of the head of Hebe in the 
Parthenon frieze is a most fortunate event, as giving us a 
well-preserved girl’s head of the Phidiaii school. 

To our knowledge of the art of Polycleitus many addi- 
tions have been made. Among the bases discovered at 
Olympia, whence the statues had been removed, 
chitaa. three or four which bear the name of Poly- 

cleitus, and the definite evidence furnished by 
these bases as to the ])osition of the feet of the statues 
which they once bore has enabled archaeologists, esiiecially 
Prof. Furtwangler, to identify copies of those statues 

among known works. 
Also newly dis- 
covered copies of 
Polycleitan works 
have made their aj)- i 
pearance. At Delos 1 
there has been found 
a copy of the cele- 
brated Diadumenus, 
which is of much 
finer work than the 
well-known statue in 
the British Museum 
from Vaison. The 
museum of Boston 
has secured a very 
beautiful statue of a 
young Hermes, who 
but for the wings 
on the temples might 
pass as a boy athlete 
of Polycleitan style 
(Fig. 31). In fact, 
Fxo, aa--^tetaette of Athant Farthenot. instead of relying as 

regards the manner of Polycleitus on Roman copies of the 



Doryphoms and Diadumenus, we have quite a gallery of 
athletes, boys and men, who all claim relationship, ncai'er 
or more remote, to the school 
of the great Argive master. 

It might have lieen ho|)od 
that the recent excavations, 
made under the leadershiji 
of Prof. Waldsteiu at the 
Argive HeiU'Uin, would have 
enlightened us as to the stylo 
of Polycleitus. Just as the 
sculptures of the Parthenon 
are the best monument of 
J’hidias, so it might seem 
likely that the sculptural deco- 
ration of the great temple 
ivhich contained the Hera 
of Polycleitus would show 
us at large how his school 
worked in marble. Unfor- 
tunately the fragments of 
sculpture from the Heracutn 
are few. The most remark- 
able is a female head, which 
may |)erhaps come from a 
pediment (Fig. 32). But 
archseologists are not in agree- 
ment whether it is in style Polycleitan, or whether it 
rather resembles in style Attic works. Other heads and 
some highly-finished fragments of bodies come apparently 
from the metopes of the same tenqilo. (See also under 
Argos.) 

The series of known Lycian tombs, most of which were 
secured by Hir Charles Fellows for the British Museum, 
has been enriched through the acquisition by the 
museum of Vienna of the sculjitured friezes 
which adorned a heroon near Gyeul Bashi. In the midst 



Fio. 32 .— Ffiuwle head : Honeum. 



Fia. ai — Toiro of youn^ Hermes : 
tiostun. 


of the enclosure was a tomb, and the walls of the enclosure 
itself were adorned within and without with a great scries 
of reliefs, mostly of mythologic purport. Many subjects 
which but rarely occur in early Greek art, the siege of 
Troy, the adventure of the Stjven against Thebes, the 
carrying off of the daughters of Ix?ucii>y>us, Ulysi^s shoot- 
ing down the Suitors, are here represented in detail. Prof. 
Benndorf, who has published these sculptures in an admir- 
able volume, is disjiosed to see in them the influence of 
the Thasian yiainter Polygnotus. Any one can see their 
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kinship to painting, and their subjects recur in some of 
the great frescoes painted by Polygnotus, Micon, and 
others for the Athenians. Like other Lycian sculptures, 
they contain non>Hellenic elements ; in fact Lycia forms a 
link of the chain which extends from the wall-paintings of 
Assyria to works like the columns of Trajan and of An- 
toninus, but is not embodied in the more purely idealistic 
works of the highest Greek art. The date of the Vienna 
tomb is not much later than the middle of the 5th 
century. We engrave a small part of the frieze of this 
monument (Fig. 33). It will be seen that in this fragment 



Fjo. 83 — Odysseui and aultora , limiting of boar. Ueroon qf Oyeul Bashi 
Tryaa, PI. 7 


there are two scones, one directly above the other. Tn the 
upfier line Ulysses, accomiianied by his son Telemachus, is 
in the act of shooting the suitors, who are reclining at 
table in the midst of a feast; a cup-bearer, possibly 
Melantliius, is escaping by a door behind Ulysses. In the 
l<)W(3r line is the central group of a frieze which represents 
the hunting of the Calydonian boar, which is represented, 
as is usual in the best time of Greek art, as an ordinary 
animal and no monster. 

Porlbips earlier tlian 400 b.c. are certain groups found 
at lI(?los, which represent rosiiectively the carrying away 
of the Athenian girl Oreithyia by the wind-god Boreas, and 
the carrying off of the hunter Cejihalus by the Goddess 
of the Dawn. These fine groups, full of energy, but un- 
fortunately fragmentary, are supjiosed to have once 
adorned the roof of the great temple of Apollo at Delos. 
They are now preserved at Athens, and are the best 
examples wo jiossess of the groups which frequently stood 
on the tops of the pediments of Greek temples. 

Archaeologists are now beginning to pay more attention 
to an interesting branch of Greek art which had until 
Portrmita neglected, that of sculptured por- 

traits. The known portraits of the 5th century 
now include Pericles, Herodotus, Thucydides, Anacreon, 
So})hocIc8, Eurii)ides, Socrates, and others. As might 
Ik 3 ex])ccted in a time when style in sculpture was 
BO strongly pronounced, these portraits, unless later 
unfaithful copies, are notably ideal. They represent 
the great men whom they portray not in the spirit 
of realism. Details are neglected, expression is not 
o1aborat(3d ; the sculptor tries to represent what is ixsr- 
manent in liis subject rather than what is temporary. 
Hence these {lortraits do not seem to lielong to a particular 
time of life ; they only represent a man in the jierfection 
of physical force and mental energy. And the race or type 
is clearly shown through individual traits. In some cases 
it is still disputed whether statues of this age represent 
deities or mortals, so notable are the repose and dignity 
which even human figures acquire under the hands of 


5th-century masters. The Pericles after Cresilas in the 
British Museum, and the athlete-portraits of Polycleitus 
are good examples. 

It is now generally hold, in consequence of evidence 
furnished by tombs, that the 5th century saw the end of 
the making of vases on a great scale at Athens 
for export to Italy and Sicfly. And in fact few 
things in the history of art are more remarkable 
than the rapidity with which vase-painting at Athens 
reached its highest point and passed it on the downward * 
road. At the beginning of the century black-figured ware 
was scarcely out of fasMon, and the masters of the severe 
red-figured style, Pamphmus, Epictetus, and their con- 
temporaries, were in vogue. The schools of Euphronius, 
Hiero, and Duris belong to the age of the Persian wars. 
With the middle of the century the works of these makers 
are succeeded by unsigned vases of most beautiful design, 
some of them showing the influence of the great Thasian 
painter Polygnotus. In the later years of the century, 
when the empire of Athens was approaching its fall, 
drawing becomes laxer and more careless, and in the treat- 
ment of drapery we frequently note the over-elaboration 
of folds, the want of simplicity, which begins to mark 
contemporary sculpture. IJnfortunatoly we cannot here 
illustrate these changes of style, which can only be satis- 
factorily followed in the vase rooms of the British Museum, 
or other treasuries of Greek art. 


Period IV. 400-320 B.C. 

Until about the year 1880, our knowledge of the 
groat Greek sculptors of the 4th century was derived 
mostly from the statements of ancient writers and from 
Homan copies, or what were supposed to be copies, of their 
works. We are now in a far more satisfactory }K)Bition. 
Wo now possess an original work of Praxiteles, and 
sculptures executed under the immediate direction of, ii 
not from the hand of, other great sculptors of that age — 
Scopas, Timotheus, Damophon, and others. Among all 
the discoveries made at Olynqda, none has become so 
familiar to the artistic world as that of the . 
Hermes of Praxiteles. It is the first time that * * *** 
we have become possessed of a first-rate Greek original by 

one of the greatest of sculp- 

tors. Hitherto almost all 
the statues in our museums 
have been either late copies 
of Greek works of art, or 
else the mere decorative 
sculpture of temples and 
tombs, which was by the 
ancients themselves but 
little regarded. But we can 
venture without misgiving 
to submit the new Hermes 
to the strictest examination, 
sure that in every line and 
touch we have the work of 
a great artist. This is more 
than wo can say of any of 
the literary remains of an- 
tiquity — poem, play, or 
oration. Hermes is repre- 
E^nted by the sculptor (Fig. 

34) in the act of carrying 
the young child Dionysus 
to Ihe nymphs who were 
charged with his rearing. 

On the journey he pauses and amuses himself by holding 
out to the child-god a bunch of grapes, and watching his 
eagerness to grasp them. To the modern eye the child is 



Fio. 84.— Hermes of Piftxiteles, 
restored. Olympia, iii. 58. 
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not a Buceeas ; only the latest art of Qroeoe is at home in 
dealing "with children. But the Hermes, strong without 
excessive muscular development, and graceful without 
leanness, is a model of physical formation, and his face 
expresses the perfection of health, natural endowment, and 
sweet nature. The statue can scarcely be called a work of 
religious art in the modem or Christian sense of the word 
religious, but from the Greek point of view it is religious, 
as embodying the result of the harmonious development of 
•all human faculties and life in accordance with nature. 
The discovery of the Hermes has naturally set archieo- 
logists searching in the museums of Europe for other 
works which may from their likeness to it in various 
respects be set down as Praxitelean in character. In the 
case of many of the great sculptors of Greece — Cresilas, 
Silanion, Calamis, and others — it is of little use to search 
for copies of their works, since we have little really trust- 
worthy evidence on which to base our inquiries. But in 
the case of Praxiteles we really stand on a safe 'level. 
Naturally it is impossible in these pages to give any sketch 
of the results, some almost certain, some very doubtful, of 
the researches of archmologists in quest of Praxitelean 
works. But we may mention a few works which have 
l)een claimed by good judges as coming from the master I 
himself. Prof. Brunn claimed as work of Praxiteles a i 
torso of a satyr in the Louvre, in scheme identical with 
the well-known satyr of the Capitol. Prof. Furtwangler 
jmts ill the same category a delicately beautiful head of 
Aphrodite at Petworth. And his translator, Mrs Strong, 
regards, with greater probability, the Aberdeen head of a 
young man in the British Museum as the actual work of 
l^xiteles. Certainly this last head does not suffer when 
placed beside the Olympian head of Hermes. At Man- 
tinea has been found a basis whereon stood a group of 
Latona and her two children, Apollo and Artemis, made 
by Praxiteles. This base boars reliefs representing the 
musical contest of Apollo and Marsyas, with the Muses 
as spectators, reliefs very pleasing in style, and quite 
in the manner of Attic artists of the 4th century. 
But of course we must not ascribe them to the hand of 
IVaxitelcs himself; great sculptors did not themselves 
execute the reliefs winch adorned temples and other monu- 
ments, but reserved them for their pupils. Yet the grace- 
ful figures of the Muses of Mantinea suggest how much 
was due to Praxiteles in determining the tone and character 
of Athenian art in relief in the 4th century. Exactly the 
same style which marks them belongs also to a mass of 
sepulchral monuments at Athens, and such works as the 
Sidouian sarcophagus of the Mourning Women, to be 
presently mentioned. 

Excavation on the site of the temple of Athena Alea at 
Tegea has resulted in the recovery of works of the school 
ScopMB. Scopas. Pausanias tells us that Scopas was 
the architect of the temple, and so important in 
the case of a Greek temple is the sculptural decoration, 
that we can scarcely doubt that the sculpture of the 
temple at Tegea was under the supervision of Scopas, 
especially as he was more noted as a sculptor than as an 
architect. In the pediments of the temple were repre- 
sented two scenes from mythology, the hunting of the 
Calydonian boar and the combat between Achilles and 
Telephus. To one or other of these scenes belong two 
heads of local marble discovered on the 8i)ot, which are 
very striking from their extraordinary life and animation. 
Unfortunately both are so much iiyured that they can 
scarcely be made intelligible except by the help of restor- 
ation ; we therefore engrave one of them, the helmetcd 
head, as restored by a German sculptor (Fig. 35). The 
strong bony fmme of this head, and its depth from front 
to back, are not less noteworthy than the parted lips and 
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deeply set and strongly shaded eye ; the latter features 
impart to the head a vividness of expre8sii>n such as wo 
have found in no previous work of Greek art, but Inch 
sets the key to the developments of art which take place 
in the Hellenistic age. The head of the ('alydonian l)oar, 
which was found at the same time, is a curious ^^ork , the 
sculptor has transferred to the representation of a boar too 
much of his special style, and made it but little like an 
actual wild beast. Until these heads were found, Scopas 
was known to us, setting aside literary records, only as one 
of the 8culi)tor8 who liad worked at the Mausoleum. But 
it has now become possible to detect his style in many 
extant statues, such as the Meleager of the Vatican and 
the Hercules of the Lansdowno Gallery. It is also by 
no means unlikely that Scopas may have had a share in the 
carving of those sculptured pillars from the 4th-century 
temple of Ai temis at Ephesus with which the spade of 
Mr Wood enriched the British Museum. 



Fill. 86.— Head of uvarnoi, rrdlurod : Tegua. 


The interesting precinct of ^Esculapius at Epidaurus 
has furnished us with specimens of the style of an 
Athenian contemporary of Scopas, who -worked rimotheua, 
with him on the Mausoleum. An inscription BrymxU, 
which rex’ords the sums Bj>cnt on the temple of LeochareM, 
the Physician-god, informs us that the models 
for the sculptures of the pediments, and one set of acro- 
teria or roof adornments, were the work of Timotheus. 
Of the jHjdimental figures and the acroteria considerable 
fragments have been recovered, and we may with con- 
fidence assume that the models for these at all events were 
by Timotheus. It is strange that the unsatisfactory 
arrangement whereby a noted sculptor makes models and 
some local workman the figures enlarged from those 
models, should have been tolerated by so artistic a people 
as the Greeks. The subjects of the |)ediment8 appear to 
have been the common ojies of battles Ixjtweeu Greek and 
Amazon and l>etwccn Ijvpith and Centaur. We possess 
fragments of some of the Amazon figures, one of which is 
hcri' engraved (Fig. 36) striking downwards at an enemy. 
Their attitudes are vigorous and alert; but the work 
shows no delicacy of detail. Figures of Nereids riding 
on horses, which were found on the sfimc site, may very 
probably be roof ornaments (acroteria) of the temple. 
We have also several figures of Victory, which probably 
were acroteria on some smaller temple, perhaps that of 
Artemis. A base found at Athens, sculptured with figures 
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of horsomcn in relief, bearfl the name of Bryaxis, and was 
jirobably made by a pupil of his. Probable conjecture 
aBsigns to Leochares the originals copied in the Gany- 
iiKulos of the Vatican, borne aloft by an eagle, and the 
noble statue of Alexander the Great at Munich. Thus 
we may fairly say that we are now acquainted with the 



Fio. 80.»Amazon from EpldanruB. 


work of all the great sculptors wlio worked on the 
Mausoleum — Scopas, Bryaxis, Leochares, and Timotheus ; 
and are in a far more advantageous position than were 
the arclneologists of 1880 for determining the artistic 
problems connected with that noblest of ancient tombs. 
As regards the plan and architecture of the Mauso- 
leum, contributions have been made by Mr Oldfield 
(ArchxBologiay 1895-97), and Dr Adler Matuo- 

leum) ; but no generally accepted conclusion has been 
reached. Another groat 4th-ceiitury artist, Damophon of 
Messene, is now known to us from his actual works. He 

s(jt up in the shrine of 
the J/intrcsff (Despeena) 
at Lycosura in Arcadia 
a great group of figures 
consisting of Despeena, 
Demeter, Artemis, and 
the Titan Anytus. Three 
colossal heads found on 
the si)ot probably be- 
long to the three last- 
mentioned deities. We 
(mgrave tluj head of 
Anytus, with wild dis- 
ordered hair and tur- 
bulent expression (Fig. 
:i7). Dr Dorpfold has 
argued, on architectural 
grounds, that shrine and 
images alike must be 
given to a later time 
than the 4th century; 
and in consequence some 
archaeologists are of 
Fio. 87.' Hoad of Aliy tuH ; Lycosura 0]>inion that DamophoU 

must liave worked in 
the Bonjan age, or at all events in Hellenistic times. 
It is difficult to accept this view, because Damophon is 
sjK)ken of by Pausanias as author of a statue of the City of 
Thebes, and of many works in the cities established in 
Peloponnesus at the time of the Theban hegemony early 



in the 4th century. We prefer to retain Damophon 
as a sculptor of the 4th century, and even find no great 
difficulty in reconciling the style of his works with that 
date. 

This may bo the most appropriate place for mentioning 
the remarl^ble find made at Bidon in 1886 of a number 
of sarcophagi, which once doubtless contained 
the remains of kings of Sidon. They are now 
in the museum of Constantinople, and are 
admirably published by Hamdy Bey and T. Beinach * 
(f/ne necTfipole royalt d Sidon^ 1892-96). The sarco- 
phagi in date cover a considerable period. The earlier are 
made on Eg 3 q)tian models, the covers shaped roughly in 
the form of a human body or mummy. The later, how- 
ever, are Greek in form, and are clearly the work of 
skilled Greek sculptors, who seem to have been employed 
by the grandees of Phoenicia in the adornment of their last 
resting-places. Four of these sarcophagi in particular 
claim attention, and in fact present us with examples of 
Greek art of the 5th and 4th centuries in several of its 
aspects. To the 5th century belong the tomb of the 
Satrap, the reliefs of which bring before us the activities 
and glories of some unknown king, and the Lycian sarco- 
phagus, so called from its form, which resembles that of 
tombs found in Lyeia, and which is also adorned with 
reliefs which have reference to the past deeds of the hero 
buried in the tomb, though these deeds are represented, 
not in the Oriental manner directly, but in the Greek 
manner, clad in mythological forms. To the 4th century 
belong two other sarcophagi. One of these is called the 
Tomb of the Mourn- 
ing Women. On all 
sides of it alike are 
ranged a serit^s of 
beautiful female 
figures, separated by 
Ionic pillars, each in 
a somewhat different 
attitude, though all 
attitudes denoting 
grief (Fig. 38). The 
pediments at the 
ends of the cover are 
also closely con- 
nected with the 
mourning for the 
loss of a friend and 
protector, which is 
the theme of the 
whole decoration of 
the sarcophagus. Wo see depicted in them the telling of the 
nows of the death, with the results in the mournful attitude 
of the seated figures. The mourning women must be taken, 
not as the representation of any persons in particular, but 
generally as the expression of the feeling of a city. Such 
figures are familiar to us in the art of the second Attic 
school ; we could easily find parallels to the sarcophagus 
among the 4th-century sepulchral reliefs of Athens. Wo 
can scarcely be mistaken in attributing the workmanship 
of this beautiful sarcophagus to some sculptor trained in 
the school of Praxiteles. And it is a conjecture full of 
probability that it once contained the body of Strato, 
king of Sidon, who ruled about 380 B.C., and who was 
ptoxenoB or public friend of the Athenians. 

More celebrated is the astonishing tomb called that of 
Alexander, though there can be no doubt that, although it 
commemorates the victories and exploits of Alexander, it 
was made not to hold his remains, but those of some ruler 
of Sidon who was high in his favour. Among all the 
monuments of antiquity which have come down to us^ 
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none is more admirable than this, and none more charac- have l)een specially impressed with the colouring, whereof 
teristic of the Greek genius. We represent, in two lines, of course our engraving gives no hint, but whicli is applied 
the composition which adorned one of the sides of this sareo- to the whole surface of the relief with c()ual skill and 
phagus. It represents a victory of Alexander, probably delicacy. There are other features in the relief on vliicli 
that of Issue (Fig. 39). On the left wo see the Macedonian a Greek eye would have dwelt with special pleasure — th»‘ 
king charging the Persian horse, on the right his genera! exceedingly careful symmetry of the whole, tlie balancing 
Fkrmenio, and in the midst a younger officer, jierhaps ' of figure against figure, the skill with which the result of 
Cleitus. Mingled with the chiefs are foot-soldiers, Greek ; the battle is hinted rather than depicted. I'he eom]jo.sitioii 
and Macedonian, with whom the Persians are mingled in | is one in which the most careful planning and tlie iiir)st 
* unequal fiuy. What most strikes the modern eye is the precise calculation are mingled with freedom of hand and 
remarkable freshness and force of the action and the i expressiveness in detail. The faces in ])articular show 
attitudes. Those, however, who have seen the originals • more expression than would be tolerated in ert of the 



Fio 89.— Battltt of Isbuh : Barcophagns from Sidon llamdy ct Reinacb, NkropoU d Sidon, FI 80. 


previous century. We arc unable as yet to assign an 
author or even a school to the sculptor of this sarcopl^gus ; 
he comes to us as a new and striking phenomenon in 
the history of ancient art. The reliefs which adorn the 
other sides of the sarcophagus are almost equally interest- 
ing. On one side we see Alexander again, in the company 
of a Persian noble, hunting a lion. The short sides also 
show UB scenes of fighting and hunting. In fact it can 
scarcely be doubted that if we had but a clue to the 
interpretation of the reliefs, they would be found to 
embody historic events of the end of the 4th century. 
There are but a few other works of art, such as the 
Bayeux tapestry and the Column of Trajan, which bring 
contemporary history so vividly before our eyes. The 
battles with the Persians represented in some of the 
sculpture of the Parthenon and the temple of Nike at 
Athens are treated conventionally and with no attempt at 
realism; but hero the ideal and the actual are blended 
into a work of consummate art, which is at the same time, 
to those who can read the language of Greek art, a historic 
record. The portraits of Alexander the Great whicli 
appear on this sarcophagus are almost contemporary, and 
the most authentic likenesses of him which we possess. 
The groat Macedonian exercised so strong an influence on 


contemjiorary art, that a nmltitude of head.^ of the age, 
both of gods and men, and even the portraits of his 
' successors, show traces of his tyjie. All tlie extant 
portraits of the king are put together, in a j»auij)lilet by 
Dr. Koejip. 

Pci'iofl r. After B.c. 320. 

Our knowledge of the art of the age succeeding 
Alexander the Great, the age now commonly by historians 
called the Hellenistic, has rocei^ed a great 
accession since 1875 through the systematic 
labours directed by the German Archapological 
Institute, which have resulted in recovering the remains of 
Pergamon, the fortress-city which was the capital of tin* 
dynasty of the Philetieri. Among the ancient buildings of 
Pergamon none was more ambitious in scale and striking 
in execution than the great altar used for sacrifice to 
Zeus, a monument supposed to lx? referred to in the 
plirase of the AjHicalypse ‘‘where »Satan’s throne is.” This 
altar, like many great sacrificial altars of later G recede, was a 
vast erection to which one mounted by many steps, and its 
outside was adorned with a frieze which represented on a 
gigantic scale, in the style of the 2nd century B.C., the 
battle between the Gods and the Giants. This enormous 

R 1 — 74 
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frieze is now one of the treasures of the Royal Museums of 
Berlin, and it cannot fail to impress visitors by the size of 
tlie figures, the energy of the action, and the strong vein 
of sentiment wliich jicrvadcs the whole, giving it a certain 
air of modernity, though tht* subject is strange to the 
C^hristian world. In early Greek art the Giants where 
they op] lose the Gods are rei)rc8ented as men armed in full 
T)ano])ly, “in shining armour, holding long spears in their 
hands,’* to use the phrase in which Hesiod describes them. 
Hut in tlie JVrganiene friezt) the Giants are strange 
<*o!afK)unds, having the heads and bodies of wild and fierce; 
Iwirbarians, soirictimes also human legs, but sometimes in 
tin* i)!ace of legs two long serjients, the heads of which take 
with the Giants themselves a share; in the battle. Some- 
times also they are winged. The Gods apjKyir in the 
tonus which had be(*n gradually made for them in the 
course of Greek history, but they are usually accomimnied 

by the animals sacred 
to th(‘m in cultus, be- 
tween which and the 
seriient - fet‘t of the 
Giants a weird combat 
goes on. We can con- 
jecture the source 
whence* the Pergamone 
artist derived the 
shaggy liair, the fierce 
expi'ession, the huge 
muscles of his Giants 
(Fig. 40); probably 
these features came 
originally from the 
Galatians, who at the 
time had settled in Asia 
Minor, and were spread- 
ing the terror of their 
name and the report of 
their savage devasta- 
tions through all Asia 

Fio. 40 — Gimit from givat altai : rcrKtiinon victopr 

over the Giants clearly 
stands for the victory of Greek civilization over Gallic bar- 
barism ; and this meaning is made more emphatic because 
the Gods are obviously inferior in physical force to their 
opponents, indeed, a large jiroportion of the divine com- 
Imtants are goddesses. Yet every when; the Giants are 
overthrown, writhing in jiain on the ground, or transfixed 
by the wiiapons of their opponents ; everywhere the Gods 
are victorious, yet in the victory retain much of tlieir divine 
tMilni. The jiiecing together of the frieze at Berlin has 
betm a labour of many years, and is even y(‘t incomplete. 
We still await a final and monumental publication of it. 
Some of the grou])s, however, liavo become familiar to 
students from i)h()tographs, especially the grou]) which 
rejiresents Zeus slaying his enemies with thunderbolts, and 
the grou]) wherein Athciui seizes by the hair an overthrowui 
opponent, who is winged, while Victory runs to crown her, 
and beneath is seen Gtiia, the earth-goddess who is the 
imither of the Giants, rising out of the ground, and 
mourning over her van<iuished and tortured cihildren. 
Anoth(?r and similler frieze which also decorated the altar- 
place gives us scenes from the history of Telephus, who 
opposed the landing of the army of Agamemnon in Asia 
Minor and was overthrown by Acl lilies. This friezii, 
which is quite fragmentary, is put together by Dr 
Schneider in the JahrbiM^i of the German Archseological 
Institute for 1900. 

Since the Renascence Rome has continually produced a 
crop of works of Greek art of all jxiriods, ]»artly originals 
brought from Greece by conquering genenils, jiartly copies 



made by Greek artists for wealthy Roman amateurs. The 
extensive excavations and alterations which have _ 
taken place at Rome in recent years have been 
very fruitful in this way; the results may be found 
jiartly in the palace of the Coiiservatori on the Capitol, 
jjartly in the new museum of the Tcrme. Among recently 
found statues none excel 
in interest some bronzes 
of large size dating from 
the Hellenistic age. We 
engrave (Fig. 41) the 
figure of a st;ated boxer, 
in scale somewliat ex- 
ceeding life. Attitude 
and gesture are expres- 
sive. Evidently the 
boxer has fought 
already, and is awaiting 
a further conflict. His 
face is cut and swollen ; 
on his hands are the ter- 
rible csestus, here made 
of leather, and not loaded 
with iron, like the csestus 
described by Virgil. The 
figure is of astounding 
force ; but though the 
face is brutal and the 
expression savage, in the 
swee]) of the limbs there 
is nobility, even ideal 
beauty. To the last the Greek artist could not set aside 
his admiration for physical perfection. Another bronze 
figure of more than life-size is that of a king of the Hel- 
lenistic age standing leaning on a spear. He is absolutely 
nude, like the athletes of Polycleitus. Another large 
bronze presents us with a Hellenistic type of Dionysus. 

Sculpture of the Roman age has not in recent years 
been discovered to the same extent. Wo have gained 
rather by a closer and more exact study of monuments 
already known than from the discovery of fresh monu- 
ments. The columns of Trajan and of Antoninus have 
lieen re-published in a series of excellent photographic* 
plates. Many provincial monuments, such as the Roman 
tomb at S. Remy, the arch of Beueventum, the monument 
of Adam Klissi, have been more carefully published. 
Many additions !^ve been made to our already vast series 
of Roman portraits, and the gigantic publication of Arndt 
on Greek and Roman portraits has for the first time put 
together the necessary materials for a more satisfactory 
arrangement of portraits, as well as for their identification. 
Unfortunately, at present the great mass of portraits, both 
Greek and Roman, Jiave to be labelled “ unknown jjerson.” 
In Italian and other museums it has been the custom to 
assign names to portraits for reasons which will not bear 
investigation. Bernoulli’s liomuche Ihofnogrwphie is, how- 
ever, a scientific work; a similar work % Bernoulli on 
Greek iconography is now in course of publication : the 
book of Visconti is quite out of date and untrustworthy. 

The most important discovery at Pompeii, during the 
last quarter of a century, has been that of the Domus 
Vettioruin, a house wlioreof the walls are adorned with 
an* unusually iini>ortant series of paintings, jiartly scene's 
from Greek mythology, partly scenes which give us 
glimpses of daily life. Among the former are Achilles in 
^yros, the punishment of Dirce, the death of Pentheus, 
Dmdalus and Pasijihae. Among the latter we eRi)ecially 
note the series of scenes in which Cupids are represented 
as engaged in various kinds of manufacture and commerce, 
a Hellenistic fashion of introducing the actual in a manner 
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not too literal. Other paintings found at Homo range 
with or even excel those of Pompeii, notably the re- 
markable wall-paintings representing artificial gardens 
with shrubs and flowers, which have be(jn found at 
Priina Porta. 

The whole subject of Roman art has l^een n'cently 
<li8cussed by Prof. Wickhoif of Vienna in an essay trans- 
lated into English by Mrs. Strong. This writer claims 
for the art of Italy and of Rome greater independence and 
more importance than had beisn conceded to it by other 
writers. Ho regards the art of the Augustan age as the 
last efflorescence of the Greek creative genius, which at 
that time had passed by a reaction against the strained 
and theatrical tendencies of the Pergamene school to a 
.somewhat dry and insipid naturalism, a style of which the 
portraits of Augustus, the reliefs of the Ai-a Pacis at Rome, 
and some of the paintings of Pompeii are good examples. 
Against the jejuneness of this art the national spirit of 
Italy, which had for long been expressed in a series of 
portraits, lifelike if somewhat coarse, revoltf^l towards the 
end of the 1 st century. The result is to lx» observed in 
the portraits of the Flavian age, which are far more vivid 
than those of the Caesars, as well as In the remarkable 
reliefs of the arch of Titus and the column of Trajan. In 
this national Roman art, l^of. Wickhoft* does not hesi- 
tate to see illusionism, as opposed to the typical art of 
Greece, and the naturalism of the (*arly empire. Its chief 
features are the attempt to i)roduce a vivid and individ- 
ual effect, often worked by very simple means, and the 
continuous method of represenbition of events, a method 
according to which successive scenes of a transaction follow 
one another without any separation, and the actors appear 
again and again in the same relief. Thus Trajan apjiears 
eighty-five times over in the continuous scroll of relief 
which adorns his column ; and on Homan sarcophagi the 
successive scenes of a mythical tale follow one another 
without division. It was, according to Prof. Wick- 
hotf, from illusionist Roman art that the earliest Chris- 
tian art took its origin ; hence its effects lasted far 
on into the Middle Ages. It is evidently impossible 
in this place to criticize these novel views; their im- 
portance lies in the fact that they are }ierha})R the 
first attempt to set forth the course of Roman art as 
a valuable development rather than as a mere jiroeess 
of degeneration ; but most readers will think that 
Dr Wickhoff overvalues Roman, and undervalues Greek 
art. (p. o.) 

Archang^eL See Arkhangelsk. 
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Archbaldp a borough of I^iokawaniia couiit> , Penn- 
sylvania, U.S.A., in the anthracite coal region in the north- 
eastern part of the state, on several railways. Population 
(1890), 4032; (1900), 5396. 

ArcheSp Court of the.- 'The court of the 
Arches is the court of apjH'al of the aiehbishop r)l Ganter 
bury as metropolitan of the ]>rovirK*e ol (Vuiterbui\ from 
all the consistory and eornmissjii y courts in tlie prf>viijc(‘, 
and its decisions are in most cases a]ipealable tf) tlio judicial 
committee of the Privy Ojuncil. (See Kiicj/. lint, \ol. h. 
p. 378.) The judge (known as the dean of the Arches) 
was until 1874 a]>pointed l>y the archbishop of (^antei' 
bury by pabuit which, when conlinned by the dean and 
chapter of Canterbury, conferred the office for the life 
of the holder. H(i look the oatlis of office re({iiired 
by the 127th canon, liul l)y the Public Worslii]) Regu 
lation Act, 1874 (37 and 38 Viet. c. 83), the two airh- 
bishops 'were ein|>owered, subject to the a]>i»roval ol tin* 
sovereign by sign-manual, from time to time to aj»point a 
judge for the jmrpose of exercising jurisdiction under 
that Act, and it ^\as enacted (sec. 7) that on a. vacancy 
occurring in the office of dean of the* Arches, tlie judge su 
to be appointed should lK*come f /* dean of the 

Arches. In this way the late Lord Penzance l>ecame 
dean on the retirement of Sir Rol)ert Pliillinioie in 
1875. Lord Penzance received m 1878 a supplemental 
{latent as dean from Arclibishop Tait, but di<l not 
otherwise fulfil the condition.s observed on the appoint* 
ment of his predecessors. On Lord Pen/aiice’s retire- 
ment in 1899, his successor, Sir Arthur Charles, was 
appointed dean by patent from the archbishop ol (Canter- 
bury, and he took the oaths of office according to the 
practice Ixffore the Public Worship Regulation Act. He 
was subsequently and separately ajipointed judge under 
that Act. 

Under the Clergy DiRciphne Act, 1892 (5r> and 50 Vict. v. 32, 
sec. 4) an appi^al lies fiom the judgment of a consistury (‘nine 
under that Act, in respect of fact by leave of the appellate coint, 
and in reBjicct of law \Mthout leave, to either the court of the 
Arches or the judicial committee of the Privy Couneil at the 
option of the ap)>cllant. Under tho Renehees Act, 1898 (01 and 
02 Viet. c. 48, sec. 3 (4)), the official princq^l of the aichhisho]* 
is reqiiiied to institute a presentee to a beneliec il the tribunal 
constituted under that Act decides that there is no valid giuuiid 
for refusing institution and the bishop of tlio diocese not- 
withstanding fails to institute him. For many ycais past 
there has been but little business in tho court of Airlicsj. On 
the rare occasions wlien a sitting of the court is noccssaiy, 
it is held in the library of Lambeth Palace, oi at the Clmich 
House. (I.. T. L.) 
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I. Modern. 

B oth in England and in the United States, the last 
quarter of tho 19th century was a period of unusual 
intercjst and activity in architectural development. WTiile 
other nations have been content to carry on their archi- 
toctiire, for the most part, on the old scholastic lines 
which had been prevalent since tho Renaissance, in the 
two countries named there has been manifest a spirit of 
unrest, of critical inquiry into the basis and objects of 
architecture; an aspiration to make new and original 
creations in or applications of the art, without example 
in any other peri^ in the modern history of architecture. 
In Phigland, the ** note ” — heard 'with increasing shrillness 
of crescendo towards the very last year of the century — 


has been the cry for originality, for throwing off the 
tmmmels of the past, for rendering architecture more 
truly a direct expiessio»’ of the conditions of practical 
requirement and of structure. This 'v^as no doubt to 
some extent the effect of a reaction. During the greater 
pirt of the (’entiiry architectural strength had been 
; spent in revivals t)f past styles. First came the Greek 
revival, of which the best result was St George’s Hall 
at Liverpool, and the worst tlic formation of the tower 
of St l*anc)'as (Jliurch in London by piling three Greek 
temples or shrines one iqxui another. Then followed 
the Gothic revival, which gamed an immense inq etus 
from the fact that it coincided with the spiritual and 
ecelesiological revival of the Jvnglish eburcli— and indeed 
it is rather difficult to apportion cause and effect between % 
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the spiritual and the architectural revival. At all events, 
donee iemjda refecimm was the motto of the day. The 
land was covered with modern mediieval churches, and 
with Gothic town halls and residences ; and the business 
of restoring cathedrals was carried to an extent which 
deprived some of them of most of their value, and which 
an after generation has had to regret wlien regret was 
unavailing. 

It was in 1869, just before the period we are here 
(hulling with, that the great (;omj>etition for the London 
]jaw Courts took place ; and Street^s building, 
® completed a few years afterwards, wiia the last 

great national building erected in the revived Gothic style; 
as was observed shortly after its completion, it was “ the 
graves of modern Gothic architecture,” at least as regai’ded 
imysortant secular buildings. Churches indeed, up to the 
clo.se of the century, continued to be built, f(sr the most 
])art, in revived Gothic; but this was owing to special 
clerical influence, which saw in Gothic a style 8];)ecially 
consecrated to church architecture, and would be satisfied, 
as a rule, with nothing else. hjfforts have Ixscn inad(‘ 
by arehit(jcts to modify the medi{*3val church plan into 
something more pmctically suiU'd to inodiu-n congrega- 


and in plain materials, in many cases shorn of its 
columnar features, aud reflecting faithfully enough the 
prim rationalistic taste in literature and art of liie 
England of the 18th century. Though not to be dignified 
as a it was, however, a recogniasable and consistent 
manTier in building; it made extensive use of brick, a 
material incx^iensive and at the same time very well 
suited to the English climate and atmosphere; aud it 
w'as generally carried out in very solid proportions, and . 
ivith very good workmanship. To a generation tired of 
I imitating a great style at second liand, this unpretending 
and simple model was a welcome relief, and led to the 
erection of a considerable number of modern buildings, 
dwelling-houses especially, the obvious aim of which was 
to look as like 18th-century buildings as possible. A 
typical example is the large London house by Mr Norman 
Sliaw, at the corner of Queen’s Gate and lmf)erial Institute 
Hoad. The Chelsea Vestry Hall (Fig. 1), by Mr. Brydon, 

]s a good example of a public building in the revivecl 
Queen Anne styh*. 

A change of front from copying a great style like the 
mediaeval, to copying what is at b^t a bastard one, 
if a style at al],*might not seem to promise very much 


tional worshiji, by a system of reducing the side ai.sle8 to 
iiKTe narrow passages for access to tiie seats, thus rc^tain- 
ing the architectural effect of the arcade, while keeping 
it out of the way of tlwi sedated congregation ; and there 
have Ix'en occasional reversions to the ancient Christian 
basil i(ja type oi plan, or sometimes, as in the church in 
Davies Street, London, attempts to treat a church in a 
manner entirely independent of arehiteetural precedent; 
b\it in the main, Gothic has continued to rule for 
eliurclu's. Apart from this sjiecial class of building, 
boweviT, revived Gothic began to dioop during the 
’st»venti(!s. AH had been copied that could 1 k' copied, 
aud the rcjsult, to the architectural mind, was not satis- 
faction but satiety. Gothic b(*gan to Ix^ regardt^d as 
“ played out,” The imm(?diatc result, however, was not an 
organized attempt to think for ourselves, and make our 
own style, but a recourse to another class of juveedent, 
r(‘pre.sonted in the type of early 18th-century build- 
ing which Ixjcaine known as “Queen Anne,” 
and which, like (gothic lief ore it, was now to 
be recommend(*d as “essentially English,” as 
in fact it is. It ean hardly, however, be called an 
architectural style , it would Jiavc no right to figure in 


■ for the omanci{)ation of mexiern architecture; yet there 
turned out to be one element of progress in it, resting 
on the fact that the comparatively simple detail of the 
18th-century buildings formed a kind of vernacular of 
building workmanship, which could Ihj comprehended and 
carried out by g<x)rl artisans as a recognized tradition. 
Now, to reduce architecture to gexxi sound building and 
good workmanship secerned to promise at any rate a better 
basis to work upon than the mere imitation of classic or 
mediieval detail; it might conceivably furnish a new 
starting-}M>iiit. This was the element of life in the Queen 
Anne ifvival, and it had, as we shall see, an influence 
beyond the circle of the special revivers of the style. 
But almost roncurrently with, or following hard ui)on, 
the “ Queen Anne ” movement arose the idea of a modern 
architecture, founded on a free and unfettered treatment 
of the materials of our earlier Renaissance architecture^ 
as illustrated in buildings of the Stuart period. This 
now ideal was styled “ free classic,” and it gave , 
the prevailing tone to English architecture for 
the last hfteciii years of the century, though it 
had its commencement in certain characteristic buildings 
a gooa many years earlier than that. In 1873, for 
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instance, there arose a comparatively small 
front in Leadenhall Street, under the name 
of “New Zealand Chambers” (Fig, 2), and 
designed by Mr Norman Shaw, R.A., which 
excited more attention, and had more influ- 
ence on contemporary architecture than many 
a building of far greater size and importance. 
This represented the playful and picturesejue 
possibilities of “free classic.” Its morcj rtv 
strain(xl and refined achievements were early 
(exemplified in Mr Bodley’s design for the 
front of the London School Board Offices on 
the Thames Eml)ankment ; ^ a comparatively 
small building which also exercised a con- 
siderable influence. There were no details 
here, however, but what could be found in 
Stuart (or, as it is more often called, Jaco- 
bean) architecture, but the building, and the 
])rominence of its architect’s name, helped to 
draw attention to the possibilities of the 


any work illustrating the great archite('tural styles of the style, and it has been discovered that free classic is 

world It WM, in faot. the last dying of the “TiT,;— de.«n duplicated 

English Benaissance ; the architecture of the classic order afterwftrdg. on the extension of the building, but Mr Bodtoy 

reduced to a threadbare condition, treated very simply originated it. 




ARCHITECTURE 


589 


susceptible of a great deal of original treatment based 
on Renaissance elements. As an example, we may cite 
a street front built some twenty years later by another 
academician-architect; viz., the offices of the Chartered 
Accountants in the City, by Mr J. Relcher, A.R.A. More 
dignified and moi’e monumental than New Zealand 
Chambers, more original than the Sch<^ul H<wrd Offices, 
this front contains some details and a genend treatnnmt 
which may bo said to ha absolutely new; it affords 
another example of a piece of street architecture which 
attracted a great deal of attention, and has had an effe<'t 
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Fio. 2.— N«»w Zeftlanrl Chnmlvra. (11 Norman Shav\ Jf.J.) 

quite disproportionate to its size ami importance as a 
building ; and it gives a general nioasurc of the progress 
of the “ fre<^ classic ” idea. During the last decade of the 
century “free classic*^ has been almost the recognized 
style in English architecture, and has lK3en illustrated in 
many town halls and other largo and important build- 
ings, among which the Imiierial Institute is a prominent 
example. 

(/oncurrently with this tendency towards a free classic 
style there has arisen another movement which has had 
I/M influence alremly on English archi- 

AftM^ tecture, and which will pi*obably have a further in- 
fluence in the future, viz,, an increased perception 
of the importance of decorative arts — sculpture, {tainting. 


mosaic, &c. — in alliance w ith architecture, and of the archi- 
tect and the decorative artist w’orking together and in 
harmony. This is no more than w’hat has long been under- 
stood and acted on in France, but it has been a new' liglit to 
modern English architecture, in which, until a comparativ(»ly 
recent period, decorative painting w^as hardly thought of, 
and decorative sculpture, wdiere it was intro<luce<l, was too 
often, or indeed generally, the mere woik of some trading 
firm of masons. Rut of late ^i*ars wMilpturc has tiikcn 
tt far more ]»rominent ]>lacc in connexion witli archi- 
tecture ; it has become a habit with the bo»-t architects 
to rely largely on the introduction of ajipro- 
priate and symbolic sculpture to add to th(j 
interest of their buildings, and to associate 
with them eminent sculjitors, who, insti'ud 
of regarding their wwk only in the light of 
isolated statues or groujis for the exhibition 
room and the art gallery, aie willing to give 
their best efforts to produce high-class 
sculpture for the decoration of an arcln- 
tcctural d(‘.sign whicli forms the framework 
to it. 

Notice should lx* taken, however, of 
anothiT movement m English aiehitectnie 
during the closing years of tluj 
19th century. Reference lias 
already been made to one idea /i/m/. 
which prompted the culture of 
the “Queen Anne’^ ty])e of architecture- 
that it presented a simjile vernacular of con- 
struction and tli*tail, in wdiieh solid woik- 
manship was a more prominent clement 
than elaboration of what is known as archi- 
tectural style. To a small grou]) of cle^er 
and enthnsiastic nn'hitecls of the younger 
generation it aj)jK‘ar(*d that this idea of 
reducing architecture to the common sense 
of construction might be carried still 
further; that as all the revivals ot styles 
since the Renaissami' hatl faili'd to give 
permanent satisfaction and had tended to 
reduce architecture to a IimiiuxI imitation 
of the work of tornier ejiochs, the real 
chance for giving life to architecture as a 
modern art was to throw aside all the con- 
ventionally acci'ptfxl insignia of architec- 
tural stylo — columns, julastcTs, coniices, 
buttresses, tVc. and to begin over again 
with m«*re workmanship - wall-building and 
carpentry — and trust that in process of 
time a ni'w decorative detail would be 
evolved, indebted to no precedent. Tlie 
building artisans, in fact, wcni collectively 
to tak(' th(' place of the architect, and tlie 
fonn of the building to be evolved by a 
natural pnwess of growth. This was a 
favtmrite idea also with William orris, who insist'd 
that mediaeval art— the only art w hich he recognized us of 
any value (GrtMik, Roman, and Renaissance being alike 
contemptible in his eyes)— was essentially an art of the 
ix^ople, and that in fact it was tin' nuMlern arcliitects who 
sRkmI in the way of our having a genuine architecture of 
the 1 9th centuiy. ( Considering how much of merely formal, 
conventional, and soulless architecture has been pro- 
duced in our time under the guidance of the professional 
architect, it is imi^ssible to deny that there is an clement 
of truth in this reasoning ; at all events, that there have 
been a good many modern architects who have done more 
harm than gooil to architecture. But when wc come to 
follow out this reasoning to its logical results, it is 
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ol»vious that there are serious flaws in it. Morris’s idea 
that mcdiusval architecture alone was worthy the name, 
wo iriay, of course, dismiss at once ; it was the prejudice 
of a man j^enius wliose sympathies, both in matters 
social and artistic, were narrow. Nor can wo regard 
the media* val cathedrals as artisan’s architecture. The 
name of “architect” may have been unknown, but 
that the personage was present in some guise, the very 
individuality and variety of our English cathedrals attest, 
reterboroiigh front was no mere mason’s conception. 


And when avc come to consider modern conditions of 
building, it is iiorfoctly obvious that with the complicated 
j)ractical rt*quironicnts of modern building, in regard to 
planning, heating, ventilation, «tc., the planning of the 
wljole in a comiiietc* set of drawings, before the building 
is l)egun, is an absolute necessity. We are no 
longer in mediievjil times ; modern conditions require 
the modern architect. The real cause of failure, as far 
as modern ar<diit(*eture is a failure, lies partly in the 
fact that it is jiractised too much as a profession or 
business, too little as an art ; jiartly in the deadening 


effect of public indiflerence to art in Britain. If the 
public rt‘ally desired great and impressive works of 
architecture they would have them ; but neither the 
British public, nor its mouthpiece the Covernment, care 
anything akuit it. Tlieir highest ambition is to get 
convenient and economical buildings. And as to the 
theory of tlie new school, that we should throw over- 
board all precedent in architectural detail, that is 
intellectually impossible. We arc not made so that we 
can invent everything de novoy or escape the effect on 
our minds of what has preceded us ; the attempt can 
only lead to baldness or eccentricity. Every great style 


of architecture of the past has, in fact, been evolved from 
the detail of preceding styles; and some of the ablest 
and most earnest architects of the present day are, 
indeed, urging the desirability of clinging to traditional 
forms in regard to detail, as a means of maintaining the 
continuity of the art. This does not by any means imply 
the absence of original architecture; there is scope for 
endless origination in the plan and the general design of 
a building. The Westminster Houses of Parliament (one 
of the greatest buildings of modern times), is a prominent 
example. The detail is a reproduction of 
Tudor detail, forced upon the architect by 
order of the Government ; the plan and 
the general conception are absolutely 
original, and resemble those of no other 
pro-existing building in the world. 

It Is necessary to take account of all 
these movements of opinion and principle 
in English architecture to ap- 
preciate properly its position 
and prospects at the time with stmtcM* 
which wo are hero dealing. 

Turning now from England to the United 
States, w’hich, as already observed, is the 
only other important country in which 
there has l)een a general new movement 
in architecture, we find, singular to say, 
that the course of development has in 
America been almost the reverse of what 
has taken place in England. The rapidity 
of architectural development in America, 
it may be observed, during the last 
quarter of a century, has been something 
astonishing; there is no jttirallel to it anywhere else. 
Some thirty years ago, or oven less, the currently accepted 
architecture of the American Kepiiblic was little more than 
a bad rei)etition of the English Gothic and Classic types 
of revived architecture. At the j>resent day no nation, 
except perhaps France, takes so keen an interest in archi- 
tecture and produces so many noteworthy buildings ; and 
it may l)e observed that in the States the public and the 
official authorities seem really to have some enthusiasm on 
the subject, and to desire fine buildings. But the stirring 
of the dry bones began in America where it ended in 
England. The first symptoms of an 
original spirit operating in American 
architecture showed themselves in domestic 
architecture, in town and country houses, 
the latter especially ; and the form which 
the movement took was a desire to esca[x^ 
conventional architectural detail and to 
return to the simplest form of mere build- 
ing ; n)ck- faced masonry, sometimes of 
materials picked up on the site; chimneys 
which were plain shafts of masonry or 
brickwork ; woodwork simply hewn and 
sejuared ; but the whole arranged with a 
view to picturesque effect (Figs. 3 and 4). 
This fonn of American house became an incident in the 
course of modem architecture ; it even had a recognizable 
influence on English architects. About the same time an 
inq)etus of a more special nature was given to American 
architecture by a man of genius, the late H. H. Richardson, 
who, falling b^k on Romanesque and Byzantine types of 
architecture as a somewhat unworked field, evolved from 
them a type of architectural treatment so distinctly his 
own (though its origirm were of course quite traceable) that 
ho came very near the credit of having i)ersonally invented 
a style ; at all events he invented a manner, which was so 
largely admired and imitated that for some ton or fifteen 
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years American architecture showed a distinct tendency to 
become “ Richardsonesque ” (Fig. 5, see l*late). As with 
all architectural fashions, however, people got tired of this, 
and the influence of another very able Ameri(‘an architect, 
the late R. Morris Hunt, who had received his educa- 


Pia. 7.— American Modern High Building (American Surety Co., 
New York). 



tion at the £cole des Beaux -Arts of France, coupled 
perhaps with the proverbial philo-Gallic tendencies of the 
modern American, led to the American architects, during 
the last decade of the century, throwing themselves almost 
entirely into the anns, as it were, of France ; seeking their 
education as far as possible in Paris, and adopting the 
theory and practice of the £cole des Beaux- Arts so com- 


pletely that it is often impossible to distinguish their 
designs, and even their methods of dmwing, fioni those of 
French architects brought up in the strictest rcgiim* of the 
“Ecole.” By this French movement the Ameiicans \m\v, 
on the one hand, shared the advantages and the inflmuict' 
of what is undoubtedly the most complete school of aichi 
toctural training in the world ; but, on the other hand, 
they have foregone the opportunity winch might ha\»' 
been afl^orded thorn of develojnng a sr iiool or style (jf 
their own, influenced by the circumsbinces of their own 
reijuirements, climate, and materials. Fig. 0 (see Plate) 
shows an exani])lo of recent American architecture ot 
the Euro^H^an classic tyi)e. Thus, in the two countries 
which during the last quarter of a century havt) shown the 
most activity and restlessness in their architectural asj>i ra- 
tions, and given the most original thought to the subject, 
England has constantly tended towards throwing off the 
yoke of precedent and escaping from the limits of a schol- 
astic style ; w^hile America, commencing her era of archi' 
toctural emancipation with an attemiit at first ])rinciples 
and simple but picturesipie building, has ended by a 
pretty general adoption of the highly-develo]>ed scholastic 
system of another country. The contrast is certainly a 
curious one. Only one original contribution to the art 
has bpen made by America in recent da}s — one arising 
directly out of practical conditions, viz., the “high 
buildings ** in cities ; a form of architecture which may be 
said to be due directly to the fact that New York is built 
on a peninsula, and extension of the city is only possible 
vertically and not horizontally. The tower-like buildings, 
served internally by lifts, to which this condition of tlniigs 
has given rise (Fig. 7), form a really new contribution 
to architecture, and have been handled by some of the 
American architects in a very effective manner ; though, un- 
fortunately, the rage for rapid building in the cities of 
the States has led to the adoption of a system of running 
up such structures in the form of a steel framing, ca.Hed wuth 
a mere skin of masonry or terra cotta for appt'araiice* sake, 
which in reality depends for its stability on the stt'el 
framing. This is not only a false system of architectural 
design, but may probably prove to be a dangerous form of 
building. It must be admitted, however, to be a new' 
contribution to architecture, and renders New York, as 
seen from the harbour, a “towered city” in a sen.se not 
realized by the poet. 

Some sketch of the state of architectural thought or 
endeavour in England seemed essential to the subject, 
since it is there that w hat may be called the philoso])hy of 
architecture has been most debated, and that thought has 
had the most obvious and most direct effect on architectural 
stylo and movement. That this has been the case has no 
doubt been largcl} due to the influence of Ruskin, who, 
though his arcliitectural judgment w'as on many points 
faulty and absurd in the extreme, had at any rate the 
effect of setting pcojile thinking - not without result. In 
other countries architecture coiitimied to puisne, u]) to 
the close of the century, the scholastic ideal imiircased 
upon it by the Rcnaiswince, witliout exciting doubt or 
controversy unless in a ^ ^Ty occasional and partial manner, 
and w ithout any changes save those minor ones arising 
from changing habits of execution and use of material. 
In Germany there appears to be a certain tendency tf> a 
greater freedom in the use of the materials of classic 
architecture, a certain relaxation of the bonds of scholasti- 
cism ; but it has hardly assumed such ])roportions as to be 
ranked as a new movement in architecture. 

Turning from the critical to the historical aspect of the 
subject, W'e find that in England the chief activity has 
been in public buildings and in street architecture. As 
already observed, church architecture has for the most 
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part followed, under clerical influence, the old line« of the 
mediaeval revival ; and there have been comiwiratively 
fewer churches built than in the middle portion 
exmt^ha; century, nor has the general interest in 

ctarchea.* architecture been of late by any means 

what it was during the earlier revival, the 
enthusiasm of which has in fact to a great extent burned 
itself out. There are, however, some incidents worth 8j>ecial 
notice. The building of a new cathedral is an event 
which stands alone in mf)dnrn England. It is true that 
Truro Clathcdral, designed by the late Mr Pearson, K.A., is 
not com] doted, but it has Ixhmi carried further towards 
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completion than was first hoped, and is perhaps the most 
remarkable and most succe^ul example, in a scholastic 
sense, of revived Gothic, being internally almost (if one may 
say so) more medimval than a mediaeval cathedral itself, as 
far as detail is concerned, though not without original 
features, and externally showing the distinct impress of 
its architect’s special feeling. One may regret that a great 
modern cathedral should not have been planned and de- 
signed on more modern lines ; but it is a study in Gothic 
which Hi)eakB the thorough capacity and knowledge of • 
its architect, and which no other country could have pro- 
duced. Some of Mr Pearson’s parish churches, as those of 



Fio, 8.— 'Interior, Rt Claio'K, 

lied Lion Square aiul Ivilburn, Loudon, are among tlu* 
best and most striking modern buildings of their ty|»e. 
The addition of new naves to two mediaeval churches — that 
of Bristol, by Street, that of St Saviour’s, Southwark, by 
BJomfield, is an interesting achievement, and in these cases 
the use of revived Gothic was quite justified, for reasons 
of architectural consistency. In oiiposition to such work 
may be mentioned the curious and characteristic incident 
of the delivery of St Albans Abbey (miw St Albans 
C’athedral), one of the most interesting and most valuable 
of the ancient mediaeval monuments of the country, into 
the hands of a wealthy lawyer with a taste for playing 
the architect, the fact of his providing the fumls being 
apparently accepted by public opinion as a (piite sufficient 


[ Jverpool. {Tmnard Stokes.) 

reason for allowing him to do what he liked with a build- 
ing w^hich is a national possession. There is probably up 
other civilized country in which such a proceeding would 
be possible. Among other events connected with the 
much -vexed question of restoration may be mentioned 
the re|)airing of the north transept of Westminster Abbey 
by. Mr Pearson ; in this case an excusable proceeding, as 
the archsBological as well as architectural value of the 
fa 9 ade had already been entirely destroyed by bad restora- 
tion earlier in the century, and Mr Pearson merely sub- 
stituted good modern Gothic for bad. The taking down 
and rebuilding of the upper portion of the front of Peter- 
liorough Cathedral, render^ absolutely necessary on 
account of its structural condition, will be long remem- 
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beied on account of the opposition raised against it by understand the practical necessity ot the case. The hist 
archMlogists, who were unable, or did not choose, to years of the 19th century witnessed the progress to an 




Fio. n — Imperlnl Instftntft. ) 


advanced stage of the most remarkable j)ioce of Knglish 
church architecture of the period, the Roman (Catholic 
Oathedral at Westminster, by Mr Bentley; a building 


which is not a Gothic revival, but goes ba<;k to earlier 
(Byzantine) precedents; not, however, without a considor- 
abie element of novelty and originality in the design. 

S. 1. — 7S 
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In ordinary church arcliitccture, though there is still a 1 with a solid masonry dome, instead of a huge dish-cover 
gf)od deal of mere imitation inodiitival work carried out, of glass and iron, there would have been little to find 
we have not been without exanij)los of a new and original i fault with in its general conception. It wras also the 
application of Gothic mateuals. The 
interior of the church of St Clare, Liver- 
|)ool, by Mr Leonard Stokes (Fig. 8), is a 
good exanjple of the modified treatment 
of the three -ai»lc‘(l mediaeval plan already 
referred to, th(i side aisles being reduced 
to passages ; and uLo of the tendency ii. 
recent years to 8iin])lify the ticatmont oi 
Gotlnc, in contrast to the florid and over- 
carved churches of the Gotliic revival. 

The churches of Mr Brooks have shown 
many examples of a solid plain treat 
mont of (jf)thic, yet with a great deal ol 
character (Fig. 9); and the late J. I), 

Sodding built some showing great origin- 
ality , among w'bich the interior of his 
church of the Holy Hedeemer, Glerkon- 
well, affords also an interesting example 
of the modern fi*eo treatment of forms 
derived from classic architecture. 

In the architejcturo of public buildings 
one of the earliest incidents in the period 
was the completion of the Albert Hall, 
which, though the work of an engineer, and 
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commonplace in detail, is in the main a fine and novel 
architectural conception, and a practical success (con.si<ler- 
ing its abnormal size) as a building fur musical perform- 
ances. Had its constructor bcjcn bold enough to roof it 
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first modern English 
building of importance 
to be decorated 
externally with 
symbolical 
figure com})osition, in the 
8hai)e of the large frieze 
in a coarse mosaic of 
terra cotta, which is 
carried round the upper 
portion of the exterior. 
Connected with this, 
both historically and in 
architectural grouping, 
is the All)ert Memorial, 
the w’ork of Scott, in- 
tended as a “ shrine ” on 
a great scale, wdiich both 
for origiiialityand beauty 
claims more credit than 
it has generally received. 
Its worst fault is that 
the angle piers are not 
adequate for the thrust 
of the arches, which are 
secured by concealed iron 
ties. Here again w e had 
an early (modern) ex- 
ample of the sculptor 
working in harmony 
with the architect ; and 
though there has been a 
groat advance in English sculpture during the last quarter 
of the century, much of that on the Albert Memorial still 
commands admiration ; the colossal central figure, entirely 
out of scale wdth the rest, being unfortunately the weakest 
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portion of the work. The subject of the Government 
Offices in London forms in itself an important (•ha])ter in 
recent architectural history. The Home and Foreign 
Office block was finished in 1874 ; a sumptuous, but weak 


and ill-planned building designed by Scott, inviid Minervd^ 
in a style alien to his own predilections. In 1884 took 
place the great competition for the War and Admiralty 
Offices conjointly, won by a commonplace but admirably 
drawn design, presenting some good points in planning. 


The building was to stand between Whitehall and St 
James's Park, with a front l>oth ways. The romi)etition 
came to nothing, and the successful architects were event* 
ually employed to Iniild the new Admiralty as it now' 
stands, a mean and commonplace budding 
with no street frontage, in which economy 
was the main consideration, and totally dis- 
creditable tf) the greatest naval power in the 
world. In 1898-99 it was at last resol \e< I 
to build a War Office and other Govenniu‘nt 
Offices much needed, and an irregular site 
opposite the Horse Guards was selected 
for the War Office and one in Great 
George Street for the others. In this 
ease there w'as no competition, but the 
Government selected tw'o architects after 
inquiry as to their works (“classic "arohi 
tecture Injing a sine ijud Mr Young 

for the War Office, and Mr llrydon toi the 
Great George Street block. The War 
Office site is inadecpiate and totally u»i 
symmetrical, the boundary ot the building 
Ixiing setthid by the boundjiry of the. 
street curb, and the inner courtyaids will 
lie of very mean piojiortions comjiaied 
with the great courtyard of tin* Home and 
Foreign Office. Both arcJiiteets ha^e jiro- 
duced grandiose designs, but m regard to 
the War Office at least the GovernriH'nt 
liavo thrown away a great fqiportunil) 
Unfortunately, throwing away great op- 
portunities has l)een the history of 
the Government buildings over since the 
Houses of Parliament, a really fine build- 
ing, was comjihited. 

There can only be further enumerated a 
few of the more important buildings C4irrii‘{i 
out in England during the later ye»irs of the 
19th century, and mention made of the 
general course which architecture has taken 
in regard to special classes of buildingN 
The Natural History Museum (Fig. 10, set* 
Plate), completed in 1881 by Mr Alfred 
Waterhouse, may stand as a type of the 
taste for the employment of terra cotta, 
with all its dangerous facilities in orna- 
mental detail, which that architect speci- 
ally sot the exain])le of. Detail is certainly 
overdone here, but the building is strik* 
ingly original; a point not to be ovei- 
looked in these days of architectural copy- 
ing. The Imperial Institute, the result of 
a conijx'tition among six selected archi- 
tects, represi'Tits also a ty])e of architecture 
which its architect, Mr Collcutt, may be 
said to ha\e matured for himself, and 
w'hicli has been extensively imitated ; a re- 
fined variety of free classic, always quiet 
and delicate in detail, though jierhaps 
rather w'antiiig in architectonic force (Fig. 
11). The next great architectural com- 
petition was that for the comjiletion of 
the South Kensington Museum, the l>are 
brick exterior of which, w'aiting for archi- 
tectural conqdction, had long been a 
national disgrace. The coiiqietition pnxiuced some fine 
and striking designs, some of them perhaps more so than 
the selected one by Mr Astcin Webb, whoso fine plan, how- 
ever, justified the selection. Another competition which 
excited general interest was that in 1894, for the rebuild- 
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ing on a country site of Christas Hospital Schools, also 
gained by Mr Webb (in collalx>ration with JVlr Ingress 
liell), by a design which, in its arrangement of schoolhouses 
in detached blocks (Fig. 12), but in a symmetrical groui>- 
ing, o|)ened up a new idea in public school jdanning, and 
struck a blow at the picturesque but insanitary <iuadrangle 
system. Among notable public buildings of the fM»riod 
ought to bi* mentioned Mr Norman Shaw’s New Scotland 
Yard, built in a style n(‘ither classic nor (lOthic, but ])nr- 


taking of the elements of lx)th (Figs. 13 and 11, see 
Plate); a work which has jierhaps l>een a little over-praised, 
just as it has l)een very superficially condemned, but 
which is a remarkable example of novel and picturesque 
design, though most of the details, taken separately, are 
imitative. 

In recent years there has been a groat movement or 
building town halls ; towns rather vying with each other 
in this way. Of late nearly all of these have been carried 



Fio. IP —City Bank, linfljjjste Hill (CoUcutt,) 


out in some variety of free classic. Among the more im- 
portant in point of scale, is that of Sheirield, by Mr Mount- 
ford (Fig. 15); among smaller ones, those of Oxford, by 
Mr Haro (Fig. 16), and Colchester, by Mr Belcher, are 
jiarticularly good examples of recent architecture of this 
class, the former distinguished also by an exceptionally good 
])lan. The merit of excellent planning also belongs to 
Messrs Aston Webb and Ingress Boll’s Birmingham Law 
Oourts, one of the modern terra-cotta buildings of some- 
what too ilorid detail, though picturesque as a whole. 
Among public halls the M‘Ewan Hall at Edinburgh, 
completed in 1898 from the dosign.s of Dr Rowand 
Anderson, deserves mention as one of the most original 


and most carefully designed f)f recent buildings in 
Great Britain. 

The various new buildings erected in connexion with 
the University of Oxford, those by Mr T. Q. Jackson 
es^iecially, form an important incident in modern English 
architecture. Mr Jackson has succeeded to a remarkable 
degree in designing new buildings which are in harmony 
with ^ the old architecture of the university city ; some- 
times j-ierhaps a little too imitative of it, but at any rate 
he has the credit of having added rather extensively to 
Oxford without spoiling it ; while his school buildings in 
different parts of the country have a refinement and 
domesticity of feeling which is the true note of school 
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architecture. Among buildingK of an educational class, 
the move in technical education has led to the erection of 



Ffti 20 — Houbp, Rnckinghftin G'itp. (U Blomfield.) 


a good many large polytechnic and .similar 
institutions, which in many cases have 
been 'well trejited aivhitc'cturally ; the 
Northampton Institute at Clerkenwell 
(Fig. 17), by ;Mr Mouiitford, lieing i>er- 
ha]»s one of the boldest and mo.st effeci- 
i\e of recent public buildings. In the 
builtlirig of hospitals and asylums much 
has been done, and great progress made 
lu the direction of hygienic and practi- 
cal planning and construction, but the 
tendency has been (jierhaps rightly) to- 
wards Hulking this practical efficiency 
the main consideration, and reducing 
architectural treatment to the simplest 
charactei. The 'well-known St Thomas’s 
Hosjiital, at Lambeth, exemplifies the 
treatment (tf hospital architecture at the 
commencement of our period ; the separ- 
ate pavilion system had been already 
adopted on practical grounds, but 
building is treated in a sum])tuou3 arclii- 
tectnral style, as if representing so many 
detached mansions ; a treatment which would now be 
deprecated as an expenditure foreign to the main purpose 


of the building. One recent hospiUil, however, that at 
Birmingham, by Mr Henman, combines architectural effect 
with the latest hygienic improvements, and is the first large 
hospital in Great Britain in which the system of mechaui<al 
ventilation has been completely and consistently earned out. 

In theatre building there has been an immense iiui»rove- 
ment in regard to jdanning, ventilation, and fire-prexif con- 
struction, but little to note in an architectural sense, since 
theatres in England arc never designed by eminent architects, 
the financial and practical aspects being alone considered. 

In domestic architecture tlu‘ tendency has been to quit 
picturesque irregularity for a more formal and more dignifi«*d 
treatment. Such a hoiists a.s Mr Norman Shaw’s ** Crag- 
side,” built in tlie earlier part of our j)eriod (Fig. 18), how- 
ever its pictures(]ue treatment may still be ^mired, would 
hardly be built now on a large scale ; its architect hnii.self 
has of late years shown a prefcieiico lor a symmetrical and 
rc'giilar treatmont of house architecturt», sometimes to the 
extent of making the mansion look too like a barrack. 
In street architocture, however, the tendency has been 
towards a more characteristic and more picturesque treat 
1 ment; nor is there any class of budding in which the 
improvement in Eiigli.sh architecture during the last 
quarter of a century has been morij marked and 
more unquestionable. Many of the new residential 
streets in the west end of London ])re.sent a nially 
picturesque ensemble, and many sho]is and other 
commercial street buildings have* fieeii erechid w iib 
I admirable fronts from th(‘ designs of some of tlie best 
’ architects of the day. !Mr Norman Shaw’.s iHiildiiig at 
I the corner of St James’s Street and I’all Mall was one 
of the first, and is still one of the Ixist examples of 
modern street architecture. As later examples may l>e 
cited Mr Collcutfs City Bank in Ludgate Hill (Fig. 19), 
and Mr U. Blomfield’s narrow' house-front in Buckingham 
Gato (Fig. 20). The introduction of sculiiture in stret*! 
fronts is also beginning to receive attention ; and a 
.simple hou.se -front recently erected in a London street, 
from the design of Mi Bcre.sforcl Pite (Fig 21, 
Plate), is an excellent example of the use of sculpture 
111 connexion with ordinary street architecture. It is 
significant of the increased attention ficcorded to strecjt 
architecture, that the mo.st ini])ortant architectural event 
in England at the very close of the 19th century, was 
I the outlay of £2000 by the London County Council, in 
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foes to eight architects toi designs for the front of a 
uronosed new street. 
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Turning to the Continent, we find in France, still the letid- 
ing artistic nation of the world, that the art of arcliitecture 
has been in a most flourishing and most active state during 
the last quarter of a century. It is true that 

Frmnce same variety as in 

modern English architecture, nor 
have there been tJie same discussions and 
exjKTiments in regard to the true aim and 
course of architecture which have excited 
so much interest in England ; bectiuse the 
Frencli architects, unlike the English, know 
exactly what they want. They have a 
“school” of architecture; they adheie to 
the scholastic or academic theory of archi- 
tect im* as an art founded on the study of 
classic niod(‘ls ; and on this basis their archi- 
tects njceive the most thorough training of 
any in the wca’ld. This predominance of the 
academic theory deprives their architecture, 
no doubt, of a good deal of the elcunent of 
variety and pictures! piencss ; a French archi- 
tect jnir saitf/j in fact, never attenijits the juc- 
tures(pie, unless in a country residence, and 
then the results are such that one wishes the 
attempt had not been made. But, on the 
other hand, modern French architecture at 
Its liest has a dignity and a style about it 
which no other nation at prescuit reaches, and 
v\ Inch goes far to atone for a certain degree of 
sameness and repetition in its motives; and 
living under a Government which recognizes 
the imjiortance of national architecture, and 
is willing to spend public money libemlly 
on it (with the full a])probation of its 


portant events in connexion with architecture, for even 
the temporary buildings erected for them showed an 
amount of architectural interest and originality which 




I'lu. 1!6.— Ecolo de H6decine, Paris. (Ctrniin.) 

public), the French architects have opportunities wdiith 
English ones but seldom enjoy — the predominant aim 
with a British Government being to see how little they 
c*an sjiend on a public building. The two great Paris 
exhibitions of 1889 and 1900 may lie regarded as im- 


Fio. 2S. — Sulle des CanatidPM, Hotel du Ville, 

could be met with nowhere else, 
and w^hich in each case left its 
mark behind it, though with a 
difference ; for while in the 1889 
exhibition the main object was to 
treat tempf>rary structures — iron 
and concrete and terra cotta — in an 
undisguised but artistic manner, 
in those of the 1900 exhibition 
the effort was to create an archi- 
tectural conp (.Vceil of apparently 
monumental structures of which 
the actual construction was dis- 
guised. In spito of some eccentri- 
cities, the amount of invention 
and originality shown in these 
temporary buildings was most re- 
markable ; but fortunately the 
exhibition left something more 
permanent behind it in the shape 
of the two Art -palaces and tlie 
new bridge over the Seine. The 
two palaces are triu m jdis ( )f m odern 
classic architecture; the larger one 
(by MlVt. Thomas, Lou vet, and Deglane) is to some extent 
spoiled by the apparently unavoidable glass roof ; tho 
smaller one, by M. Giniult, escapes this drawback, and, 
still more refined than its greater opposite, is one of tho 
most beautiful buildings of modem times; while the 
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architectural pylons, with their accompanying sculpture, 
which flank the entries to the bridge, are worthy of the 



Fiol 26.— Coiuiqu**, Vans. (Tternier.^ 

best period of French Tlenaissance. Thus 
much, at least, has the 1900 exhibition 
done for architecture. 

At the beginning of our jjeriod stands 
one of the most important of modern 
French buildings, the Paris Hotel do 
Ville, commenced shortly after the war, 
from the designs of AIM. Ballu and 
Deperthes, jdanned on an immenst'. scale, 
and on the stateliest and most monu* 
mental lines (Figs. 22, 23). The central 
block is, externally, a restoration of the 
old Hotel de Ville, thti remainder carried 
out in an analogous but somewhat more 
modern style. The interior has been 
the scene of sumptuous pictorial decora- 
tion, in which all the first artists of the 
day were employed — unfortunately in Uk) 
scattered a manner, and on no jjre 
dominant or consistent scheme. During 
the i>eriod one of the most characteristic 
architectural eflbrts of the French has 
consisted in th(' erection of the various 
smaller Hdtels-de- ville or Alairies, in the 
city and suburl>an districts of the cajntal ; 
as at Pan tin, Lilas, Suresnes, and in vari- 
ous arrondissements within the city ])roj)er 
(Fig 21, see Plate). Nothing shows the 
fluality of modern French architecture 
better, or perhaps more favourably, than 
this series of district town halls ; all 
have a distinctly municijial character and a 
ciTtain family resemblance of style amid 
their diversity of details; all are refined 
s])ecimens of pre-eminently civilized archi 
tecture. Among the greater architectural / *5^ 
efforts of France during the last decade 
(►r two are the immense block of the ^ 
new Sorbonne, by Ai. N6not, a building 
sufficient in itself for an architectural 
reputation; and the grciat church of the 
Sucre CoBur, overlooking Paris from the hill of Afont- 
martre, an erection of such monumental massiveness 
as we never see in modern England, which was 


in progress for many yenr^, from the designs of 
the late AI. Al>adie, and in the year 1900 was still 
untinished. In church architecture gener- 
ally France has not shone very niucli 
during the latter part of the centuiy , 
.dl her finest modern (lassie clniiehes 
date fiom behm* tin \\ar. Among smalh'i 
Freiu’h lunhlings of peculiar merit may 
be mentioimd the Alusee (hillieia, in the 
Tioc.rdeif) rjiiarier of J’aris, designed by 
M. (Jinain — a work of ])uro art in arehi- 
tecturti such as \se should nowadays look 
lor in vain ont of France; the ficole de 
Aledecim*, by the same refined areliiteet 
(Fig. 2D); and the (diajxd in line Jean 
(loujon (Guilbert), creeled as a memorial 
to thi* victims of the baziuir fir(‘, again a 
notable instance of a work of puie thought 
in architecture a new conce])tion ont ol 
old materials. The new Opera OomKpie 
(Bernier) should also be mentioiu'd (Fig 
26), the ralliei disapi)ointmg Jesuit of a 
Comi>etitu)ii vvhich excited great interest 
at the time. Street architecture lias been 
carried out of late in l*ans in a sumptu- 
ous style (Fig. 27), amIIi great steme fronts 



Fio. 27 — E'tample of Pans Stroot Aif Intrct.ure. 

I and a profusion of carved ornament, such as we know 
j nothing of in England , and though there is a rather 
I monotonous repetition of the same style and character 
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throughout the new or newly-built streetH, it is impos- 1 
sible to deny the efToct of palatial dignity they impart 
to the city. In the matter of <'ouiitry houses the Fitmch 
ardiitcct is loss fortunate ; when he attempts what he 
reg^irds as the rural jiicturesque, his gotjd taste setjms 
entirely to desert him, and the miison (k fauipagne (Fig. 
i58) is generally a mere riot of gimci-ack. 

The great military success of Gt^rmany in 1870, and 
the founding of the German empire, gave, as is usual in 


i such crises, a decided impetus to public architecture, of 
which the central and most important visible sign is 
the German Houses of Parliament, by Professor 
Wallot, whose design was select^ in a com- 
petition. There is something essentially German in the 
quality of this national bidding ; cl^ic architecture 
minus its refinement. The detail is coarse ; the finish of 
the end pavilions of the princijMil front absolutely un- 
meaning — mere architectural rodomontade ; the central 



Fjo. - Interior, Houflos of Plirlianiorit, Berlin. {Wallot,) 


cupola of glass ami iron, on a s(|uare plan, probably the 
ugliest central feature on any great building in Eurojie ; 
and yet there is undeniable power about the whole thing ; 
it is the chanicteristic pnxluct of a conquering nation not 
reticent, in its triumph. The interior of the vestibule is 
shown in Fig. 29. The new cathedral at Berlin, by 
Professor Uasehdorff, is the other most iuqiortaiit German 
work of the jieriod (Fig. ,30) ; a building very striking 
and unusual in ]»lan, but absolutely commonplace in its 
architectural detiiil ; school classic of the most ordinary 
tyj)e, without even any of those elements of originality 


which are to lx? found in the Houses of Parliament. A 
curious featiiit) in the i)lan (Fig. 31) is that the building, 
alone of any cathedral we c^in recall, has its principal 
general entrance at the side, the end entrance Insing rt‘- 
served for a special imperial cortege on s]>ecial occasions, 
the catJicdral also serving the second purix)8e of an 
imperial mausoleum. Theatre building has been carried 
on very largely in Germany, and among its productions 
the I^^ssing Theatre at Berlin (Fig. 32) (von der Hude 
and Hennickc) is a favourable example of German classic 
at its best, besides being, like most motlem German 
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theatres, very well planned (Fig. 33). Hamburg has Lad 
its new municipal buildings (Herr Qrotjan), a florid 
Konaissance building with a central tower, showing in its 
general effect and grouping a good deal of Gothic feeling. 
Mention may also bo made of the new Law Courts at 
Leipzig (Herr Hoffmann), a building with no more charm 



about it, externally, than the Berlin Parliament Houses, 
but with some good interior effects (Fig. 34). The new 
l*ost Offices in Germany have been an iini^ortant under- 
taking, and are, at all events, buildings of more mark 
than those in England. There has also been a gre.at deal 
of new develo])ment in street architecture, which shows an 
immense variety, and a constantly evident determination 
to do something striking ; but we find in it neither the 
dignity of Parisian street architecture nor the refinement 
of modern London work ; there is an element of the 
bombastic about it. 

No modern building on the European continent is monj 
rt^markable than the Brussels Law C.^ourts, built in the 
other ytio-rs of our i>eriod, from the dcsipis of 

counMea. A’^elaert, an original genius in 

architecture, wffio had the good fortune to be 
appreciated and given a free hand by his Government. 
The design is based on classic architecture, but with a 
treatment so comjdetely individual as to remove it almost 
entirely from the category of imitative or revival architec- 
ture ; somewhat fantastic it may lie, but as an original 
architectural creation it stands almost alone among 
modern public buildings. In Vienna the scholastic classic 
style has been retained with much more purity and refine- 
ment than in the German capital (Fig. 35, see Plate). 
Budapest, on the other hand, which has almost sprung 
into existence since 1875 as the rival of the Austrian 
capital, has erected a great Parliament building of florid 
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chariwter (Fig. 36, see Plate), in a style in which the 
Gothic element is prevalent, though the central feature is 
a dome. The i>hin (Fig. 37, see Plate) is oliviously ])ased 
on that of the Westminster building ; the exterior design, 
however, has the merit of clearly indicating tlu* ])osition ot 
the two Cluimbers as part of the architc<*tnral design, the 
want of which is the oiui serious defect of Barry's iiob]<* 
structure. In Italy modern architecture is at a v(*ry low 
ebb; the one great w^ork wJinh comes within our period 
has bt'en the building of the fa(;ade to the Duomo at 
Florence, from the dtvsign of the late l)e Fabns, who did 
not live to see its completion. As the coni j4et ion in 
modern times of a building of world-wide fame, it is a 
work of consideiuble intei(‘st, and, r>n the whole, not 
unworthy of its jiosition ; that it should liarmoiiize (piite 
satisfactorily with the ancient structure was hardly to lie 
cxiiccted. It was proUibly the completion of this fa(;ade 
which led the city of !Milan to start a great architectural 
competition, a few years since, for the eiedion of a new^ 
facade to its celebrated cathedral, not because the fa(;ade 
had never been comjdeted, but heiause it Lad b<*en 
spoiled and jiatched with bad 18th-century work The 
ambition was a legitimate oru', and tlie competition, oj>en 
to all the world, excited the gieat(‘st interest; but the 
young Italian architc^ct, Brentano, to whom the lirst 
premium wras aw^arded, died shortly afterw’ards, and other 
causes, partly financial, led to the postponement of the 



Fio. 84.— IntHHor ot Leipzig Latv Courts. {Hoffmann.) 


scheme, though it is understood that there is still an 
intention of carrying out Brentano’s design under 
the direction of the officml architectural department of 
the city. 

ArTilouiTiKs.- Till* literatnm of arclntcctiiro as a morlcm art is 
limited, the most nn])ortant jnihlicatioiiB of recent times being 
mainly devoted to the study ana illustration of ancient aielntecturo. 
The following, however, may bo named . — Jamks Feuuusson. 
Jfistory qf Modern Ardiiiecture (2nd edition). Loudon, John 
Murray, 1873. — T. (1. Jackson. Minimi Qothic Architecture. 
London, II. S. King, 1873.—J. T. Micklkthw aite. Modem 
Parish Churches. London, 1871. — K. U. Robson. School Archi- 
tecture. Tiondon, John Murmy, 1874.-- J. J. Stevenson. Home 
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Fig. 83.-»Plan of Lessing Theatre, Berlin. 


Fig. 82 Lessing Theatre, Berlin. (Von dor ffvde and HtmiUske.) 


Vkrein ziT Reiilin. lierlin und Seine Bautcn. Berlin, Ernst Berlin. — The Builder (weekly). London. — X{t Ctmatruetion 
und Sohn, 1896. Modeme {weekly), Paris. (h. H. S.^ 
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IL Recent AncHuEOLoaioAL Discoveries. 

Archaeological research since 1875 has not only en- 
rich^ the museums of Europe with priceless treasures, 
but, by the auloption of a mu^ more scientific system of 
excavation, has been able to complete and rectify the dis- 
coveries of earlier explorers, and to fill up the gaps in the 
history of the origin and development of the earlier archi- 
tectural styles. In two of these — viz., the Kgjrptian and 
. the Greek — ^the researches of Professor Flinders Petrie in 
Egypt, and of Dr Schliemann, Dr Dorpfeld, and Mr Homolle 
in Greece, have placed the archaeological history of architec- 
ture on a surer and better-defined basis than heretofore. 


Egyptian. 

Taking the earliest structures first, we learn from 
Professor Flinders Pfetrie^s work on 57w Pyramids and 
Tenij^es of Oizeh^ that the oldest pyramids known are those 
of Sakkara and Medum (Meidoun), and these were not only 



Fig. ofMedtimCMeidonn). 


of different construction from any of the others, but when the 
latter was completed it reached the form afterwards adopted 
in the true pyramids. The kernel of the Sakkara and Medum 
pyramids belong to the class known as mastaba tombs. The 
term mastaba (Arabic for “ bench ”) has been given to the 
sloping-sided tombs, of about 76" angle and from 10 to 20 


feet in height (Fig. 1). In their origin they are probably 
copies in stone of the crude brick dwellings of the Egyptians, 
the walls of which must be much thicker at the bottom 
than at the top, to carry the sujierincurnbcnt weight. Both 
the pyramids above named are known as cumulative or 
superposed mastabas ^ successive enlargements have 
been made to them, having been after each completion again 
enlarged by another coat of rough masonry with another 
fine polished casing outside. The pyramid of Sakkara 
was never completed, and has retained the stepped form 
which these successive casings gave to it. In the l^lcdum 
pyramid the tower-like a])pearance, at present, of the centre 
portion is due to two of the lower enlargements having 
fallen away (Fig. 2). Before the final casing the successive 
enlargements had resulted in seven steps, the outer angles of 
which were pyramidal ; the last process was to add a smooth 
casing to one slojxi from base to top. The angle tlius 
formed was about 52\ These two pyramids are the only 
ones built in this way; in all the others the full size 
was settled from the first, though a change from the 
original size seems to have been made during its construc- 
tion, in the third pyramid of Menkaura. 

From IVofessor Flinders Petrie's moasureincnts of the 
Great Pyramids, the original dimensions have now been 
a.Hcertainod exactly. The external dimensions of the 
first pyramid, that of Khufii, are 755 ft. 8 in. as tht' mean of 
the four sides, with an extreme difference of P7 of an inch. 
The height from the level of the artificial iiavcment round 
the pyramid to the aiiex was 481 ft. 4 in., and the angle of 
casing, 51*52% In the second pyramid, Kliafia, the lowest 
course was in granite, and had a vertical base 1 1 in. high, 
against which the artificial pavement was laid. The side 
dimensions were 706 ft. 3 in. as a mean, with an extreme 
difference of 5 in. The height was 47 2 ft., and the angle of 
casing 53*10". The third pyramid, Menkaura, was never 
quite completed, the mean length of the sides was 34G ft., 
the height 215 ft and the angle 51*10% The lower portion 
of this pyramid was cased with granite to about one- 
fourth up, and the rough surface of the granite casing was 
never worked offl Part of the outer casing still remains 
on the second pyramid. The casing stones were not 
simply triangular blocks filling up the angles formed by the 
receding steps, but from 7 to 10 feet in depth, so that 
their bedding must have begun at tlie bottom. 





Fia. 2.— Pyramid of Medunu 


In the course of his researches at Qizeh in 1881-82, 
Professor Flinders Petrie made a minute examination of 
the granite blocks inside the Great Pyramid, and of the 
debris in granite chips and diorite on the site of the work- 
shops of the masons who built the Pyramids, and ascertained 
that the t3rpical method of working hard stones, such as 


graaito, basalt, and diorito, was by means of bronze tools 
set with cutting points, proliably of corundum, as the 
diamond is not known in Egy[)t, and that the masons 

employed straight and circular saws and tubular drilla^ 

~ yrstili^Totains a portion of'its original casing at the top (see 
Fig. 2). 
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The pyramid of Medum, already mentioned, was built by 
Srieferu, the first king of the fourth dynasty, c. 3998-3969 
B.O. ; and on the east side Professor Petrie discovered a 
small temple attached to it, consisting of two chambers 
roofed over in stone -with two stoles and an altar between on 
the roof. Traces of otlier tomj>les Imve since been found on 
the east side of the Great I'yraniids ; and from the temple 
of the second pyramid a ctiuseway led down to the granite 
temjde, known as the temple of the Splxinx (Fig. 3), the 
earliest U»mi)lc‘ known, and, according to Professor Petrie, 
built by Khafra after the completion of his pyramid. The 
temple, thoiigli now buried, was originally a free-standing 
building on the plain at the foot of the hill. The tablet 
referring to the restoration of the Sphinx by Khufu is now 
recognized as a forgery of the twentieth dynasty. No 
mention is made of tlio Sphinx on any monument of the old 
kingdom, and Professor JV.trio places its date between the 
sixtli and the tenth dynasties. 


Of the famous Labyrinth built by Amenemhat III., 
c. 2622-2578 B.C., nothing remains but the site, about 
1000 X 800 feet — the masses of buildings described by 
Lepsius are, according to Professor Petrie, the brick houses 
of a Roman village built on the site. The Hawara pyramid 
on the north side was erected by the same king. It was 
built in crude brick and coated with a fine limestone casing 
like the other pyramids ; its dimensions are about 334 feet 
wide and 197 feet high. In the interior of this pyramid 
Profeasor Petrie discovered a pointed arch 3 feet in depth « 
and composed of three rings of bricks, which was employed 
to take oif the weight of the upi)er |)art of the pyramid from 
the roof of the tomb chamber. The Pyramid of Illahun, 
built by Usertasen TI., c. 2684-2660 b.c., to the south-east 
of, and situated about a mile from the Labyrinth, was 
partly composed of solid rock about 40 feet high, isolated 
by the cutting away of tlie rock round it. The upper 
|)ortion consisted of cross walls of stone, fitted in with crude 
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brick and cased afterwards with limestone. It was near 
this pyrdinid that l^ofessor Petrie discovered tlio towm of 
Kahun, erectt*d to house the overseers and workmen who 
built the jiyramid, and deserted by them on its completion. 
1’lie walls were all of cnide brick, and where the. rooms 
exceeded 8 or 9 feet in width columns of wood or stone 
were employed to assist in carrying the roof. The lower 
portion of a column fluted like those at Renihassan was 
found on its stone base. 

The pyramidal form given to the stone pylons of 
J^gyptian temples is now generally acknowledged to liave 
been derived from the material in which the earlier examples 
were built, viz., crude brick, the raking sides arising from the 
fact that these crude brick walls are always, for imsons 
already given, much thicker at the bottom. Even at the 
present day the pigeon -houses built on the roof of the 
modem Egyptian dwelling-houses take the same shape, and 
in the distance are often mistaken for temples. 

During 1894 and following years excavations have been 
carried out under the direction of Mr Navillo at Deir-el- 
Ikihri, the splendid temple built by Queen Hat’shepsut 


1516-1503 B.O., and by the removal of the superincumbent 
c*arth a great portion of the temple foundations have 
been exposed. In that part buried by the falling in 
of the rock above at the north-cast end, the hyjiostyle liall 
and colonnade are almost perfect. Since the plan was 
measured by Professor Bruno in 1866 and published by 
Mariette, with some incorrect alterations, the principal 
architectural discovery has been that of the great altar in 
the north-east court, the only complete example found 
in Egypt, its preservation being due to the falling in of 
the rock above. Professor Bruno’s restorations made in 
1866-67, and published by Mariette, give an excellent idea 
of the aspect of this remarkable temple, which was built on 
a series of terraces ; except that the later discoveries have 
shown the north-east corner to have been different in plan 
from the north-west corner. 

• In 1891-92 Professor Petrie excavated and uncovered the 
remains of the P&.lace of Khu-en-aten (Amen-hotep IV.) 
1383-1365 B.o,, who not only made changes in the religious 
worship of the country, but in the decoration of his palace 
departed from the conventional art of the ixjriod, and intro- 
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duced a reform therein. In the pavement and frescoes of 
the walls the subjects are selected from out-of-door life, and 
birds, insects, and water-plants are depicted with marvellous 
fidelity to nature. The temple of Luxor has also been 
cleared out under Mr Maspero, so that those portions of 
the plan which were covered over and hidden by modem 
buildings are now exposed. 

Persian, 

* Mr Marcel Dieulafoy's excavations at Susa in 1884-86 
have confirmed those made by Sir Kenneth Loftus in 1850 
as regards the three great porticoes and the A}iadana, or 
Hall of Columns of the Palace of Artaxerxes Mncmon. The 
walls enclosing the hall and flanking the jx>rticoe8, as con- 
jectured by Fergusson, no longer existed, being probably 
built in unburnt brick ; but the discovery of fragments of 
the pavement inside the hall and in the rear of the north 
and west porticoes, which stopped on the lines where 
the walls (16 feet thick) should have been found, is a 
sufficiently clear proof of their existence. The fourth or 
south side of the A|)adana opened on to a court, and 
facing the hall, on the right and left of the court, were tvro 
walls, which were decorated with the famous 
frieze of archers now in the Louvre. The 
wall liad apparently fallen down on its face, 
and thus preserved more or less intact this 
frieze, which was executed in enamel in 
bright colours on beton blocks. Farther 
to the south Mr Dieulafoy found the grand 
staircase leading to the palace similar to 
the well-known example at Persepolis, 

«‘xcopt that the walls were here decorated 
with enamelled Ixiton blocks. At Per- 
sepolis in 1891 Mr Weld Blundell ascer- 
tained, firstly, that the drain which was 
supposed to run under the site of what in 
Fergusson’s restoration ^hould be a wall 
was carried between the wall and the first 
row of columns ; secondly, that two of the 
vertical stone rain-water pijies rose above 
the imvement of the terrace, proving that 
th(iy were brought down inside the wall 
from the roof above the Hall of Columns ; 
and, thirdly, that the three porticoes were 
flanked by towers, the foundations of which were traced 
below the hard lime crust which had been mistaken for 
the solid rock, thus confirming Fergusson’s restoration, 

Greek, 

Although the excavations made byDrSchliemann in Troy, 
Mycenai, and Tiryns have in the main an archaeological 
rather than an architectural value, the discovery of the 
plan of the Palace of Tiryns has enabled Dr Dorjifeld to 
trace the origin of many of the characteristic features of 
(Ireek architecture. The propyla*a or entrance gateways 
were of the same plan as that subsiiquently develoj>ed into 
the Hexastyle porticoes of the IVopylaja at Athens and 
other sacred enclosures. In the inegaron or men’s hall of 
the palace, with its Portico -in -antis and vestibule, Dr 
Dorpfeld recognizes the model of the cella of the Greek 
Doric Temple. The researches revealed that the primitive 
construction consisted of a foundation wall about 3 feet 
in height, built in rubble masonry laid in clay mortar, and 
of such thickness as to suggest that the upper part of the 
walls was built in crude or unburnt brick. In order to 
protect the face of the antie of the Portico-in-antis, and in 
conjunction with the two columns of the portico, to carry 
the architrave, vertical jxists or planks of wood were em- 
ployed, secured by wooden dowels to a stone base. The 
two columns of the Portico-in-antis were in timber, their 
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trace being shown on the stone bases still in eitUy which 
were raised two inches above the jiavcment, a precaution 
taken to protect the base of a wooden column. This 
timber construction was afterwards copied in stone, and is 
the origin, according to Dr Dorpfeld, of the slightly jiro- 
jecting antae employed afterwards decoratively in all Greek 
temples. Further evidence of the correctness of this 
theory has been found in the temple of Hera at Olympia, 
which was excavated by the German Government in 
1876-85. Here the lower jmrt of the walls was in masonry 
of small dimensions carrying a superstructure in crude 
brick, and the antae were protected and strengthened by 
vertical jwsts of timber, traces of which were found on the 
stylobate or upper stej). Hero also, as in Tiryns, the 
doorposts of the entrance doorway were in timber. In 
the Heraion, however, that which at Tiryns constituted 
the megaron had become the cella of the tem]>le, and a 
further development had taken place by the surrounding 
of the same with a peristyle of columns to protect the e\ 
ternal wall of the cella, and probably its stucco face and 
painted decoration. The variety of profile showm in 
the stone capitals found on the site, and the fact that 


Riusanias mentions his having seen a w'ooclen column in 
the opisthodomus, have led to the conclusion that origin- 
ally all the columns of this temple were' in wood, btung 
replaced gradually by copies in stone. Their wide iriter- 
columniatiou proves also that the entablature w'as in w'ood, 
and the discovery of some of the terra-cotta tiles and 
antefixas show's tliat the wooden roof was covered with tiles. 
The probabh? date of the foundation of the temple is 
placed by Dr Dorpfeld in the 11th cent. ii.c. ; four centurie.s, 
therefore, before the eailiest stone teinjiles know'ii, vi/., 
those of Apollo and of Zeus at Syracuse. 

Tlie excavations at Olympia have laid bare the whole 
site of the Altis or sacred enclosure, and some of the 
structures of later datt* round the same. It may lie 
]K)inted out that the presiirvatioii and recovery of the 
famous statue of Hermes by Praxiteles is due to its having 
been thrown dowm by, and buried in, the clay of the crude 
brick walls of the cella; w'hen tkit liapjiKjned no one 
knows, but it is strange that so ejihemeral a material as 
uiiburnt brick should, if our dates arc correct, liave been 
preserved for thirteen or fourteen centuries. The re- 
searches of Blouet and other explorers in the earlier jmit 
of the 19th century had made know n to us tlie plan of 
tlio Temple of Zeus, which w'as Hexastyle Doric with 
thirteen columns in the flanks, and of the usual ty^x;, witli 
pronaos, epinaos, and cella. The entire clearance of all the 
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superincumbent earth has, however, revealed many other 
features in the plan which bear out Pausanias’ description. 
First, within the entrance to the colla were staircases lead- 
ing to the galleries, “ through which there is an approach 
to the image.” On the pavement were seen the traces 
of the barrier across the cel la between the second column 
on each side and of other barriers restricting the passage to 
the side aisles. In front of the pedestal which carried the 
famous chryselephantine statue of Zeus, by Phidias, were 
found the traces of the block stone paving with the raised 
margin of Parian marble to hold the oil which, according 
to Pausanias, was kept there to preserve the ivory, a pre- 
caution rendered necessary by the dampness of the Altis. 
The j)OHition of this sunk space filled with oil quite disposes 
of the hyjKcthron, and there is no doubt that in this 
teni])le the statue was lighted only through the ojKjn door. 

In the Byzantine church, outside the Altis, have been 
recognized the lower parts of the walls of the workshop of 
I'hidias, mentioned by Pausanias. It was of the same size 
as the cella of the temple. 

In order to carry out systematically the explorations 
at Delphi, begun in 1891 by the French School at 



Fiu. Coiijerturul Hnstorntion of the Bust Front of the Temple of Diana at Kphetnm, by Dr. Murray. 


Athens, it wus found necessary to exjiropriate the inliabit- 
aiits of Kastri, a small village built on the sacred en- 
closure, providing accommodation for them elsewhere. 
This, combined with the lalx)ur involved iu clearing away 
the sujxirincumbent earth and the debris of the village, 
and conveying it some distance, necessarily delayed the 
work. Here, as at Olympia, the writings of Pausanias 
luivc iKJcn of the greatest value in the nomenclature of the 
various buildings and monuments the foundations of which 
were found on either side of the sacred way. This, 
owing to the steepness of the hill, winds round at a gentle 
slope from the entrance of the sacred enclosure at the 
south-east, rising across the same to the west and returning 
to tlie foot of the steep ascent leading to the raised terrace 
on which the Temjde of Apollo was built. The excava- 
tions have exposed the whole of the peribolos or wall 
surrounding the temenos or sacred enclosure, the founda- 
tions of all the tn'iisuries and votive monuments, and the 
terrace ^Vall; the latter, carrying the platform of the temple, 
is one of the finest examples known of polygonal masonry. 
Comparatively little was found of the architectural features 
of the Temj)le of Apollo, but those of the several Treasuries 
are of importance in one case, that of the Siplmians allow- 
ing of a more or less complete coiyectural restoration. 


The Siphnian treasury is supposed to date from the end 
of the 6th cent. b.c. ; in the magnificent carving of the 
architectural ornament it may be said to rival that of the 
Erechtheum. Although built in Parian marble, it was 
richly decorated in colour, of which vivid traces still exist. 
Among other finds were the remains of four caryatid 
figures of colossal size, each with a calathos or polos on 
the head; these, according to Mr Homolle, seem to 
have supported a tribune like the caryatid portico of the 
Erechtheum, and probably served as the prototype of the 
arrephoroi of that building. Further remains have been 
found of the Sphinx of archaic character, and of the Ionic 
capital of early date which carried it, sufficient now to 
complete their restoration. The remains also of a tri- 
angular votive column were found, triangular in the sense 
that as it supported originally a tripod there were three 
caryatid figures at the top carrying the same; and the 
decorations of the column, with widely-projecting and 
finely-carved acanthus leaves, are grouped in triplets, 
which constitute the capital and b^ of the column. 
These acanthus leaves are the earliest known, and are 
certainly the most vigorous examples ever carved. 

At Epidaurus, where 
excavations were system- 
atically begun in 1881 
by the Greek Archapo- 
logical Society under Mr 
Kavvadias, the sacred 
temenos has been laid 
bare, exposing the plans 
of the stoa or colonnade 
where the patients were 
housed, of the temple of 
Asclepius (singular in 
having no cpiuaos), and 
of the famous Tholos by 
Polycloitus the Younger, 
a circular building with 
a peristyle of twenty-six 
Doric coliuiins round the 
exterior, and a circle of 
fourteen Corinthian 
columns inside, the 
capitals of these columns 
in Parian marble being 
of gimt beauty and 
among the earliest Corinthian examples known. The 
famous Theatre has also been cleared out, disi)laymg a 
circular orchestra and the foundations of a stage of late 
date, wliich, from the remains found, seem to have been 
12 feet high, with the front decorated with Ionic semi- 
detached columns, all the capitals having angle volutes 
(Fig. 4). 

The researches made since 1885 on the Acropolis 
of Athens have resulted in discoveries of more value 
to the archspologist than to the architect. The founda- 
tions of the old Temple of Athene, destroyed by Xerxes 
in 479 B.C., have been found close to the Erechtheum, 
and below the level of the same were discovered two 
stone bases considered to have supported the wooden 
pillars of the House of Erechtheus. In 1884-86 Mr F. C. 
Penrose undertook for the Dilettanti Society a series of 
investigations relative to the Olympieion or temple of Zeus 
Olympios, which proved that the temple had eight 
columns in front and rear, and not ten, as had been 
thought, owing to a misreading of Vitruvius; that the 
fifteen columns which remain belong to the edifice 
designed by Cossutius, the Eoman architect, 174 B.C., and 
that Hadrian’s share in the work was confined to the 
completion of the structure, including the new columns in 
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the cella, the original examples having been carried away 
by Sulla for the decoration of the Temple of the Capitol at 
Home. Mr Penrose arrived at his conclusions from the 
great beauty of the Corinthian capitals of the Peristyle, 
many of which he thought were of a purer tyjjo than any 
likely to have been carved during the reign of Augustus 
when the work of completion of Cossutius’s temple was 
again taken up, and still less likely to bo of Hadrian^s time. 

The main results of the late Mr Wood’s discovery of 
. the site and remains of the Temple of Diana at Ephesus 
* were mode known as far bac!k as 1876. Since then the 
remains brought to England and placed in the British 
Museum have attracted the attention of many archaic* 
legists, who have attempted to make restorations of the 
plan embodying the chief features. Amongst these, by far 
the most trustworthy and moat important has been that 
put forward by Dr Murray in a communication to the Royal ' 
Institute of British Architects in 189r). The same pajKir • 
contains drawings representing a restoration of the carved 
drum of one of the columns l>elonging to the archaic 
temple, built 560 B.C., of which Croesus contributed most 
of the cost. By a fortunate accident the lower part of 
this drum is inscribed with his name. The fragments | 
found have been sot up in the Museum, and are interest- 
ing as showing the first conception of a scheme of decor- 
ation which exists in no other Greek temple. The Ionic 
capital of this archaic temjdo was brought over by Mr 
Wood, and the oblong form of its abacus is an additional | 
proof of the theory which is now held that the Ionic ! 
capital was originally what is known as a bracket-capital, 
copied from the oblong piecje of timber placed on a pillar to 
support the wooden architrave of a portico. ; 

Returning to the later Tom])le described by Pliny, the 
two most difficult problems were — (1) whore to place the 
sejuaro sculptured pedestals, and (2) how to dispose of the • 
thirty-six “coluninre cojlatae’’ spoken of by Pliny. Dr i 
Murray solves the problem by placing the square iKjdestals ' 
(the cornices of which range with the raised platform on < 
which the tomido was built), eight at the cast and eight I 
at the west end, on a stylobate of four steps, which were 1 
carried round the whole building. On these pedestals he 
])laccs sixteen of the columnae ccelatje of the remaining 
twenty he places eight at the east and eight at the west 
end btihind those raised on the s(juare pedestals, resting 
on the stylobate of the platform ; and the remaining four 
he places in aiitse to the pronaos and e]>inac)s. The nine 
steps required to reach the platform (there wore thirteen in 
all) Dj* Murray puts between the first and second rows 
of columns of the east and west porticoes (Fig. 5). In | 
determining the plan of the temple, he arranges a vestibule ' 
beyond the jironaos, the west wall of which was found by '• 
Mr Wood. Then follow the cclla, with its double row of 
eolumns inside to assist in carrying the roof, and liehind 
it the opisthodomus and the epinaos or posticum (Fig. G). 

The excavations made by the British School at Athens 
in 1890-91 at Megalopolis have exposed the princijial 
portions of the theatre said by Pausanias to have been 
the largest in Greece, and have enabled the explorers to 
trace the plan of the Thorsilion or Assembly Hall of the 
10,000 Arcadians. The hall covered an area of 35,000 
square feet, and is remarkable for its i)lan, inasmuch as the 
•columns w'hich crowned its roof and w^hich were on three 
sides of the hall were placed so as to radiate towards the 
tribune, and thus form the least possible obstruction to 
the view from any portion of the hall. The bases of the 
columns, which alone remained in aitUy proved also by 
their levels that the floor of the assembly hall sloped 
towards the tribune. The intercolumniation of the columns 
varied from 29 to 17 feet, which shows that they carried 
wooden beams only. The columns were probably in stone, 
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but no remains of any capitals were found. In front of the 
hall was a portico of sixteen Doric columns, fourteen in 
the front and one behind each of the angle columns 
The complete excavation of the temcnos at Elcusis by 
the Archajological {Society of Athens in 1883 has solved 
the problem relative to the exact plan of the Hall of the 
Mysteries. Three successive buildings have occupied the 
site, and additions and restorations wore made to the third 
liall, designed about 420 b.c. by Ictinus, the architect of the 
Parthenon. The foundations of the third hall show that 
the building was 183 feet square, with forty-two columns 
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ranged in seven row’is of six each ; round the walls were 
rock-hewn steps for the sjHictators. The Doric portico of 
fourteen columns, twelve in front and two behind the 
angle columns, was added by Philon, the architect of the 
Arsenal of the Pirams, about 310 B.c. No architectural 
remains of the hall were found. The teinenos was entered 
through two l^opyla?a, the outer one of which was hexasty Ic 
and similar in plan to the Propylaja at Athens. 

The spmetnary of the Tem]»le of Apollo in the island 
of Delos was exiilored by the Archaiologi^al Soefety of 
Athens in 1877-83, under the direction of Mr llomollo. 
The whole site has been cleared, revealing, as at Olympia 
and Delphi, the foundations of all the tenqiles, treasuries, 
and other votive monuments. Of the tcmijle of Apollo 
sufficient was found to enable a complete conjectural 
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restoration of it. It was of the Doric order, but the 
columns were not fluted. 

In 1879-86 the German Government carried out excava- 
tions at Pergamon in Asia Minor, under the direction of 
Herr Humanii. Although of comparatively late date, for 
the principal monuments of the acropolis were only com- 
menced by Eumenes IL, 191-159 B.c., the sculpture of the 
great altar of Zeus, now in the Berlin Museum and repre- 
senting the battle of the Gods and the Giants, is of 
exceptional vigour and magnificence, and the splendour of 
the series of temples raised on successive terraces seems 
well to have merited the praise of Pliny, who calls it 
“ the most celebnited town in Asia.” The principal monu- 
ment, of which the remains wore found, was that of the 
great altar of Zeus, which was raised on a platform 93 x 90 
feet, and 20 feet high, round which at a height of 8 feet 
from the level of the terrace was carried the great frieze of 
the “gigantomachia,” 7 feet high. A wide flight of steps 
led up to the altar, which was surrounded by an Ionic 
peristyle open on the front and three sides ; on the walls 
of the court enclosing the altar was a smaller frieze. On 
a terrace beyond were the remains of the Doric temple of 
Athene Polias, with a porticus round two sides of the 
court, and beyond, the famous Library and the Temple of 
Pome and Augustus. In the side of the hill was tho 
TJieatre, with the great Terrace, terminated at the north end 
by a beautiful Ionic temple. 

Rmiian, 

The immense difference between the levels of ancient and 
modern Home, in some ciases amounting to from 65 to 70 
feet, and the extensive area of the archaeological stratum 
(at least 9 square miles), give some idea of the immense 
labour and cost of iiivestigJitions in Pome. Since 1871, 
according to Professor Ijanciani, an area of about 4 s<]uare 
miles has been turned iij), with results of the greatest 
interest and value. Foremost amongst these must lie 
placed the excavations on the J^alatiiie, which have revealed 
the plans of the greater portions of the palaces built by 
succeeding emperors. The ])latform of the hill was selected 
by Augustus first for his imperial residence. Tilieriiis, 
Caligula, and Nero added considerably to it. Tho Flavian 
emjierors united the various portions built by raising 
structures between those already erected, and rebuilt the 
House of Augustus, which had been destroyed by fire ; and 
St'ptimius Soverus added largely at the south-east angle 
of the hill. Tho excavations were begun by Napoleon 
111. in 1860, and since 1871 have been carried out by the 
Italian Government. The |)alaee begun by Vespasian 
and completed by Doniitian, being destined for state 
receptions and Ixinquets, was in some resj)ects the most 
iiiagnificcmt. The throne room was IGO feet long and 120 
feet wide, with a vault the clear s{»au of which exceeded 100 
feet. Twtilve immense columns of pavonazzetto marble 
and giallu antico assisted in carrying the vault, ai]d flanked 
tile great doorwiiys and niches; the latter, with smaller 
columns of ]>orj)hyry on the east side, held colossjil statues 
or groups, many of which now enrich various museums. 

Next in interest come tho excavations made on the line 
of the Via Sacra, which since 1882 has lH3en laid bare 
from tho Forum to the Colosseum. Many of the buildings 
on either side have always been known ; but the removal of 
the sii}»erineuml)eiit e-arth has not only exposed the bases 
of the same, but brought to light the complete ])lans, and 
in some cast's tlio architectural remains of otlier stinictures, 
such lis the Basilica Julia, the liostra on the Forum, the 
Temple of Vt'stii, the house of tho Vestal virgins, the 
Porticus Margaritaria, and the temple of Venus and Ponio 
with its surrounding Porticus, ifec. Of these the most 
interesting was tho “Ataium Vestae,” the house of the 
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Vestals, excavated in 1883-84, which has proved to be 
tho most important example of domestic architecture yet 
found, surpassing in completeness any of the Pompeian 
houses in consequence of its having a great portion of the 
upper storey preserved. According to Dr Middleton, tho 
house was evidently rebuilt by Hadrian on a much en- 
larged scale. It consisted of a large open peristyle 
measuring 200 feet by 72 feet in two storeys, with rooms 
in the rear, and at one end the tablinum covered over with 
a semicircular barrel vault. The whole house was richly * 
ornamented, the floors and walls being covered with 
Oriental marbles, of which numerous remains were found. 
Tho upper part of the walls was decorated with mosaic of 
coloured glass tesserse. Staircases were found leading to the 
upper storey, in which the bedrooms and bathrooms were 
placed ; the walls were lined with marble slabs in the lower 
]jart, and above wore painted in brilliant colours with 
panels, wreaths, and garlands. 

One of the most valuable discoveries made in Borne of 
late years is that relating to the date of the Pantheon, 
which has always been a much- contested point among 
archmologists. In consequence of serious cracks in the 
dome which had allowed the rain-water to jienetrate 
though tho vault, Mr Chedanno, Grand Prix of the 
French Academy at Borne, was allowed to make -use of the 
scaffolding which liad been erected in 1892 and examine 
the structure of the vault. On taking out some of the 
bricks he found them stamped with dates of the time of 
Hadrian. This led to a further examination of bricks in 
other parts of the building, on which in every case Hadrian 
stamps were found, the dates extending from A.i>. 115-125. 
This decided the question at once that the circular portion 
of the Pantheon was built by Hadrian. Further researches 
showed that 6 feet below the existing pavement was 
another pavement of marble which sloped from the centre 
to the circumference, lielonging, therefore, to a circular 
area exposed to rain; and outside the walls of the existing 
building, concentric with them, and on the same level as 
this pavement, was a circular wall of masonry of early 
date surrounding this ojjen area. A similar pavement was 
found under the l^ortico and, at a lower level 3 feet under 
this, was found another j)avemcnt, and a substructure in 
travertine masomy, larger and of different design. The 
results of these discoveries are considered to prove that 
— (1) tho original Temple of Agrii:)pa was rectangular; 
(2) the Portico of Agrip])a faced the south instead of the 
north (which is the asjKJct of Hadrian^s Portico) ; (3) the 
original Portico was decastyle, viz., with ten columns in 
front ; (4) the rectangular temple on plan resembled the 
temple of Concord, tho front being on tho longer side ; (5) 
not only were the columns of Agrippa’s portico used again 
by Hadrian, but also portions of the entablature and pedi- 
ment; and (6) in front of Agrijqia’s temple was an immense 
circular area surrounded by a wall. This latter suggests 
that Hadrian or his architect, having this site to build 
on, conceived the notion of covering the whole area and 
making tho building circular. 

Of the later discoveries at Pomiieii, those made in 1 894- 
95, when the House of the Veltii was excavated, are by 
far the most imiiortant. The house is comjiaratively small 
in size, but in the preservation of its jieristylo and its 
richly-decorated walls it forms the most important repre- 
sentative of its class. It differs in plan from other 
examples in having no tablinum; the atrium opened 
directly on to the jioristyle. The large room on the north 
side of tho peristyle, richly decorated with cupids and 
Psyches, may possibly have served as the drawing- or 
sitting-room of the house. 

Origin of the Pointed Arch , — The various theories put forward as 
to the origin of pointed-arch architecture and its introduction into 
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gabHoquent to tho regular employment of the pointe^arch anL 
barrel vault in the south of France for conatructioiial reasons. 
For proper consideration of the question the subject should be 
divided into two parts — (1) that which has to do with its im- 
mediate constructional object ; and (2) its constant employment 
for almost every form of amh and vault during the Middle Ages. 
The earliest exain^e of the pointed arch known is that found by 
Professor Flinders Petrie in the Pmmid of Hawara, 2622-2578 b.c. 

d in the drains of the piiW*e of 


The second was that discoveroij 
*Khor8abad built by the Assyrians c. 721 b.c. 


In 


its itrst 


appearance is in the Nilometer of the Island of Koda, a.d. 861 ; 
and after the erection of the Mc^ue of Toulon, a.d. 879, it was 
always employed. From there it was probably imported into 
Sicily which the Saracens occupied fiom 941 to 
1072. Unfortunately no example of that date 
remains ; but when the Normans conquered 
Sicily, 1072, they employed the Mahoiniiiedaii 
workmen, so that the Saracenic style lingem 
throughout the buililin^ erected in Sicily foi 
more than a century. The pointed arch, there- 
fore, was universally odoptetl in Sicily, and wc 
tiiid it in the church of S. Giovanni de* Leprosi 
outside Palermo, 1072, and in the Ponte deir 
Ammiragiio, built in 1110, the arches of the 
bridge are of two orders, the lower ring of the 
at dies being recessed slightly behind the upper 
ling. Of later buildiuj^ the church or S. 

Giovanni degli Eremiti and the Cappella Palatiiu, 
both built before 1132, and the church of Jjo, 

Martorana, completed 1143, are all built with 
pointed arches Passing now to the south of 
Fiance, in the church of St Stephen at Pdrigueux, 
the western bay, erected 1014, still preserves a 
portion of its dome aud pendentives built on 
pointed arches. The churches of Brantdme, St 
Jean de Colo, aud (khors wore all built with 
similar features before the close of the century, 
and the Catiiedral of AiigoulSme (fust hay), and 
the church of Fontevrault before 1130. It should 
ho pointed out that in the domed churches of 
J^crigord and Aiigoumois the setting out of the 
])eii(icntives and its construction in horizontal 
couises is entiiely dilfereiit from Bvzantiiie dome 
construction in the East Throughout Provence 
the churches were vaulted with pointed - barrel 
vaults, all in the 11 th century, the finest 
example being that of the church at Carcassonne, 

1090. 

in I'alestiiie, prior to the crusades, all the doois 
and window^s liad circular arche.s, the vaults only, 
lor constructional rcusons, being pointed. The 
eirliest churches built by the Crusaders in Pales- 
tine were those of Tortosa aud Bey rout, in both 
of which the naves aio covered Mith poiiit»'d- 
barrel vaults similar to that of Carcassonne, 
and probably earned out under the direction of 
the monks of Cluiiy. From 1142 onwards the 
Ciusadera introducod the dome over the crossing 
of nave and transepts, pointed arches carrying 
pendentives and dome, and the coiiatruetion 


A Kew Christian second work by M. do Vogue on the 

architecture of Central Syria, published m 1867, levealod the 
existence of a new Christian stylo of architectuie, religious and 
secular, hitherto unknown, which, though developed by the Gieek 
Christians of Palestine, is based mure dircttly on the Honiau 
remains in the country. The only paraded to ii found in Kurope 
is that which exists in Burgundy in the chuuhes of Autun and 
Langres, based similarly on Roman work ; but there is a 
difference of iivo or six centuries in date, and as tlie^e towns aud 
villages in Central Syria were deserted during the Maliomiiiedau 
invasion in the 7th century, and being in the centie of Syna 
wore never even approached by the Crusaders, tliero can never 
have been any connexion between tlic two. M. de Vogue’s 
book is not confined to Christian work. Many cat her buildings 
of Herodian aud Homan work are illustrated iti it, and 
amongst them the stone buildings of the Hauraii, which, owing 



of the latter is the same as that employed in 
Pengord, and quite different from that of the 
Byzantine dome and pendentives of the Greek churches. The 
arches of the iiavos of these churches are pointed and of two 
orders, like the bridge already referred to near Palermo ; and the 
masonry bears so close a resemblance to Sicilian work as to lead ns 
to suppose that Sicilian masons, whose language was either Greek 
or Arabic, were taken over to Palestine, as they would bo better 
able to direct the native labour of the country. The masons' 
nnirks found in the Holy Laud are either French or Italian ; 
English or German masons’ marks have not been found. There is 
a natural tendency in M. de Vogue’s work to ascrilie to French 
masons the design and erection of all the Crusaders' churches ; and 
in the more important, it is true, wo rocogiiize the genius of the 
French sculptor. The portals of the south doorway of tlio church 
of the Holy Sepulchre are identical with examples in the south of 
France (Fig. 7). On the other hand the mouldings of the west portal 
id' the Church of the Resurrection at Nabliis are of Early English 
section and associated with the dog-tooth ornament. The only 
characteiistic difference between the Crusaders’ churches and those 
iu Europe are that the former have — (1) flat roofs over the aisles 
and sometimes over the nave, which were possible in the East ; and 
(2) the exterior of the apses was occasionally polygonal, in imitation 
of those of the Greek Church. 


Pii. 7 —South Doorway of the Chiireh ol the Holy Sepulchre, JeruHttleiii 


to the absence of timbei, aro eniiiely — loofs, doors, and windows- 
built in stone. These had been visited aud described by Burekluirt, 
the Rev. J. L. Porter, ami other travellers ; hut it has only been 
from the engraved illustrations in M. de Vogue’s book that a fair 
idea has been given of their design aud remarkable coiiHtriiction. 

St MaTk\ Fvnicr. — Discoveries in the archives of Venice siiicr 
1890 have led to a revised date being given for the construc- 
tion of the five domes within the basilican chinch of St Mark’s, 
Venice, restored only by Orseolo iu 976. Tlie late Piofessor 
Cattaneo arrived at the conclusion that these domes were not 
built till 1063. It follows, therefore, that the five-domed church 
of St Front at Perigueux, which was copied from it, is not the fust 
domed chuich in France, os St Steidien’s in Pdrigneux, and otlnr 
domed churches, were huilt in the fust half of the 11th century. A 
more careful examination of the so-called Latin churcl^ which 
stands on the western side of the five-domed church at T’^rigueiix, 
has revealed features dating from the first half of the 11th century, 
so that this was tlie church burnt dowm in 1120. Moreover, the 
five-domed ohurcli is entirely iu stone, so that no such conflagration 
could have taken place as is recounted in the chronicle. From the 
fact that the bodies of the saints were not brought back till 1 171 to 
be placed in the new church of St Front, it is probable that it was 
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not commenced till 1160 ; and thU is borne out by the excellence of 
the masonry throughout, which presented a marlcod ooutrast viith 
that of St Stephen’s, built in 1014. Instead of being the first 
domed church therefore, it was the last, of any magnitude. 

The followini^ additions require to be made to the glossary given 
in the ninth edition : — 

AropHYOB— (a) the inverted cavetto or concave sweep taken by 
the lower part of the shaft in the Ionic and Corinthian orders 
before its junction with the base. (6) The hollow or scotia 
beiieatii the Doric echinus forming the junction between the 
capital and the shaft. 

Atrium — (a) the open court of a Roman house, suriuunded by a 
colonnade or partially roofed over by projecting eaves. (6) The 
court ill front of a church, surrounded by coloniia<lo8 or arcades. 
Crli.a, the sanctuary of a Greek or Roman temple, enclosed by 
walls and entered from the urouaos s= in Greek. 

Epinaos, the open vestibule uohind the naos or cells, sometimes 
called the opisthodomus, as it was occasionally enclosed with 
metal grilles and contained the profierties of the temple. 


Helix, term given to the spiral of tho Ionic volute and the 
tendrils of the Corinthian capita]. 

Opisthodomus (Greek, from 6fria9€Vf behind, and do/iot, a house), 
an enclosed chamber behind the naos and entered from the 
epinaos, employed to store the treasury of the temple. 

PoRTicus, a building with its roof supported by one or moro rows 
of columns, either in one straight line or enclosing a space 
} (Greek, orrod). 

' SrERBOiiATK, the lubstructuro of rough masonry beneath a temple. 

Styloratk, the upper of tho three steps on which the Greek temple 
stands ; generally applied to the three steps. 

Trmknos, the sacred enclosure round a temple. 

Tholos, term given to Greek circular buildings with or without d 
poristyle. 

Velarium, tho curtain or awning extended above the auditoriuui 
of the Roman theatre to protect the spectators from sun or ram. 

Xo’amon, a rude and primitive image carved in wood. 

ZoopHORUR, a continuous fnezo sculptured in relief with the 
figures of human beings and animals. (K. P. 


ArCOtf a town of British India, which gives its name 
to two districts in the Madras presidency. The town has 
now lost its manufactures and trade, and preserves only a 
few mosques and tombs as traces of its former grandeur. 

The district of North Arcot has an area of 7616 
8i|uare miles. In 1891 its population was 2,180,487, 
being 286 persons j)er sciuaro mile ; in 1901 tho popula- 
tion was 2,208,391, showing an increase of 4 |)er cent. 
The administmtive headquarters are at Chittur, but the 
largest towns are Vellore (the military station), Tirupati 
(a great religious centre), and Wallajajiet and Kalahasti 
(the two chief places of trade). The land revenue and 
rates in 1897-98 were Ils. 32,60,842, tho incidence of 
assessment being Ils. 2 ; 7 : 0 per acre ; the cultivated 
area was 828,396 acres, of which 366,245 were irrigated, 
including 49,783 from government canals; the number 
of police was 1281; the boys at school in 1896-97 
nunilx^rod 42,509, lining 26 per cent, of the male popula- 
tion of school -going age ; the registered death-rate in 
1897 was 20*2 jier thousand, 

Tho district ol South Auuot has an area of 5217 
square miles. In 1891 its population was 2,162,851, 
being 414 persons jxt square mile; in 1901 the popula- 
tion was 2,350,365, showing an increase of 9 per cent. 
The administrative licadquarters are at Cuddalore, close 
to tho site of Fort St David. The land revenue and 
rates in 1897-98 were Ils. 45,82,820, the incidence} of 
assessment being lls.2:7:9 per acre; the cultivated 
area was 1,456,961 acres, of which 470,353 were irrigated 
from tanks, &c., including 141,210 from government 
(finals ; the numlMir of police was 963 ; the boys at school 
in 1896-97 numbered 36, 164, being 22*5 per cent, of the 
male population of school-going ago ; the registered death- 
rate in 1897 was 21*2 per thousand. The principal crojis 
in both districts are rice, millet, other food grains, oil- 
.seeds, and indigo. 

Arctic OCCftlla See I'oLAR Kegioms. 

Arctic Reflrions- See Polar IIkgions. 

Arcueilp a town of France, department of Seine, 
in the arroiidissemeiit of Sceaux, and 2.* miles N.E. of 
that town, on the railway from Paris to Sceaux. It takes 
its name from a Homan aqueduct, the Ai'cus Julian 
some traces of which still remain. Two su^ierimposed 
aqueducts now supply water to Paris. Starch, vermicelli, 
bottlq capsules, patent leather, and other articles are manu- 
factured. Tliere are imjiortant quarries. Population 
(1881), 5529 ; (1891), 5863 ; (1896), 6418, (comm.)6494. 

Ardebilp or Abdabil, chief town and seat of govern- 
ment of a district, or sub-province of the province of Azor- 
bAyAn, in north-western Persia, in lat. 38* 14' N., long. 


I 48* 21' E., and at an elevation of 4500 feet. It is situated 
on the Baluk Sii (tish-river), a tributary of the Kara Sii 
(Black river), which flows northwards to tho Arras, and in a 
fertile plain bounded on tho west by the SavaUn Ddgh, a 
volcanic mountain with an altitude of 15,792 feet (Hussian 
triangulation). Ardebil has a population of about 10,000, 
a garrison of half a battalion of infantry, and post and 
telegraph offices. Its trade, principally in tho hands of 
Armenians, is still important, but is chiefly a transit 
trade between Persia and Ilussia by way of Astara, a 
port on the Caspian 30 miles N.E. of Ardebil (Dr F. Sarre, 
“Reise von Ardebil,” ikc., in FetenmamC^ MiiUilungen^ 
{September 1899). Plans and photographs of the shrine 
and mosques were taken in 1897 by Dr F. Sarre of 
Berlin. 

European anil Chinoso merchants rosideil at Ardobil in the 
Middle Ages, and fur a long time the city was a great emporium 
for Contrid Asian and Indian morehandiso, which was furwardoti 
to Europe by way of the Caucasus and tho Volga, and also vid 
Tabriz and Trebizond. Since tho 16th century, when Persia fell 
under the sway of tho Salavi dynasty, the place has been much 
frequented by pilgiiiii.s, who come to pay their devotions at tho 
shrine of Shaikh Sail, the ancestor of Shah Ismail, who was the 
founder of the dynasty, and the shrine is a richly 'endowed estab- 
lishment, with mosques and college attached. It had also a tine 
library, eontaining many rare and valuable MSS. presented by 
Shah Abbas at the beginning of tho 17th century ; hut most of 
the.se MSS. were curried off by the Knssiaiis in 1828, and are now 
in St Petersburg. Tho grand carpet, whiidi had covered tho floor 
of one of tho mosques for three centuries, was purchased by .i 
traveller some years ago for about ouo hundred ])Ound8, and was 
filially acquired by the South Kensington Museum for many 
tkousands. 

Arcl^Ch0| a department of tho S. of France, 
traversed by the Ceveiines and watered by the Hh6ne and 
its affluent tho Ardiiche. 

Area, 2145 square miles, with 31 cantons and 339 communes. The 
population doelinod to 375,472 in 1886, 363,501 in 1896, and 349,961 
in 1901. In 1899 tho births numbered 8465, of which 170 were 
illegitimate, tho deaths 8437, and the marriages 2625. Tho chief 
towns are Pnvas (7843 inhabitants in 1896), l^rgcutioro, Tournoii, 
and Annonay. lii 1896 there were 1171 primary schools, with 
61,178 pu])il.s ; 8 per cent, of the {lupulation was illiterate. The 
sui face under culiivatiun comprised 938,499 acres, or moro than 
three-fifths of the depuilment, but the plough-land made up only 
480,871 ai'ies. The vino, attaining a fair range of cultivation, 
had 36,628 acres. In 1899 the wheat crop reached tho value 
of £247,625, and the vine about a seventh more. Ardkhe is one 
of the departments m which the mulberry grows most abundantly. 
The crop of leaves amounted in 1899 to nearly 73,000 cwts., and 
sericulture has develo^ied in proportion, yielding 33,000 cwts. of 
cocoons, of the value of about £199,000. There wore 25,000 
serioulturists, and only Drome and Card have a greater number. 
The live stock in 1899 numbered 14,170 horses, 10,450 mules and 
asses, 97,760 cattle, 229,690 shrej). 102,140 pigs, and 128,580 goats. 
The mining production is inconsiderable, yielding in 1898, 50,000 
tuns of coal and 48,000 tuns of iron. The working in metals 
realized in 1898 only some 23,000 tons of iron. The principal 
industries are paper manufacture (Annonay), tanning, and weaving. 
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ARDENNES — 

ArdonnM. a department in the N.E. of France, 
'bordering on Belgium. It is covered with the wooded 
mountains of Ardennes, and traversed by the Meuse, the 
JSemoy, and the Aisne. 

Area, 2028 square miles, distributed among 31 cantons and 508 
commuiies. The population decreased I'rtmi 332,759 in 1886 to 
815,589 in 1901. Births (1899), 6523, of which 492 were ille* 
gitimiite ; deaths, 6754 ; marriages, 2487. The priiici]ml towns 
are Mezieres, which, with Charleville, has a jMpulatiou of more 
than 25,000 souls, Sedan, Bethel, Vouziers, and Rocroi. In 1896 
there were 838 schools, with 48,815 pupils. Two per cent, of the 
* population was illiterate. The total surface under cultivation 
comprised 1,224,455 acres, but the forests alone occupied 271,700 
acres, and the ploueh-land was confined to 669,870 acres. The 
climate does not allow the cultivation of the vine. In 1899 
wheat yielded a value of £748,678. Oats also gave excellent 
returns. Among the industrial cultures, beetroot is alone de- 
serving of notice, producing in 1898, 2,090,585 cwts. Tu 1899 
the live stock amounted to 47,870 horses, 109,040 cattle, 271,950 
sheep, and 49,890 pigs. There are no coal-nits in the department 
of Ardennes, but iron -mines are found between Mezi6res and 
Bethel. The valley of the Meuse produces enormous (quantities 
of slate. The working of metals (nails, bolts, machines) is highly 
developed all along the valley of the Meuse (Monthermc^, Beviii, 
Givet), yielding in 1898, 96,000 tons of cast iron and of iron, and 
46,000 tons of steel, of the value of £995,000. The produce of 
the other metals amounts to the valuo of £255,000. Sedan is 
celebrated for the making of cloth. In the production of sugar, 
Ardennes takes the eighth rank among the departments, yielcxing 
in 1898, 255,898 cwts. 

Ardff IftSSf a village in the county of Down, Ireland, 

7 miles SiS.E. of Downpatrick, with which it is now con- 
nected by a light railway. It is noted for its herring 
fisheries, the quantity caught in 1899 having l)een 15,519 
*(;wt., valued at £5744. Fo]»ulation, 554. 

Ardmore, a town of Chickasaw Nation, Indian 
Territory, U.S.A., situated on the Gulf, Colorado, and 
Santa Fd railway, at an altitude of 870 feet. Like 
other towns of this territory, it has no corporate exist- 
ence, nor are any lots owned in fee by the occufiants, with 
the exception of those lying within the right of way of 
th(5 railway. Th(» site was originally a squatteFs claim, 
and lots are held by (quit-claim deeds or leases under it. 
The population consists almost entirely of whites, the 
Indians keeping remote from the railway and large towns. 
The adjacent region is a rich farming country, producing 
cotton, grain, and cattle, with the shipping of which the 
town is mainly concerned. Population (1900), 5681. 

ArdrOSSAII, a seaport, burgh of barony, and qxilice 
burgh of Ayrshire, Scotland, 14 J miles N.N.W. of Ayr by 
water. It has stations on the Glasgow and South-Western 
and Ijanarkshire and Ayrshire railways. The dock ac- 
commodation has been greatly extended, in 1898 the 
port register contained 63 vessels of 25,129 tons ; and the 
tonnage entered was, in 1888, 2429 vessels of 247,425 
tons; 1898, 3440 vessels of 734,320 tons; cleared in 
1888, 2347 vessels of 243,398 tons, and in 1898, 3393 
vessels of 737,155 tons. Imports were valued at £66,540 
in 1888, and £463,015 in 1898; exports at £12,919 in 
1888, and £202,068 in 1898. In 1898, 477,082 tons of 
coal were exiK)rt^ and 60,351 tons of iron. One of the 
public schools is an academy. Population (1881), 4098 ; 
(1891), 5294; (1901), 5933. 

ArocIbOa — A city near the west end of the north 
coast of Porto Rico, founded in 1788. It commands the 
trade of the adjacent portions of the island, and ships 
largo quantities of sugar and coffee. Near by are the 
famous caverns of Gonsejo. The harbour is poor. Popu- 
iation (1899), 8008. 

^ ArSfldAlp or Akndal, a seaport town of Norway, co. 
Nedenas, on the S. coast, 36 miles N.E. from Christiansand. 
It possesses a relatively large commercial fleet (212 
vessels of 117,250 tons aggregate), principally engaged in 
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exporting timber (2 to 2^ million cubic feet annually to 
Great Britain), wood-pulp, sealskins, and felspar. In 1879 
Arendal ranked second (after Christiania) us a ship-owning 
port; in 1899 it had dropjHjd to the fifth j>laee. In and 
near the town are factories for wood-pulp, pap(^r, cotton, 
and joinery; and at Fevig, 8 miles to the north-east, a 
shipbuilding yard and engineering works. Population 
(1875), 4132; (1891), 4578; including suburbs (1899), 
about 10,000. 

ArWIUipftf a coast de])artment of southern IVni, 
containing seven provinces, Are(juiq)a, (’.unana, Jslay, 
Uni6n, Oaylloma, Conde.suyos, and Castilla. Its area 
occupies 21,947 S(|ua]*o miles and its ])opulatiou in 189(> 
was oflicially estimated at 229,007. The caqnta], Are<]uipa, 
has a jiopulation of 35,000, The foreign trade of the 
town is carru^d on by the port of Molleudo, distant ninety 
miles, with which it is connected by rail (107 miles) ; th(‘ 
exports are mainly sheejj's wool and alqiaca, coca leaver, 
and borate of liiiu*. 

ArOZZOp a town and ejusco]>al see of 1'uscany, capital 
of the province of Arezzo, 55 miles 8.E. from Florence, 
1 taly. The ch urch of St Franci 8(1322) contains f rescoes by 
Piero della Francesca and Sjuiuillo Arctino. Other notable 
edifices are the churches ot SS. Annunziata and Sta Maria 
della Pieve (1 1th- 14th cent.), the town hall (noyv converted 
into a jail), the ceramic Mustmm Furighini, the house in 
which Petrarch was born, the house of Vasari, and thi‘ 
munici|)al museum. There are a technical school and an 
academy of sciences, arts, and letters. Silks, gunpowder, 
qiottery, and macaroni are manufactured, and tanning ami 
jirinting are carried on. Population’ commune (1881) 
38,950, (1901) 44,350; jirovince (1881) 238,741, (1901) 
272,359. 

ArSfaOa — A town of 34,000 inhabitants, on the cast 
coast of Cebu, Philippine Lslands, in latitude 10 ’ 3' N. It 
was founded in 1608. Its products are rice, Indian corn, 
and cacao. The latter is ol superior quality and is produced 
ill large (quantities. A limited amount of cotton is rais(*(l 
and woven into cloth. The language is Ccbu-Visayaii. 

ArSfOntARp chief town of arroiidissenient, de]>a]t 
meiit of Orne, France, 27 miles N.N.W. of Alcii(;on, on 
railway from Caen to Mans. One of the two princijial 
churches contains tine yvood- carving and 16th ■ cen tiny 
glass. Manufactures include stained glass Oolitic lime- 
stone, quarried in the vicinity, is used in the construction 
of local buildings. The liistorian Mezeiay and Charlotte 
Corday w’ero born hciv. Population (1876), 4831, 
(comm.) 5365: (1896), 5070; (1901), 6291. 

ArSfOntouilp a toyvn of France, dcqiartmcnt of 
Soinc-et-Oisc, arrondisscnieiit ol Versailles, 3| miles N.W. 
of outer circle of Paris, on raihvay from Paris to Mantes. 
Asparagus and figs are cultivated in the district, and 
heavy iron goods, chemical qiroducts, and qilaster aie 
manufactured. At CIlOIX-I>lI-D^:8EltT, between Argenteuil 
and Epernay, a large tumulus was oqicncd in 1866, and 
found to contain over 200 skeletons, and a large quantity 
of arms and utensils. Pojiulation (1881), 9456; (1891), 
11,362; (1896), 13,847; (1901), 17,424. 

ArSfentlnep a city of Wyandotte county, Kansas, 
U.S.A., situated in the easteiii jiart of the state, five 
miles yvest of Kansas City, Missouri, on the south bank of 
the Kansas and just above its mouth, in 39" 04' N. lat. 
and 94” 38' W. long., at an altitude of 750 foe A Its 
streets run irregularly uq) the steeji face of the river bluffs. 
It is entered by the Atchison, Toqieka, and Santa FtJ 
railway. Its chief business is the smelting of ores of the 
qirecious metals, lead, and copqier from mines in the Rocky 
Mountains. Population (1890), 4732 ; (1900), 5878. 
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I. Okooraphy and Statistics 

T he only considerable portion of the Argentine inland 
frontier which has not been in dispute in recent years 
is that formed by the lower waters of the river Uruguay, 
Hei>aratiiJg it from the Uruguayan iiepublic and 
the southern portion of Brazil. In accordimce 
with a treaty of 1889 between the Argentine 
Republic and Brazil, and the arbitration award made by 
President Cleveland of the United Slates in 1894, the 
boundary lino leaves the ITruguay river at its confluence 
with the Pequiry, and after ascending this stream north- 
wards passes in a straight line to the source of thj San 
Antonio, which it descends to it.s confluence with the 
Iguassu, and thence to the confluence of the Iguassu and 
J^araiiA From this point the Argentine and Paraguayan 
Republics arv conterminous. The boundary, by treaty of 
flrd February 1876, follows the course of the Parand to its 
junction with the Paraguay, which it ascends as far as the 
mouth of the Pilcomayo river. Formerly the Argentine 
Republic claimed territory north of the Pilconia} o, w^hile 
the Paraguayan Republic assert(‘d that the Rermejo was 
the boundary river ; but by the treaty of 1876 and the 
arbitration award of President Hayes of the United 
States, given on Iflth November 1878, the frontier line 
ascends tin!) Pilcomayo as far as the. frontier of Bolivia. 
The Argentine-Boliviau boundary (demarcated in accord- 
ance with the treaty of 1880) starts from the jjoint 
wdiert‘ ibe Pilcomayo cuts tin* jMrallcl of 22 H. lat., and 
runs due west to the Tarija, which it descends to the 
.luntas de San Antonio, whence it ascends the Bermejo. 
Leaving this river it jiroceeds to tb(‘ (iuiaca ravine, and 
thence to a iioint on the San .luan river opposite Ksmo- 
raca. After ascending tlie San Juan, it runs U» the 
Cerro de Granados, to Lueahuasi, and to Sapalegiii on the 
Chilian frontier. The Argen Line-Chi ban frontier is still, 
for the most part, undetermined On 17th April 1896 
an agreement was signed ]>roviding for its deliiiiitatiou as I 
far south as the parallel of 52 S. lat., “the crests of the 
Andes that form the watershed” 1km iig stated as defining 
the boundary line. From 2*i to 26' 52' 15' S. lat. the 
demarcation has Ihmmi <'arried out, but in its continua- 
tion southwards disjiutos arose wdueh were referred foi 
arbitration to the British GovtM'iinient At a i»oint in 52" 
S. lat. the boundary (in accoi’daiiee with a treaty with Chile, 
made in 1881) runs eastwards till it reaches the meridian 
of 70*' W. long., and then south-eastw^ards to C>ai)e Dungt*- 
ness, at the eastern entrance of the Stiait of Magellan. 
On the opposite side of the strait, which, by the treaty, 
is neutralized and free to the ships of all nations, the 
boundary lies in tin* im*ridun of 68 'fl4'W. long, from 
(^ape Espiritu hlaiito to Beagle Channel, and then follows 
the channel to the Atlantic. The jiortiou of Tierra 
del Fuego, and some small islands, including Staten 
Island, lying to the cast of this line, belong to the 
Argentine lleiniblic ; the land and islands to the west 
and south lielong to Chile. 

Chnuite . — In tlie riparian provinces oi Buenos Ayros and Santa 
Fo th»r« aro groat areas ot almost flat land, which consists of deop, 
rich loam formed from the alluvial dtqiosits of the Rio do Ta Plata 
and tlv> Kio Parana, and winch for stock -broodiiijj and a| 5 ncultiiral 
tmrposes cannot l»e Rur])aHHed, A tomj»orato climate is not the 
least of the many advantages this section of the country can claim,, 
for an average rainfall of some 34 inches jirovides abundant 
moisture for vegetation, and the many days of bright sunshine 
ensure the ripening of the ceroal crojis. The southeni portion of 
tiie province of Cordova, closely resembling the provinces of 
Buenos Ayrt*s and Santa Fe, likewise contains large areas of arable 


laud. These throe provinces have other inmortant features. In 
the south of Buenos Ayres is the Sierra Vontana, an extensive 
mountain ran^o ; the north-east of Santa F4 contains much valu- 
able timber ; in the northorn and eastern sections of Cordova aro 
great mountainous ai-eus, the mineral wealth of which was worked 
by the early Spanish settlers. The climate of the Andean pro- 
vinces of Mendoza and San Juan is eminently suitable for the, 
cultivation of the vine. The valleys of the Andes open out at 
Mendoza into plains requiring only ini^tion to produce abundant 
vegetation ; the rivers, Bup]uied by the melting snows at the 
liigher elevations, provide the uecossaiy water, and every year the 
aroa of cultivation increases. On these plains tliere is a rainfall 
of only six inches annually, snow raroly falls, and frosts aro never 
severe. To the north of San Juan aro the provinces of La Rioja 
and Catamarca, mountainous and heavily wooded, and intersect^ 

I 



Hap of thr Araentine KRecBUO. 


writh well-watered, fertile vallevs. Betwet*n Coiflova and Tucuman 
aro gimt salim' xtUuns covereil with a w'liite alkaline cnist, which 
glitters III the sunlight like an inland sea. At Tucuman tropical 
vegetation appears, although frosts occur regularly m winter, not 
however of sufliineut seventy to prevent the growth of the sugar- 
cane. Salta and Jiguy, situated farther north amongst the 
wooded spurs of the lower Andean ranges, possess a climate 
tropical in tlie valleys, temperate on the higher plateau. To the 
north-east of Salta, and hoitleriiig on the republic of Bolivia, is 
the territory known os the Chaco, w’here the characti'Hstic features 
are dense frojiical forest intersperoed with ojwii, i)ark-like grass- 
lands. Still farther to the east, and adjoining Paraguay and 
Brazil, is the teriitoiy of the Misiones, covert with tropical 
jungle and watered by the river Uniguay, which passes in eiioj- 
mous volume over the Iguassu Falls and ultimately forms, with the 
Bio Parana, the great estuary of the river Plate. The southens 
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territories of Argentina, comprising tlie Isisin of the Bio I^cgro, 
the district of [Neuquen, and the little-known land of Patagonia, 
through which the Ohubut, Santa Cniz, and Gallegos rivers flow 
to the Atlantic, are of a very different character (see Patagonia). 
From Neuquen sonthwai-ds along the eastern slopes of the Andes 
lie valleys of groat fertility, with magnificent timber on the 
mountain sides, and a aeries of groat lakes beginning at Nahuel- 
huapi, the hoadwatom of the Rio Liniay, extends soruo fiOO miles 
towards the Stiait of Magellan. In the centre of Patagonia, 
where the stop]ie8 open out into rolling grass-land, heavy snow- 
storms and a low- teniiierature generally prevail during the 
long winter, from May to tlie end of SepteinlMn'. Near the 
* Atlantic soalioard the climate again becomes more tem|)otati‘. 
Fnim Ohubut to the Strait of Ma^llau snow' falls frequently m 
winter, but not, as a rule, in sumcient quantities to interfere 
seriously with pastoral and agricultural industry. 

JIarbours. — In spite of some natural (lisadvantages Buenos 
Ayres remains, and will probably Jong remain, the jniiieipul ]k>i 1 t>l 
Argentina, on account oi‘ the eonvimicnt and eoiiimandiiig ]M)sitioti 
it holds for the river t'lude. Kosano and Santa F^ arc centres of 
greit grain-growing districts, and large quantities of wheat aie 
aiimiariy shipped fnmi them dinvjt to Buropo. Six hundred miles 
to tlio soutli of Buenos Ayres is the port of Bahia Blanca, with a 
shipping trade which mignt be largely incivased by a coinjiarativel} 
sTuall expenditure on the harbour works. Still farther to the south, 
and only some 20 miles distant from the month of the Rio Negro, 
IS the natural harbour of San Bios. Near the Cliulmt liver is Port 
Madrin, and between that place ami the Strait of Magellan are 
harbours at the mouths of the Santa Cru/ and Oallegos rivers. 

Area awl Population . — The subjoined table shows the area and 
population of the rcjuihlic, and its provincies and ten'itoncs. 


A.IiiiinlHlrative DivlHionn. ^ i 

Pop i8ii:, 

Pop. per 
Square Mile 

Provinces. 




Ihienos Ayres . 

117,860 

1,686,022 

13 

Santa Fo . 

60,916 

397,188 

7 

1 intro Rios 

28,784 ' 

292,019 

10 

(\)inonloH 

32,679 ' 

239,618 

7 

Cru’dova . 

62,160 ' 

351,223 

6 

San Lnis . 

28.634 1 

81,460 

3 

Santiago . 

39,764 ' 

161,602 

4 

Mendoza . 

.66, .601 

116,136 

2 

San .Juan . 

33,716 

84,261 

3 

Rioja 

34,616 

69,602 

2 

Catamarca 

47,632 

90,161 

2 

Tucumaii . 

8,926 

216,742 

24 

Salta 

62,186 

118,016 

2 

Jiijm 

18,976 

49,713 

3 

Terntorics. 

Misionos 

i 

11,282 

33,163 

3 

Formosa . 

41,401 , 

4,829 


(Jhaco 

62,741 i 

10,422 


I’ampa . , 

66,320 1 

26,914 


Xeuqnon . j 

Hio Ncgio 

12,346 1 

14,517 


76,924 i 

9,241 


Cliiibnt 

93,427 I 

3,748 

... 

Santa Cruz 

109,142 

1,068 


' 'rierra del Fiiogo 

'8,298 

477 


Total 

1,113,846 

3,964,911 

3 

PoTJulation not in ceiisns . , 
Indian population 

' . . i 

1 

60,000 

30,000 


Total 

1 1 

90,000 


(band total . j 

1 

1 

4,044,911 1 



In 1869 the population was 1,830,214, showing an average annual 
increase up to 1896 of 4*98 per cent. Of the total iiopulation in 
1896, 2,088,919 were males and 1,866,992 females. The foreign 
clement numbered 1,004,627, of whom 492,636 were Italian, 
198,686 Spanish, 94,098 French, 48,650 Uniguayan, 24,726 
Brazilian, 21,788 British, 20,694 Chilian, 17,143 German, 16,047 
Russian, 14,789 Swiss, 14,662 Paraguayan, and 12,803 Austrian, 
many other nationalities being represented by smaller mimliers. 

Immigraium and JSmigration. — In the 43 years, 1867-99, 
2,664,391 immigrants entered, and 882,699 cmigranls departed 
from the ports of the republic. In the 10 years, 1880-89, the 
arnvals and departures were respectively 1,020,907 and 176,038 ; 
111 1890-99, 928,865 and 662,176. In 1899 the immigrants by 
ocean steamers numbered 84,442, and the emigrants 38,397. In 
1900 the numbers were reaiiectivoly 84,861 and 38,334. In 1900 
there wore 62,143 immigrants from Italy, 20,383 from Spain, 3160 
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fiom Fmucc, 2119 from Russia, and 2024 lioiii Austiia. In isy7, 
27,698 avaihHl themselves of the ininiigi*atiou laws with respect to 
taking up public lands, Owdng to the buying ni> of accessible land 
by corporations and speenlators the central and southern province s 
have, so far, not attiwted colonists. 

Chuf Towns . — The jiiineipal tow^ns an* .is lollows . 


Buenos Ayi’os vIOOO) 

l*OpulAtlull 

. 824,303 

(ion lent os . 

Popiilatioii 
. 16,129 

Rosario 

91,669 

Chivilooy . 

14,632 

Cuixlova 

. 47.609 

(hialogiiaycliu 

San Nicolas 

. 13,282 

Plata . 

16,110 

12,660 

Tiiciiriiaii 

. 34. .306 

C(Uicoidia . 

11,695 

Mendo/a 

28,302 

Rio (hiaito 

10,826 

Pamna 

21 098 

San .Ilian . 

10,110 

Santa Fo . 

22,244 

Barracaw al Sur 

. 10,186 

Salta . 

16,672- 


The piesenl luiiblitutioii 

ol the Al gen line 

Republic 


dait(‘8 from 25th Scptiiinbci IHOO. Tlio legi'ilative power 
IS vested in a Congress of two chambers- -the con^titu- 
Senate, composed of meml>eis (two from each non and 
jirovinco and two from the capital) elected by Oovera^ 
the provincial legislatures for a term of nine 
years, and the Cbamlxn* of Deputies, eleeted for fnui years 
by direct vote of the pi‘ople, one de]»uty for evi ry 20,000 
inhabitants. To the Chamlxji of Deputies exclusively 
btdongs the initiation of all laws ndating to the raising of 
money and the eonscriptinn of troojis. It has also the 
exelusive right to nnjieach the pri'sidcnt, viee-president, 
Cabinet ministers, and federal jurlges ]x*fore the Senate. 
The t‘xecutive power is exercised by the president, elecU^il 
by iiresidcntial electors from each jirovince chosen by 
direct vote of the people. The piesideiit and vice-president 
are voted for by siqiarate tickets. The system closely 
resembles that followed in the United States. The presi- 
dent must be a born eitizen of the Argentine llepiiblio, a 
Jioman Catholic, not under thirty years of age, and must 
have an annual income of at least $2(100. IIis term of 
office is six years, and neither he nor the vici^-piesident 
IS eligible for the next jiresidential term. All laws are 
sanctioned and promulgated by the president, who is in- 
vested with the veto ]>ower, wdiich can fxj overiuled only 
by a tw'o-thirds vote. The jiresidi nt, with the advice and 
consent of the Simate, appoints judges, diplomatic agents, 
governors of territories, and officers of the army and navy 
alx)ve the rank of colonel. All other officcis and officials 
he appoints and promotes without the consent of the 
Senate. The Cabinet is eomposed of live ministers - tJie 
heads of the (lovermiient dcjiartments of the interior ; 
foreign aflairs ; finance ; war and iiiai ine ; and justice, 
Avorsliip, and ediieation. They are aj quanted by and may 
be removed by the president. 

Provincial Got'emmenf - Thr proviiiecR, uiuki tlio oonRtitntioii, 
retain all the pow'ois not drlogutod to Iho I'Vilnal (iovornniont. 
Each province oiiaoth its own ooiiNtitution, which must bo lo 
publioiin in form and iii Iminiouv with that of tbo nation. Eaoli 
clo,ct8 its governor, logislatois and jiroviiicitil fnnrtionanea of all 
('lassos, without tho intenoiitioii ot tbo Fodoml (lovoinment. Each 
may conclude with the knowlrdgo of tlio Fodoial CongreHS such 
]Kirtial troatios as iiuiy be* iiooossaiy foi tbo adiiiiiiistiation of justioo, 
the legulation of linaiioial iiitcrosts, oi tlio ouiryiiig out of piihJio 
w'orke. ICaoh may pronioto by moans of pioteotivc laws its own 
iiuluHtnes, niav ivgulato iniiiiigration into its teiTitoncs, and deal 
w'lth sinuliir looal coononiio quostioiis. 

Ju.sfice.- .lustioe la adininiatciod by a Siipronio Federal Court ttf 
five judges and an attornoy-gonoiul, wliiob is also a oomt of appeal, 
and by a ininibor of intorioi and looal rmiits. Eaoh state baa also 
its owm judicial system. Trial by .lury is Cbtablished by the oon- 
stitutioii, but never practised. Civil and criminal oouits aio both 
comipt and dilatory. In May 1899 tho niimstor of justioo slati'fl 
in the Chamber of ‘Deputies that the macliinory of the courts in 
the oountry w'as anlicpiatod, nnw'ieldy, and inoapablo of ^lenormiiig 
its duties; that 60,000 cases weio then waiting dooision in the 
minor courts, and 10,000 in tho lodoial division ; and that a re- 
construction of tho judiciary ami tho judicial sybtem hod become 
iiooessary. In June 1899 lie sent Ins project for the roorgani/atiou 
of the legal procoduiT to Congi-ess, but no lu-tion has yet been taken 
beyond referring the Bill to a coTiiinittoo for examination and report. 
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JtiiUyioh,—T\\Q Arf^ntiiio conntitution ivcugnizcs the Roman 
Catholic I'cliffiuii as that of the state, but tolerates , all other ro- 
li^otis. The state )>ays the clergy, builds churches, Ac., controls 
all ecclesiaHtical apjMniitiuonts, and decides on the jiassing or re- 
jection <»f all flccrooH of the Holy Sec. In 1895 there wcii* 1019 
Catholic chui*cbes, or one for every 4000 inhabitants. There were 
also sixty -tMgbt Piotestant churches, three masonic halls, one 
H]iiritualists' church, and one Russian OpUkkIox church. Of the 
ProtfiStant churches twonty-tive are in the tomtory ol Chubut, 
Avhich was lui gel y colonized from Wales. In 1895 the ]>o|iulation 
was divided as follows. accoi*ding to religion : — 



i .\rg»iitiiie. 

1 I'oi 01 ) 411 . 1 

'I'otal 

Catholics 

. j 2,944,397 ! 

»76,73» 

3,921,136 , 

Piotestaiits . 

' 5,597 

ai,i58 ' 

26,755 

.lew's 

195 

rj.Hitu 

6,085 

OtlieiN . 

190 

7ir> 

1 . . . 

935 

Total 

. 1 2,9.50,379 

1,004,532 , 

3,9.54,911 ; 


Pioiii this it ap]>cai's that 991 per 1000 are Catholics, 7 per 1000 
are Protestants, and 2 i>cr 1000 are .lews, the .Tews being entirely 
of Russian origin, sent into the ropublic Hinc,e 1891 by the Jewish 
('oloiii/atiun Association. 

Jiducation.~*T\\v nimibcr of schools and colleges in 1899 was 
11884, and of ]>rofessoi*s and teachem 11,001. The number of 
]iu]>il8 under instruction was 280,930. Ol these 192,060 attended 
elementary schools, 66,399 private establishiuents, 13,313 normal 
s(diooIs, and the rimiaindcr the higher educational coui*se at the 
univoi-sitics and at the various natiniml udvatu'ed colleges. The 
national colleges arc sixteen in number, and there are normal 
schools, a school of iniiics, a college ot agiiculture, two military 
schools (one with 125 cadets, the oilier for the instnietion of iioii- 
( oiiiiiiihhioikmI olliccrs), and three naval schools (one for oflu'crs and 
two lor artihcem and iiieeliaiiics). The national univemities are at 
lliKMios A,>ies and Conlo\u, and pioviucial umveisitios are at 
liU Plata, Santa Fe, ami Parana Tlie total iiumbci under iiistnie- 
tion rejirosents only 7 per rent ol the ])Oiiulatiou, os cumyiarcd 
with 23 ]s*i cent, in the United States ana 20*3 ]K*r cent, in the 
United Kingdom. The cfwt ot education to the state in 1899 was 
extnmii'ly heavy, no less a sum tluin £1,000,000 being devoted 
nominully t<f that ])iii|M»se, an a^eiage <»t iienily £5 for each pupil 
attending the public educational institutions. 

Q'hr. Armi! The regular army, at the begiiining of 1899, con- 
Hist-c‘d of 1463 olfieers and 12,867 non cominissioncd otiicors and 
men. Til the lanks w'eie tlien serving 2157 lecruits of twenty 
years of age, dnnvii undei the eonsciiption l.iw' in eoiincxioii wuth 
the liability of Aigentine eiti/ens to he called ujion for militaiy 
SCI vice. The army rompnsed one i(>giment of engineers, two of 
mountain artilloi), six ol light artillerv, twelve of inlantry, eleven 
of eavalry, and tw'o ol Andean shai p.shootei*s. There is also tlie 
presidents eseoit On 31st Docembei 1898 tlie nuiiilK3r of iiieii 
enrolled in the National Guard, liieludiiig the entire male population 
betw'oen tlio ages of eighteen and loity-iive yeais, with eeitaiii ex- 
eojitions, was 2.33,945 on the list foi active service, 90.924 on the 
reserve list, and 13,780 on the teintorial list ; .5323 men liable U) 
KOI vice w’ore excused on special giounds. The total number of men 
the Ooveriimeiit can call to arms to as.siHt the regular troops is, 
therefore, 313,972. Under Law’ No. 3.318 all youtlis of tlio age of 
Iwenty yeais are inquired to undeigo a regulai tiainiug and to 
seiwe two yeais iii the army, if necessary. In 18JKS the nuinb«u of 
>outbs coming undei this category W’as 34,000 ; but ol these only 
12,000 underwent the aiitliorimi instruetioii of sixty days with 
the coloius, the ifmaimler not being called out from motives ot 
economy. The mam body ot the National Giiui'd is yuiradcd and 
drilled on all holidays anil Sundays, attendance being eompulsoiy 
lor two months in eveiy year until a citiyeu is twenty-live yeais of 
age. The number of lioises in seiviee in 1899 was 14,132, and ol 
mules 4169. The artillery armamenl is from Knipp. 

Thf Aarti,-~A marked iievelo])iiient has taken place in tlie navy 
since 1874, w’hen the Government onlorod from British shijJmilders 
two ironclads, foiu monitors, and two gunboats. In 1881 the 
AJmtrante lirow-n was pui chased ni England, and in 1886 the 
Patayonia and AryeiUtna weie added to the list. In 1892 the 
Jnilrjfcndencia and Librrtud wvym aeijiiiivd, then the cruiser ;?5 
Mnyo^ and the U de Juho, The feai* ol war W'itli Chile induced 
the purchase of the Jiueiws Ayres in 1896, of the Oanhaldi in 1897, 
and ol the San Mart in ^ Pu^rryedon, and General Betyrano in 1898. 
A toriK^Cu division was also ci’eated with four lirst-class sea-going 
toriK'do boats, two torpedo guiilwx’ts, and tw'eiity-oiie toryiedo 
boats. At La Plata tliero is a dock hii the use of the toryiedo 
di\ision, and on the liver Tigro a slip and workshops for miairs 
have lieen en*eled. A school-shiji, the SarinientOt has also wen 
added to the navy list. The oHicera on the list in 1899 numbered 
640 of all ranks and classes, and the potty officers and seamen 
5105. A naval ]>orl is being constnicted at Belgrano, some 27 


miles from Bahia Blanca, for the use of the meii-of-war, and thero 
will be sufficient draught of wrater at this imrt to admit the docking 
of vessels up to 12,000 tons. The estimated cost of the construction 
of the new port exceeds £1,000,000. The macLiuo guns and rifles 
now in use in the navy are all of the most recent pattern. 

Finance. — ^Tlie revenue of the republic is donved mainly from 
customs and excise, and the largest branch of expenditure is the 
service of the debt. In 1878 the revenue amounted to the equi- 
valent of £3,680,000 ; in 1881, to £4,260,000, the expenditure 
in the latter year reaching the amount of £5,670,000. Tho 
following table shows approximately the revenue and expenditure 
in 1803 and onwanls, conversions being made at the rate of $5.04 
to £1 for gold, and at the average rate of each year for paper. 
These average rat«s are shown in the last column of the table. 
For the years 1900 and 1901 the budget estimates arc given ; — 


Yesr. 

Rev en lie. 

Expenditure. 

Paper Dnllaro 
to£l. 

1893 

£ 

7,592,880 

8,493,220 

16.32 

1894 

6,995,940 

6,978,760 

17.85 

1895 

7,555,450 

8,677,140 

9,479,810 

17.50 

1896 

12,034,200 

14.86 

1897 

10,223,040 

18,672,568 

12,187,630 

14.61 

1898 

24,044,245 

12.95 

1899 

14,503,140 

15,325,230 

11.29 

1900 

12.859.000 

13.078.000 

12,996,100 

11.36 

1901 

12,975,000 

11.36 


The abnormal inere.a8e of revenue and exjiendiiure in 1898 and 
1899 was duo to tlie warlike jirojiarations made on account of the 
boundary disagrocmcnt w4th Chile. In 1900 a 10 per cent, ad- 
ditional tax, which had boon im]H)Bed on imimrts, was abolished 
to the extent of ono-half, the remaining half being mode apiJicable 
to the foi’iiiatiou of a fund for the converaion of the pajier money. 

The debt of the republic in 1889 amounted to about £24,000,000, 
and in the following year financial diificnliies arose. In 1891 
a funding loan, limited to £7,630,680, was issued, and the pro- 
ceeds W’ere applied to the service of cxtoiual loans and obliga- 
tions. In 1893 the Romero arrangement was made between tlie 
National Goveninient ami the bondholdora for the suspension of 
ainortization and the temporary reduction of intcivst. The iwy- 
ment of full interest w^as resumed in 1898. In the years 1896-99 
tiio issue of lailway guarantee rescission bonds amounting to 
£11,607,100 was authorized for the pur|K>He of settling railway 
guaranty ni aiTcars ; and in 1897-1900 the issue of bonds amount- 
ing to £20,284,600 was authorized, that aiTangomonts might be 
made between thc^ ]iiovineo8 and ninnici}mlities and their eroditoi’s. 
A considerable, amount of the public debt arose from national 
mortgage bank eedntas, for wdiicli the Government had made itself 
lesponsible. In the yeai 1900 the oiitstaiidiiig and authorized 
debt of the republic was us follows ; -- 

External debt — 

Original national loans , 

Assumed provincial, Ac 
National eednlas . 


Total external 
Internal debt — 

$6,375,000 gold ) 
98,751,300 jiajKv J 
Floating debt, Ac. — 
$23,8.52,751 gold \ 

9,012,804 jiapei / 

Paper cun eiiey, $29 1 , 326, 263 . 


£ 

45,738,70s 

31,891,6.57 

9,945,143 

87,575.508 


9,896,384 


.5,564,000 

25,600,000 


Tho total obligations of the nation —ex teiiial, internal, floating, and 
euiToncy - - tlius amount to over £128,000,000. 

According to an estimate given m the twenty-seven tli annual 
rejiort ol the Foroigii Bondholders’ Council the cost of the service 
of tho whole debt (exclusive of exiK'iises) in 1900 amounted lt> 
£6,301,419. 

The {>a]>er currency forms an iiiijKirtaiit jiart of the iutenial debt. 
By the omission of vast sums of |Mi})er money President Celmuii 
entered on the eoiii-se w hicli^ led to tho financial ruin of Argentina, 
and by further eimssioua, in reality neither more nor less than 
forced loans, subseiiuent presidents hastened the collatise. The 
assumption by tho National Govommont of the provinciiu external 
indebtedness w'as only an act of justice. Those jirovincial loans 
were contracted under the law' of 3rd November 1887, an Act more 
commonly known os tlic Free Banking Law. Tho various pro- 
vinces made loans ubriiad to the amount of £27,000,000, and de- 
mBited the sjiocio with tho National Government through the 
Cai^ de Conversion, the gold to remain intact as security for 
the value of the notes issued by the provincial banks. In ratum 
for tho ^old deiKisilcd in the Caisse de Conversion the jirovinoes 
w'ero entitled to receive internal gold bonds bearing 4jl per cent. 
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interest, the bonds remaining in the custody of the Oaisse do Con- 
Aorsion, wliioh was authorized to attend to the annual servuM}. 
Rut President Celman sold the gold specie, and the provincial 
bank notes immediately lost their value. The National Govern- 
ment lias to some extent made good the loss causod by the action 

The principal mineml deposits of the ropublio arc 
found in the provinces of San Juan, La Kioja, Mendoza, Jujuy, 
Salta, San Luis, and Catamarca. and in the territories of Santa 
Cruz, Chubut, Pampa, Neuouen, Ticrra del Fuo^o, and Uio Negro, 
the richest being that of Jiyuv. Gold and silver arc found in 
many places, but the only rich deposits now being worked are 
* in the Famatina region in La Rioja. Lead is found in some veins 
in La Rioja, Cordova, Mendoza, and San Luis. Copper has licen 
discovereef in the provinces of Sail Juan, La Riojn, Cordova, Cata- 
marca. Mendoza, Salta, and Juiuy. Most of the ore contains eon- 
siderable quantities of gold and silver. Iron, of mor quality, has 
been found in Mendoza, Cordova, I a Rioja, and San Juan, but 
there are no smelting works in the country. Coal has been 
discovered in the department of San Rafael in Mendoza, in 
Ncuquen, the Arroyo Ilalo, and San Juan in the district Morado 
Some small petroleum sprinje^ have also been discovered in the de- 
IKirtment of Anta in the province of Salta, and near the town of Oran 

Agriculture and Stock-raising, — In 1878 the {iroduclion of wheat 
was insulTicient for home consumption, the amount of maizo gi*owii 
barely covered local necessities, and the only market for live slock 
was in the saladero establishments wliere tlic moat was turned into 
jerked beef for the Brazilian and Cuban markets. But three yeais 
later the actual economic development began. In 1881 President 
iluca offered for public purchase by auction the lands in the south- 
west of the province of Buenos Ayres, the Panqia (Central, and the 
Neuquon district, these lands having been rendered habitable after 
the campaign of 1878 against the Indians. The U|)set-price was 
£80 sterling iHir square league of 6069 acres, and, as the lands wore 
(liiickly sold, an expansion of the pastoral industry immediately 
(uisued. The demand for animals for stoek -breeding jmrposes sent 
up prices, and this acted as a htiinulus to other branches of trade, 
so tiiat, as jieaco under the Roija regime secuned assured, a steady 
tlow of immigration from Italy set in. The dcvolojmient of the 
jwistoral industry of Argentina since those days has been remark- 
able. In 1878 the number of cattle was 12,000,000 ; of sheep. 
65,000,000 ; and of horses, 4,000,000 • in 1809 the niimbei's were — 
rattle, 25,000,000 ; sheep, 89,000,000 ; and horses, about 4,500,000. 
Oi igiiially the cattle weiu nearly all of the long-horned 8])anish 
lireed and of little value for their meat, except to llu* calndero 
establishments. Gradually Durham and Hereford stock were intro- 
duced to improve the native broods, with results so satisfactory 
that now licrds of thi'co-qiiartcrs bred cattle are to ]k\ found in all 
jiarts of the country. Not only has the breed of cattle been 
improved, but the system of grazing has completely altered. Vast 
areas of land (probably 8,000,000 acres) have l»een ploughed and 
sown with luconie, and inagnifieerit ])eniianent }Nisturage has been 
created here there wore coarse and lianl grasses in former days. 
Ill 1889 the first shipment of Argentine cattle, consisting altogether 
ol 1960 steers, was sent to England. Tlic results of those first 
exiieriments wore not encouraging, owing mainly to the jioor class 
ol animals, but the exporters jiorsi'vered, and the business steadily 
grew in \aluo and importance until in 1898 the nuTuber of live 
( aiile shipjied was 130,851. In 1899 the miniber fell to 103,566, 
<d which 83,864 were shipiied to Knglund, 3290 to France, and 
11,688 to Brazil. Large quantitiea of frozen meat were exjiorted 
111 1899, profitable jtrices kuiig realized. Dairy fanning is making 
lapid stndos, and the development of slieep-farniiiig lias lM*en 
lemarkablo. In 1878, 65,000,000 sheep yielded 230,000,000 pounds’ 
w eight of wool, or an average jier sheep of about SJ jioimrls. In 
the season 1899-1900 the wool exports weighed 420,000,000 ]>ound8. 
and averaged more than 5 iiouiids jjer sheep The extra weight of 
llcoco was owing to the very great improvement due to the large 
importation of rams from Kurojie and Aualraliu. The export, 
moreover, of live sheep and of frozen mutton to EiiroiM* has liecome 
an impo^int factoi in the trade of Argentina. In 1892 the 
number of live sheep slupiied for foreign ports was 40,000 ; in 1898 
the export reached a total of 619,878 ; and in 1899, 462,013. In 
1892 the frozen mutton exported was 25,500 tons, and this had 
increased in 1898 to 29,776 tons. 

The advance made in agi'icultunil industiy is also of very groat 
importance. In 1872 the cultivated area was about 1,430,000 
acres ; in 1888, 6,074,000 acres ; in 1895, 12,083,000 acres ; in 1899, 

16.055.000 acres. In 1899 the wheat exports exceeded 50,000,000 
bushels, and the maize 40,000,000 bushols. The area under wdieat 
m 1899 was 5,500,000 acres ; maize, 6,000,000 oiires ; linseed, 

200.000 acres. The farming industry is not, however, on a satis- 
ffiotory bains. No national lands in accessible districts are avail- 

® application of a homestead law, and the faitner too 

often has no interest in the land beyond the growing crojis, a 
I^reentags of the harvest being the rent chaiged by the owmer of 
the property. This system is misehievous. since, if a few consccu- 
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tive bad seasons occur, the farmer moves to some moio favouml 
s|>ot. The principal wheat and maize- producing districts lie in tin 
provinces of Santa Fe, Buenos Ayies, Cordova, and Kntro Rios, 
and the average yield of wheat throughout the countiy in 1899 
was, in round niimliers, 12 bushels to the acre. Little attention 
is paid to methods of cultivation, and the farmer has no resourw*'- 
iolielp him if the cereal crops fail. In t lie Andean provinces of 
Mendoza, Ran Juan, Catamarca, and Li Rioja vitieiilturo is widel\ 
practised, and the area of the vineyards now exceeds 150,000 aeri's 
Wine is manufactured in largi' quantifies, but the output is not 
yet sufficient to meet the home demand. In the province of 
Tiicuman the main industry is sugar-growdng and iminufaeture 
In 1899 the production of sugar was 110,000 tons, the total eon 
sumption of Argentina being estimated at 80,000 tons annuulh 
The sugar maiiufaeiurc, bowever, is a protected and boiinlj -feil 
industry. Other products are tobacco, nines, castor-oil, and triiit 
and vegetables tor cxjiort to Brazilian markets 

The pastoral and agricultiiial iiidustrics lune been hanqxu'ed h\ 
fliietiiations in the \alue of the ciirieiiey, farm piodiiets being sold 
at a if^ld value for the equivalent in ]>atMM', while labourers are paid 
111 currency. The existing system ol taxation also pnisses heavilx 
mjoii the provinces, as may he seen from the fact that theuatiouai. 
pioviucial, and municipal exaetmns together amount to £7 jicr heaii 
of ]>opalaiion, while the total value of the ex]H)rth in 1898 w’a.« onl\ 
£6 ill round niimbeis 

Manufacturrs . — Manufacturing enteipiise in Aigentina, in sjiite 
of the protection af!bi*d(‘d by a liigli tariff, does not make an\ 
substantial progress. The rt'oson j)Ut foi-waid is the laek of ccmI 
or other availaltle cheap fuel At f'oiduva a eential jKiwcr station 
for the distnbution of electiUMt\ obtained from w'atci-jMiw'cr was 
erected in 1897 ; but so far vciy little use of lliis convenience lias 
lieen made by factories. In Buenos Ay ics several r«>mj>ame.s havi 
established stations for distnbutuig clcclric fKJWci gn.rratcd b> 
steam ; but tho cost is high, and the |Kiwei has hitln'iio only liecn 
applied for lighting and foi the eh‘ctnc tramways 

Vomnirrcc — The rapid dr\elo)>meiit of tlic ioicign tiade ol the 
republic Bineo 1881 is shown in tin following table, the values of 
imjMirts and cxjxirts being given in jicuiids steiling foi the yeara 
named. In tho poiiorl 1886-90 the tiade was almoiinally inflated, 
tho average annual imports dining the h\e Nears being of the Nalue 
ot £25,919,000, and of the cx]Mn*ts £17.8UC000 


Yeui. 

, Imports 

J0xjK>rls 


£ 

i 

1881 

11,100,000 

n,. 580, 000 

1886 

19,100,000 

1 1,000,000 

1891 

13,442,000 

20,614,000 

1896 

22,433,000 

23,360,000 

1898 

21.486,000 

26,766.000 

1899 

23,:t6(),0(»0 

36,980,000 

1900 

22.697.000 ' 

:;o 920,000 


The jiriiicipal impc»rts are textiles and inw iiiateiialh. \alued 
111 1900 at £7,519,570; non and lum goods. £3, 810, 810; food 
stuirs, £2,090,670 ; glass and eartlienwaiv, t'l ,778,700 The n allies 
of the jiriiicipal gioujis of exjiorts weie — jwisloial inudiicls, 
£14,250,800; agricultural jnoducK £15,48.'i.200 ; finest piodiitts, 
£441,700; various, £701,800 Of the jwistoial jnodijcts the more 
uniwrtant cxjKirts weie — oxhides, 3,3.09,160 in niiniher; horse- 
liiaes, 120,100 in iiurnher ; shee]»-.skins, 28,200 tons ; wiml, 112,10.0 
tons; tallow, 353,880 ew’ts : foieign wcthei-s, 2 372.t>70 in niinihci 
The agi’iciiltiiml proiliice exported eomjirised 2,042,164 tons of 
wheat and 740,085 ions ol imn/e. Of the imports m 1900, 34 
per cent, in x'alue came from the United Kingdom, 14 pel rent, 
from Gennany, 13 i>ei cent fioni Italy. 12 jk*i (cnt. from the 
UiiitM RtaUis, and 9 jier cent, from Fiance Ot the exports 1.5 
jM»r cent, in value were shijiped to the United Kingdom, 13 jiei 
cent, to Gennany, 12 per cent, to France, and 11 iwr cent, to 
Belgium. More than halt the foivign trade of the lepuhlic goes 
through the jKirt of Buenos Ayies. 

Tho commcrtual communilv has been jiassiiig through a most 
difficult periofl Betw ecu 1 880 and 1890 ininiensc sums of Europeai. 
capital were invested in rad ways and other undertakings. Tin 
Mortgage Bank of the jirovince'of Buenos Ayres lent money icck- 
lessly in the form of crdit/as nominally secured on landed property, 
credit was given fiir and wide, and the import trade rapidly de- 
velojwd. In 1890 a financial ensis came, credit contracted, the 
value of property depreciated, and imjiorts decreased The con 
stant fluetiialions in the value of the eurreiicy were also anoidvorw* 
faelor. But recent cornmcreial statislies indicate ih.it the xolumc 
of tiude is once more increasing. Credit is now sounder than for 
several years, and shows signs of further improvement. Many 
of the larger retailers now import their wares diract from Euro|x*, 
and thus save the intermediate eoinmission charges. Prasent diffi- 
culties arise mainly from tlie appraciation of the cuneiicy and 
recent additions to taxation. In (‘oiisequenco of these two factors 
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tha cxpCDHOH of a trading untabliHlinninL ai’o nonv, with a pi'emium 
on gold of only 127 per cent., greater than they were when the 
proniium Htood at 200 jicr cent. 

Shipping and Navigation . — The Hhiptnug under the Argentine 
flag in 1898 conRistud of lilO sailing shipR of a total tonnage of 
118,894 tuns and 222 HteaiiiRhips of 26,222 tons. The Hhipping 
entered at Argentine ports in the fomgii trade in 1891 had a total 
tonnage of r»,27r>,091 ; m 1896, 7,115,467 ; in 1897, 6,185,062 ; in 
1898, 6,555,128; lu 1899, 6,929,567. 

Rnilways . — Tlie rapid dovelopinont of the railway syRtem iH 
indicated by tlie following figures, whiidi show the length of line 
ojwn in vaiions vivire fioiii ]8 h0 . 


Yi-ur. 

MilcHOjiPii. i| 

Year 

1 Miles open j 

1SS0 

, 1,125 II 

1895 

1 8,887 ' 

1 SH5 

2,820 

1898 

! 9.885 , 

1890 

1 5,745 r 

1899 

1 10,285 j 


The Irans-Andean line is njien to Santa Rosa, but 16 miles are 
letniired to unite the Argentine and (Unliaii HectioiiH. 

Ill 1900 the capital invested in the railways uinounted to 
X105,222,221, of wliich £10,991,750 oorresponded with the state 
lines, and the remainder with the private lines. In the courae 
of 1900 the railways carried 17,898,961 pasHengers and 12,719,297 
tons of goods, the average working expenses of all the hues m 
oiMMation being (1898) 62 ])or cent, of the gross receipts. 

In L‘oiise(|uence of tin* action of competing unuertaking<>. the 
<ioinpaiiicH, without any National Oovemnieut guarantoo on the 
ijajntal they einployeil, were comtielled to extend their works, and 
exjiansion was oniy checked when the financial ctisis of 1890 
destroyed lor a time the credit of Argentina in the money markets 
of Kuro|)e. Tlio conce-sHiouR granted during the tenuin of office of 
PicsideiiL Iloca from 1880 to 1886 had the spneiiic object of uniting 
outlying districts with the capital, and could be justified on political 
as well as econoiiiiu graunds. Those issued broadcast by President 
Oelmaii had no such raison d'ftrt* and weio simply political jobs, 
which brought the guaranteed railway system into disrepute. 

Tramioays. In 1895 there were in o^ieration 460 miles of tram* 
ways, 26 miles in construction and 22 miles jirojected. These lines 
hail a capital of $81,000,000 pa])er, and in 1894 carried 88,206,866 
iMissengeis lii 1895 there were 179 stage-coach coin|»anies travel* 
ling over 11,910 miles of road. 

TrJeyraphs. -In 1896 the Argentine llepublic had 25,245 milefi 
of telegraph lines and 1227 ofliccs. The national telegraph lines 
liiid a length of 11,022 miles uith 28,572 miles of wiic ; the rail- 
way lines, 7070 miles with 18,717 miles of wire ; oompames’ lines, 
4428 miles witli 7462 miles of wire, other lines, 2824 milos with 
9809 miles of uire. The despatches sent Timnhered 4,952,887. 

A)v/.s. The Aigentine Rcjiuhhc joined the Postal Union in 
1878. In four years the national ])Ost offices liaiidled mail pieces 
to the iullowiiig iiumhera : -In 1894, 127,564,667 pieces; 1895, 
112,126,210; 1896, 177,611,001 ; 1897. 190,506,860. In 1897 the 
internal eonesjioiidoiiee uinounted to 167,624,282 letters and papers, 
and the foreign to 22,872,187. In 1897 there >vero 1716 post 
offices. The ivveiiiie derived from the jxist offices, including the 
telegraphs, in 1897 was $15,257,966 ; the exjienditures, $20,247,290. 

Credit -lly law' of 16th Oetohor 1891 the old National Rank 
was ])laee(l iii lupiidation, and the Raiieo do la Naeioii Argentina 
Avas opened AVitliin the leiniblie theie are many other banks, 
iioth state and ]n*ivttte. The National and Provincial ITvpotheearv 
Ranks, in the spendthrift period between 1886 and 1890, cveri'iseil 
a disastrous mlluenee on Armuitiiie eiHsht. The fuiidainental 
jirinciple of these iiiortg<ige baiiKs was sound eiiougb, the idea being 
that the bonds issued {cedillas) should be a first charge on real 
estate of approved value, and that thoir face value should not 
lepreseiit moiv than 75 per emit, of the appwved value of the 
property. Rnt iii the ‘•hoom”of 1887-89 cerfw/rts wore issued ou 
the nominal value of proiierly and thixiugli political inflnence, so 
that many millions of dollars w'd-e obtained on waste and woithless 
lands. When the true eondilioii of affairs came to light it was 
found that ceti ill as nmoixwUiM^ to some $400,000,000 had been issued 
by the Provincial IIy)>otheeary Rank, and to about $120,000,000 
by the National Rank In the ease of tho Provincial Rank the 
Hoeurily of the lands mortg.iged was found to represent only about 
10 jier cent, of the nominal value of tho eedulas iHsuod. The 
guarantee of the Provincial (Joverimiont liad been attached to 
those hoiitls, but the piovince was In a bankrupt condition. Un- 
fortuiiatijjlv, till- /vv/uAiv hid been largely bought in Kunipe under 
the irnpiusbion that they weie secured upon valuable real estate. 
When thoir price fell, nearly all landowiierR in possossioii of valu- 
able properties and owing money to tho bank at once bought up 
1 he bonuH at depiixiiated values and oancollod their IndobMiioss. 
The bank was, tnorefora, left with only the moHgages that wore 
worthlesR, and practically tho $250,000,000 of eediUoH now out- 
standing in Kurope and Argentina ara without intrinsic value. By 


careful management the affairs of tho National Hypotheci^ Bank 
wore braught to a fairly sound financial condition, but this was in 
great part owing to the fact that the charter of tho bank praoiioally 
confined all mortgages to the municipality of Buenos Ayres, where 
projxsrtv has steadi^ risen in value for some years past. 

The development of the rcsourcos of Aigentina is effected largely 
by moans of foreign capital. In a consular report of July 1900, 
the foreign capital invested in undertakings within the country is 
estimated at £122,865,000, of which £119,018,000 is for railways 
and tramways, and tho interest annually paid to capitalists out- 
side the republic is put at about £4,900,000. 

The iiajier money in circulation on 31 st Dooember 1809 
amounted to $291,226,000, or about £25,600,000, gold being at a 
premium of 127 per cent. On 4th November of that year a law 
, was passed for the conversion of the jiaper currency into gold 
, dollars at tho rate of 44 cents gold iier paper dollar, provision 
' being made for the formation of a conversion fund. In April 
1900 the fund amounted to $2,200,000 gold, or £640,000. It is 
anticipatofi that five years must elapse before the fund can reach 
an amount sufiiciont for an attempt to carry out the conversion. 

The metric system has been nominally compulsory since 1887, 
but the old Argentine Rystcni is not yet aWidoiiod. 
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TI. Recent History. 

The history of Argentina since the time of its 
emanci})ation from Siwiiii is a confused, wearisome story 
of political intrigues, party stniggles, civil wars, and 
military revolutions. In 1875 tho temjmrary lull 
led many people to believe tliat the i)eriod of civil 
strife was at an end and that no new revolutionary 
movements would lie attempted for a long time to come. 
These sanguine expectations were not destined to be 
realized. During the presidency of Dr Avellancda, who 
had succeeded Sarmiento in the office of chief magis- 
trate, political feeling in the city and province of Buenos 
Ayres began to show unmistakable signs of forcing to an 
issue the question as to what position Buenos Ayres waa 
to hold for the future in regard to the remaining provinces 
of the confederation. Before retiring from office, the 
President endeavoured to secure the election of (General 
Julio Roca as his successor, and on this point hinged the 
principal political events of 1879, leading to the civil war 
of 1880, by which the power of Buenos Ayres was crushed. 
When, in 1879, the people of Buenos Ayres iierceived that 
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the decentralization party had determined to leave no 
stone unturned to secure the election of General Hoca, 
and so make sure that the provinces became the dominant 
element in the political situation, an agitation was im- 
mediately set on foot. Mass meetings were held and a 
committee was appointed for the puriwso of considering 
what action should be taken to defeat the ambitious 
designs of the provincials. Under the direction of this com- 
mittee, the association knowm as the “ Tiro Njicional ” was 
formed, with the avowed object of training the able-bodied 
citizens of Buenos Ayres in military exercises and creating 
a volunteer army, ready for service, if called u]3on, to 
resist by force the pretensions of their opponents. The 
establishment of the Tiro Nacional was enthusiastically 
received by all classes in Buenos Ayres, the men turning 
out regularly to drill and the women aiding the movement 
by collecting subscriptions for the jiurjiosc of armament 
and other necessaries. On the 13th (jf February, 18H0, 
the Minister of War, Dr Pellegrini, summonc‘d the princi- 
pal military officers connected with the Tiro Nacional, and 
warned them tliat as officers of the national army they 
owed oliedieiice to the National Government and w^ould be 
severely punished if concerned in any rcvolutioimry out- 
break directed against the constituted autliorities. The 
ri'ply to this threat was the immediate resignation from the 
army of all the officers connected with the Tiro Nacional. 
Two days later, the National Government occupied with a 
strong force of infantry and artillery the parade ground 
at Palermo used by the Buenos Ayres volunteers for drill 
purposes. A great meeting of the citizens was then called 
and marched through the streets. President Avellaneda, 
tiiidiiig his position insecure, made a compromise and 
ordered the tnxips to be withdrawn. Negotiations were 
now (jpenod between the National Government and the pro- 
vincial authorities for the disarmament of the city and 
jirovince of Buenos Ayres, but without result. Matters 
Ix^came still further strained on account of outrages 
committed by the national troops, and the gradual 
develoiiment of the situation brought about such violent 
bitterness of feeling between the two factions tliat an 
ajjjiejil to arms became inevitable. 

Ill the month of March, 1 880, l*resident Avellaneda and 
his Ministers left Buenos Ayres, and this act was con- 
sidered tantamount to a declaratiou of war. The National 
Government and the twelve provinces, forming the Cordova 
Jjcague, were on one side ; the province and city of Buenos 
Ayr»^s and the province of Corrientes on the other. The 
National Government troops were well armed with 
liemington rifles, provided with abundant ammunition, 
eiiuipixid with artillery, and supported by the fleet. In 
the city and province of Buenos Ayres plenty of volunteers 
oftered their services, and an army of some 30,000 men 
was quickly raised, hut they were armed with old- 
fashioned weapons and there was only a limited supjily 
of ammunition. Feverish attempts were made to remedy 
the lack of warlike stores, but difficulty was exjierieneed 
on account of the fleet blockading the entrance to the 
river. After several skirmishes, the contending armies 
met in force on the 20th of July, 1880, in the outskirts of 
Buenos Ayres, General Boca commanding the national 
troops. Two days’ fighting took place, and the Buenos 
Ayres forces were finally outmatched at all points. On 
the 23rd of July the surrender of the city was demanded 
and obtained. The terms of the surrender were that all 
the principal men of the revolution should be removed 
from positions of authority, all Government employes im- 
plicated in the movement dismissed, and the forces in the 
province and city of Buenos Ayres at once disarmed and 
disbanded. The power of Buenos Ayres was thus com- 
pletely broken and at the mercy of the Cordova League, 


represented by their favourite candidate for the presidency, 
General Julio Boca. Buenos Ayres was no longer in a 
position to take any active part in the nomination of a 
successor to President Avellaneda, and the othoial candi- 
date, General Boca, was declared to Im! duly elected witliout 
op|K>8ition. He assumed office in October, 1880. Hitherto, 
General Boca had been regarded only m his capacity of a 
soldier, and not from the point of view of an administrator. 
In the campaign against the Indians in the .south west of 
the province* of Buenos A>res and the valley of the 
Bio Negro and the Neiiqiieii di.striet, he Lad gainc'd much 
]>r(i8tige ; the victory over the for(*es at Buenos Ayres 
added to his fame, and secured his authority in the out- 
lying provincial centres. One ol the first most notahli* 
acts of the Boca Administration was to declare the city 
Buenos A>res the projierty of the National Government, 
and no longer under the control of the jirovincial authori- 
ties. Some com]Kmsatioii was grantetl to the province in 
consideration of this change, hut nothing that v\*as given 
could adequately re]»reserit the ])olitical loss vvhieJi it 
sufficed. A further Iflovv dealt at it> supremacy in 
188t, when the town of La Plata was declared tf) Ih' the 
provincial capital, and the Provincial Government was 
moved to that jdaee. 

Considering the circumstances in which (leneral Boca 
assumed office, it must he admitted that he sin ►wed gieat 
moderation, and that on the whole his administration was 
fairly successful. Public aflairs were conducted ((uietly so 
far os the National Government was concerned, and the 
influence and prestige of Boca throughout the* provinces 
acted as a deterrent to jmnumnaiuii^vfoa and outhr(‘aks 
against the provincial authorities. The danger of these 
internal dissensions was ]»erinanently lessened, though by 
no means entirely removed, by the extension of railw’ays. 
Unfortunately, the last two years of Boca’s administra- 
tion were characterized by tw^o grave errors, vnIiuL subse- 
quently caused wides]»read suffering and distress thrriughout 
the country. The first of these inistakes was a measure 
making the currency inconvertible, which was adopted 
without any consideration as to its effect on the national 
credit. The second was the nomination of Dr Miguel 
Juarez Celmaii for the presidential term coiiimeneing 
in Octolxir, 188G. 3'lie nominatifm was brought about 
by the Cordova eli(|uc, and B(»ea lacked the moral 
courage to oj)pose the derision of tliis group, though he 
w^as well aware that CVlmaii, wlio wm his brother-in-law, 
was neither iiitelleetually nor morally fitted for the j)Ost 
No sooner had 1 ’resident Juarez (V liiiun eoine into power, 
towards the close of 188G, than tlie resjiectahle portion of 
the community lx.‘gan to feel alarmed at the methods 
practised by the new' jaesidciit in his conduct of public 
affairs. At first it w^as hoped that tlie influence of General 
Boca w^ould serve to check any serious ^xt^a^ aganccs on 
the part of Celmaii. This lioiw*, however, was doomed to 
disappointment, and before many months had elapsed it 
was clear that the President would listen to no j)rudent 
counsels from Boea or any one else. The njen of the old 
Cordova Leaguii became dominant in all branches of the 
Government, and carpet-bagging politicians occuj»ied every 
official ])ost. Tn their hurry to obtain wealth, this crow'd of 
office-mongers from the jjrovinces lent themselves to all 
kinds of b^ilH^^v and eorruption. The ]niblic credit was 
pledged at home and abroad to fill the j)oekc'ts of the 
adventurers, and the wildest excesses were committed under 
the guise of administrative acts. What follov^f'd in the 
second and third years of the Celmaii Administration can 
only adequately be described as a debauchery of the 
national honour, of the national resources, of the rights of 
Argentines as citizens of the Republic. Buenos Ayres was 
still prostrate under the crushing blow of the misfortune.^ 
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of 1 880, and lacked the strength and jwwer of organization J merely a polituma, with no ^nuine stotesi^ike qu^ties. 
necessary to raise any effective protest against the proceed- The new Government made no attempt to initiate a. 
ings of Celman and his friends when the true character of strong policy of reform in administration or flimnw; it 
these proceedings was first understood. The conduct of became a Government of e^iedient^ drifting heipiessJy on 
public affairs, however, at length became so scandalous a sea of financial troubles, and seeUng merely to prevent 

. 1 ..^ . ..1 — 1 serious fiolitical disturbances. This unsatisfactory state of 

affairs aroused the hostility of the lladical wing of the 
Union Civica, and Dr Alem preached far and wide the 
doctrine of opposition to the Government and the necessity 
of reform in the methods of administering the country. 
The more conservative section of the Union Civica refused 
to join in this opix)8ition movement, and Dr Alem was 
arrested and exil^. 

In 1892, Pellegrini’s term of office expired and a suc- 
cessor had to be chosen. General Bartolome Mitre was 
proposed by the Buenos Ayres faction as their candidate. 
He had been absent from Argentina on a journey to 
Eurojxj, and it was on his return in April, 1891, when 
a popular reception was given to him at which 50,000 
persons attended, that he had formally rifccepted the 
candidacy for the presidential office. His partisans found 
themselves confronted by a compact provincial ]mrty who 
proposed to put forward General lioca, or, failing his 
acceptance, some other representative to oppose the Buenos 
Ayres candidate. There was no doubt that if both sides 
persisted in the struggle on the lines indicated a civil war 
must inevitably result. General Mitre disai)provcd of any 
measures likely to involve bloodshed and sought to 
effect a compromise. A meeting between him and General 
lioca resulted in an acuerdoy by which the two generals 
agreed to support a neutral candidate having no direct 
connexion with either of the political parties. The final 
selection for the candidacy fell U}>on Dr Saenz Pena, a Judgo 
of the Supreme Court, aiid a man universally resjKJcted, who 
had never taken part in political life. In May, 1892, the 
presidential elections were held ; Dr Saenz I’ena was 
declared duly elected, and Senor Uriburu, then Argentine 
Minister in Chile, was chosen as Vice-President. 

The idea of President Hoenz Pena was to conduct the 
government on common-sense and business-like lines. 
He had no political training, no politic»l i)arty in Congress 
to support him ; he was simply a straightforward, honour- 
able man trying to do his duty in a position which hod been 
forced upon him, and was in no sense of the word of his 
own seeking. No sooner was he installed in office than 
difficulties began to crop up on all sides, and he quickly 
discovered that no help could l)e ex^Hseted from the two 
political factions which had brought him into power to suit 
their own convenience. To govern without a majority in 
Congress was a ])ractical impossibility, and before twelve 
months of the presidential term had run public affairs had 
drifted to a deaillock. This was the opportunity of Dr 
Alem, the Eadical leader of the Union Civica, and he 
was not slow to profit by the occasion. Embittered by 
his treatment in 1892, he o|ieii]y preached the advisa- 
bility of an armed rising and the overthrow of the existing 
Administration. The unscruimlous acts of corru])tiou on 
the part of Dr Julio Costa, then Governor of the province 
of Buenos Ayres, strengthened the movement. A number 
of officers of the naval and military forces agreed to lend 
assistance to the revolutionary outbreak, and towards the 
end of July, 1893, matters came to a head. The popula- 
tion of the province of Buenos Ayres assembled in armed 
bodies with the avowed intention of turning the Governor 
out of office and electing in his stead a man \vho would 
give them a just Administration. At the commencement 
of the movement. Governor Costa imagined himself strong 
enough to hold his own with the aid of his police 
and several battalions of provincial troops quartered 
at La Plata ; but as the insurrection spread ho 


that action on the part of the more sober-minded and more 
conservative sections was seen to be absolutely imperative 
if the country was to be saved from sjKJcdy and certain 
ruin. In 1889, the association of the “Union Civica” 
was founded, and the organization undertaken by Dr 
Leandro Alem, Dr Aristobulo del Valle, Dr Vicente Lopez, 
Dr Lucio Lopez, and other leading citizens. Mass meet- 
ings were held in Buenos Ayres, and Dr del Valle, a most 
able orator, clearly explained the terrible danger threaten- 
ing the llopublic in consequence of the irresponsible and 
corrupt character of the Administration. Subsidiary clubs 
affiliated to the central association were formed throughout 
the length and breadth of the country, and millions of 
]eafi(‘tK and pamphlets were distribute broadcast to 
explain the im]>ortance of the movement. President 
Celman underrated the strength of the new opposition and 
n»lied upon his armed forces ])romptly to supjjress any 
sign of open hostility. No change was made in official 
methods, and the condition of affairs drifted from bad to 
worse until the temper of the iieople, so long and so sorely 
tried, showed plainly that the situation had Ixicome in- 
sufferable. The Union Civica then decided to make a 
l»old bid for freedom by attempting forcibly to eject 
Celman and his clupic from office. 

On the night of the 26th of July, 1890, the Union 
Civica called its members to arms. Jt was joined by 
some regiments of the regular army, and received the 
support of the fleet. Btirricades were thrown u]> in the 
princi[)al streets, and the surrounding houses wen' occupied 
by the insurgents. Two days of desultory street fighting 
ensued, during which the fleet Imgan to boml)ard the city, 
but was compelled to desist by the interference of foreign 
men-of-war, on the ground that the boml)ardment was 
causing unnecessary damage to the life and property of 
non-combatants. A suspension of hostilities then took 
jjlace and negotiations were oj»enod between the contending 
parties. Celman, acting under the advice of General 
Uoc*a, who rccijgnizod tlio strength of public ojnnion in the 
outbreak and foresaw a more powerful movement looming 
in the distance, placed his resignation in the hands of 
congress on the 31st of July. A scene of immense enthusi- 
asm followed, and Buenos Ayres was en /He for the 
following three days. Vice-President Carlos Pellegrini 
succeeded to the office vacated by Juarez (yelman and to 
the administrative confusion resulting from the iniquitous 
methods of conducting public affairs during the ])revious 
four years. 

Great exjwctations were formed of the ability of 
President Pellegrini to establish a sound Administration 
and to introduce a system of government ensuring the 
peace and progress of the Republic. General llo(ia 
tendered his services for the duties of Minister of tlie 
Interior, and his influence in the j)rovinces was of very 
great assistance to the national authorities. Dr Vicente 
Lopez undertook the post of Minister of Pinance, an onerous 
task in view of the financial complications resulting from 
the i)reviou8 reckless extravagance. In short, all the most 
respectable elements in the country showed willingness to 
co-operate in the restoration of a normal condition of 
affairs anU the establishment of political order, but the 
result did not come up to public expectation. Pellegrini 
jiroved a failure. Of great natural intelligence, and with 
the advantages of a sound education at Harrow, combined 
with much charm of manner and widespread personal 
]K)pularity, he showed himself during his term of office 
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Appealed for aid to the National Government. Pk'esident 
.Saenz Peila professed to doubt his authority to interfere 
in provincial affairs, and deliberated for many days before 
he took action in the matter. Eventually, the interven- 
tion of the National Government was decided upon, and 
troops were despatched to the scene of the disturbance; but 
there was no serious fighting. Negotiations were soon 
opened, and resulted in the resignation of Governor Costa 
and the dispersal of the armed insurrectionary forces. 

While these political disturbances were in progress in 
lluenos Ayres, another revolutionary rising took place in 
the province of Santa Fe. Dr Alern, preaching his gospel 
•of a reform of the national Administration, induced a 
number of his co-religioiiists of the Union Civic*a to take 
up arms. Several military and naval officers joined the 
movement, and a gunboat and one or two torjiedo boats 
were seized by the insurgents. The scene of the insurrec- 
tion was the vicinity of Rosario, and this city was in 
possession of the insurgents for a few days. After a few 
skirmishes, the revolt was sup];>reHsed by the national 
authorities in September, 1893, and Dr Alem and the 
other conspirators were captured. He and his civilian 
friends were sentenced to banishment to Staton Island 
during the pleasure of the Federal Government, and were 
immediately transported to that isolated s])ot. Of the 
naval and military officers, some were condemned to be 
.shot and the others to serve various terms of imprisonment. 
This severity on the part of the Court-martial brought 
about fresh troubles. President Saenz Pena was deter- 
mined that the sentences should be carried out. Con- 
gress was (Mjually decided that the death penalty should 
not be indicted. The Ministry at first supported the 
President in a half-hearted manner and then deserted 
him as the opposition in the Chambers gathered strength. 
The struggle between Congress and the Executive con- 
tinued for some weeks, the former refusing to vote the 
BudgiJt or any supplies unless the President conformed 
to the desires of the Chambers in the matter of the officers 
implicated in the Santa Fe outbreak. On the 21st of 
January, 1895, the President found his position no longer 
tenable, and preferred to resign rather than act against 
his convictions. That the government of Dr Saenz Pena 
was weak and vacillating is not to he gainsaid ; but he 
himself w'as honest in his intention of doing his duty in 
the trust confided to him, and the chief cause of his 
unpopularity was probably the fact that he l»elonged to 
no distinct political imrty and consequently commanded no 
following among the mcinljers of Congress. His resigna- 
tion was at once acce[ited by the Cyhambers, and 
the Vice-President, Dr Uriburu, liecame Presiflent of the 
Republic for the remainder of the period of six years for 
whieh Dr Saenz Pena had been elected in 1892. 

President Uriburu was neither a ])olitician nor a states- 
man ; he had spent the greater portion of his life abroad in 
the Argentine diplomatic service, and could count on no 
political following in his own country. It was, indeed, on 
account of his Injlonging to no political jiarty that he had 
been elected Vice-President. During his term of office 
the boundary tjuestion wdth Chile was the subject which 
chiefly attracted public attention. Internal politics were 
dwarfed in coin|jarison with this important issue. The 
strain on both Governments was extremely severe. On 
both sides, from time to time, the populace clamoured 
for an appeal to arms. The resources of both countries 
were squandered in military prejiarations, and the National 
Guards were called out and constantly drilled in order to bo 
ready in case of an emergency. In August, 1 898, matters 
reached a climax. The choice lay between war and arbitra- 
tion. The tendency of both nations was to decide the dispute 
by force of arms, but wiser counsels finally prevailed and 
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arbitration was agreed upon. The question of the Pufia 
of Atacama was referred to a tribunal composed of the 
United States Minister to Argentina, awe Argentine and 
one Chilian delegate ; that of the southern territory m 
Patagonia was referred to the British Crown. The 
decision of the representative of the United States was 
given in Ajiril, 1899. Although the Chilians professed 
to be dissatisfied with thi* award, no active o))])ositiun was 
raised and the terms were dnly notified. Up to the end 
of 1901 the decision of the Arbitration Commission 
appointed by the British Government had not been given. 
Further details regarding certain points were required, 
and, in order to obtain tlicM*, Argentine and Chilian ex- 
{leditions were sent to Patagonia. In view of the occupa- 
tion of Ultima Espcraiiza, jiait of the disputed territory, 
by Argentine colonists, the G(>\crnmeiits of C’hile and 
Argentina signed a protocol on 27th December agreeing 
to take no aggressive action, and to instruct the local 
authorities to maintain the jirevious iiosition. No other 
lK)undary disjmtcs can now arise, as the question with 
Brazil was settled by the award of i*n?Ridcnt Cleveland 
in 1894, and subsequently ac<‘epted and ratified by the 
Argentine and Brazilian Go\ernments. 

In 1898 there was again a presidential election. Public 
opinion, excited by the j>ros|)eet of a ^^’ar with Chile, 
naturally supi>orted the candidature of General Uoca, and 
he was elected without opposition (12th October, 1898). 
Before he had been many weeks in oftict* he arranged to 
meet the President of the C^hilian Republic in the Strait 
of Magellan, and held a conference with him which 
confirmed the amicable solution of the frontier (luestion. 
In his Message to Congress on the Ist of ^fay, 1899, 
General Roca spoke strongly of the immediate necessity 
of a reform in the methods of administering justit*e, the 
exjiediency of a revision of the electoral law, and tlie im- 
perative need of a reconstruction c)f the Dej^artment of 
Public Instruction. Justice, lie said, had come to so low 
a level as to l^e practically non-existent. Of the necessity 
of electoral reform the following may serve as an illustra- 
tion : — In March, 1899, elections were held for l)i*])Utie8 
for the Provincial (fiiaml^r of Buenos Ayres, and resulted 
in the return of a substantial majority opjiosed to the 
Governor. They were at onec annulled, and at the iiew^ 
elections the supporters of the Governor had a deri(l(*d 
majority. On 3 Ist August of the same year, President 
llocii sent to Congress a senes of proposals for d('aliiig 
with the currency question and certain branches of finance 
connected wdth the national revenue and ex])enditure. 
The scheme included the conversion of the currency at 
the rate of 44 cents gold for each jiajuu* dollar. The 
President declared that h(‘ was deterinined to make e\ery 
effort to reduce the national e.\]»enditure, adding that the 
object of fixing the rate of tin' relation of gold to currency 
was to do away with the violent fluctuations in the value 
of the paj>er dollar, whieh caused so much damage to 
commerce and all classes of industry. Jn sjnti' of the 
adverse feeling which prevailed in many quaiters, the 
Conversion Rills were passed by the Senate and the, 
Chamlx'r of De^mties, and became law on fltli November. 

In 1900 considerable anxiety was caused in Argentina 
by wliat was regarded as the, aggressive attitude of Chile 
towards Bolivia. Dr Campos Salles, the President of 
Brazil, jiaid a visit to Buenos Ayres in Octobc^r and was 
veiy warmly received. The result of the coijver.sations 
Iwtwccn the two Presidents W'as an understanding that 
instructions should be sent to all Argentine and Brazilian 
n'presentatives abroad to lose no ojjportuiiity to advocate 
the maintenance of jieace in South America, and to dis- 
countenance the idea of any South American Government 
acquiring an extension of territory by force of arms. 
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Tlio city and province of Buenos Ayres have been rapidly 
recovering by natural causes the political predominance 
which they lost in 1880. Kepresentation in the Argentine 
Congress is accorded to the various provinces in jiroportion 
to tlKsir population. Until 1895 the number of seats in 
the (yhanil>er of Deputies was based upon the census of 
1869, which gave tlie provinces a large majority over the 
city and jirovince of Buenos Ayres. Under tlie census of 
1895 the increase of population in Buenos Ayres entitled 
the capital and province to a greater number of scats, and , 
no fewer than 47 memliers for city and province together i 


are returned out of the total number of 116 for the whole 
Republic, 

The chief political question agitating the people of 
Argentina is that of heavy protective duties as against a 
moderate tariff — practically, j>rotection verms free trade. 
The fanners of all classes, agricultural and jiastoral,. 
demand a reduction of the tariff; while the manu- 
facturers of sugar and other articles, which thrive only 
in consequence of the prohibitive duties, use all their poli- 
tical influence to maintain the existing system. 


ArgfOntOfli a town of France, in the arroiulisscinciit 
of (^hhteauroux, de])artnient of Indre, on the ii. C^reuse, 18 
miles S.S.W. of Chhteauroux on the railway to Lo Blanc. 
Kxccllcnt wine is produced ; tanning, the inanufjicture of 
boots and shoes, and lintm goods, are leading induhtrie,s. 
Tht‘ actual site of the ancient Anjeniimngus lies a little to 
the north, and is occuincd by St MAm’Ki.. Population 
(1881), 5167 ; (1891), 5503; (1901), 6281, (comm.) 5978. 

ArSfOn. — For more than a hundnul years VM'fure 1894 
it had been supposed that the comjiosition of tlu^ atmosphere 
was thoroughly known. Beyond variable ijuautitics of 
moisture and traces of carbonic acid, hydrogen, ammonia, 
ktc., the only constituents recognized were nitrogen ati<l 
oxygiMi. Tlie analysis of air was conducted by determining 
th(‘ amount of oxygen present and assuming the remainder 
to be nitrogen. Since tlio time of Cavendish no one seemed 
even to Inive asked the question wliether the residue ^^as, 
in truth, all capable of conversion into nitric acul. 

Tln‘ manner in which this condition of comj»lacerit iguor- 
ance came to be disturbed, is instructive. Observations 
undertaken mainly in the interest of Prout’s law, and ex- 
tending over many years, had been conducted to determine 
afresh the densities of the principal gases — hydrogen, 
oxygen, and nitrogen. In the latter ciisc, tlic tirsi j»re- 
])arations were according to the convenient nudhod dcvisc'd 
by Vernon Plarconrt, in which air charged with ammonia 
is passed over red-Jiot cop|Kjr. Under the influence of the 
heat tlie atmosjiiieric oxygen unites with the hydrogen of 
the ammonia, and wlieii the cxcisss of the latter is removed 
with sul})huric acid, the gas ^iropcrly desiccated should l»e 
pure nitiogeii, derived in part from the aiiiiiionia, but 
principally from the air. A few concordant deteriniiia- 
tions of ilensity having been iittected, the question was at 
fii'st rcgardi'd as disjHised of, until the tliought occurred 
that it might lie desirable to try also the more usual 
method of pre])aration in which the oxygen is removed 
by actual oxidation of cojqit'r without the aid of ammonia. 
Determinations made thus were eijually concordant among 
themselves, but the resulting density was about ^ part 
greater than that found by llarcourt’s method (Bayleigh, 
Niiinre^ vol. xlvi. p. 512, 1892). Subwiqueiitly wheu 
oxytjen was substitut'd for air iu the first method, so that 
all (instead of about une-siwenth jiart) of the nitrogen was 
derived from ammonia, the dilierence rose to one-half j-)cr 
cent. Further experiment only biought out more clearly 
the diversity of tlie gases hitherto assumed to bo identieiJ. 
AVhatever were tlie iiK'ans enqdoyed to rid air of ac- 
companying oxygen, a uniform value of the density w'as 
arrived ii4, and this value was one-lialf ]»t*r cent. gi*eater 
than that appertaining to nitrogen extracted from com- 
pounds such as nitrous oxide, ammonia, and ammonium 
nitrite. No imjmrity, consisting of any known substance, 
could bo discovered ca[mble of explaining an excessive 
weight in the one case, or a deficiency in the other. 
Storage for eight months did not disturb the density of 


the chemically extracted gas, nor had the silent electric- 
discharge any influence u])on either quality. (“On an 
Anomaly encountered in determining the Density of Nitro- 
gen Gas,” Proc, Roy, Soc,, April 1894.) 

At this stage it became clear that tlie complication 
depended ujxm some hitherto unknown body, and prob- 
ability inclined to tlie exist(*nce of a gas in the atmosphere 
heavier than nitrogen, and remaining unacted upon during 
' the removal of the oxygen — a conclusion afterwards fully 
j established by Kayh'igJi and Banisay. The question w'hicli 
' now pressed was as to tins character of the evidence for 
I the universally accepted view that the so-called nitrogen 
of the atinosphens was all of one kind, that the nitrogen 
of the air was the same as the nitrogen of nitre. Kefer- 
once to Cavendish showed that he* had already raised this 
((ueistxon in the most distinct manne]',and indeed, to a certain 
extent, resolved it. In his memoir of 1788 he writes : - 
As laras the exponnionts hitherto piiblished cAteuil, wo scaiccly 
know more of tho ])hlogiBti(‘ate(l pait of our atmospheio than that 
it is not (hininished )»y Jnne-watoi, eauHtlc alkalies, or nitrous air ; 
that It IS unlit to su]>port liie or maintain hie m auiiiialB ; ami 
that its sm)(-ifie gravity is not much less than that of common air ; 
80 that, though the nitious acul, hy being united to 2>hlogiston, 
IS converted into an possos 8 (*(l of those projieriies, and consc' 
ifuently, though it was reasonable to 8 U])])oso, that }»art at least 
oi the phlogisticated air of the atmosphere consists of this acid 
united to phlogiston, yet it may fairly be doubted vvhcihei the 
whole IS oi this kind, or whether there are not in leality many 
diiieient substances confounded together by us undoi tlio name of 
plilogisticated air. 1 therefore made an experiment to determine 
whether the whole oi a given portion of the phlogisticated ail ot 
the atmospheie could be reduced tr> iiitioiis acid, or whether there 
was not a pait of a diHeront nature to tho rest which would re- 
fuse to umieigu that change. The foiegoing experiments indeed, 
in some iiieasine, decidoil this point, as much tho greatest part oi 
air let up into the tube lost its elasticity ; yet, as suiiic remained 
unabHuriMMl, it did not ap])ear for ceitain whether that was oi the 
same nature as the rest oi not For tluH ])iirpo 8 c I diminisheci a 
similar mixture of dcjdilogisticatod [oxygen] and roiiimon air, iii 
tho same manner as beiore [by s]tarks o\ei alkali], till it was rc- 
duceil to a small )>art of its original bulk. 1 then, in order to 
decomjiuund as much as I could of the phlogisticatecl air [nitro- 
gen] which remained in the tube, added some dephlogisticated 
air to it and continued the s]>aik until no further diminution took 
place. Having by these means condensed as mm h as 1 could of 
the phlogisticated ail, I let up some solutiuii of liver of sulphur to 
absorb the dcphlogisticatod air ; after w hich only a Hmall bubble of 
air remained iinabsorbeil, whicli certainly was not more than t 4 o 
i of tho bulk of the dephlogisti(-aterl air let ii}) into the tube ; so that, 
if there be any ]»ai't of the dr'iihlogisticated air of our atmosphere 
w’hn*}i dilfers from tho rest, and cannot bo reduced to nitrous acid, 
w e may safely conclude that it is not more than pO'i't of the whole 

Although, as was natural, Cavendish was satisfied with 
his result, and does not decide whether the small residue 
was genuine, it is jirobable that his residue was really of 
a different kind from the main bulk of the “ phlogisticated 
air,” and contained the gas afterwards named Argon. 

The announcement to the British Association in 1894 by 
Rayleigh* and Ramsay of a new gas in the atmosphere was 
received with a good deal of scepticism. Some doubtc'd 
the discovery of a new gas altogether, while others denied 
that it was present in the atmosphere. Yet there was 
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•nothing inconsistent with any previously ascertained fact 
in the asserted presence of 1 per cent, of a non*oxidizable 
gas about half as heavy again as nitrogen. The nearest 
aj)proach to a difficulty lay in the behaviour of liquid air, 
from which it was supposed, as the event proved errone- 
ously, that such a constituent would separate itself in the 
solid form. The evidence of the existence of a now gas 
(named Argon on account of its chemical inertness), and a 
statement of many of its properties, were communicated to 
the Royal Society (sec Phil, Tram, clxxxvi. p. 187) by the 
discoverers in January 1895. The isolation of the new 
substance by removal of nitrogen from air was effected by 



Fig.l. 

two distinct methods. Of these the first is merely a 
development of that of Cavendish. The gast's were con- 
tained in a test-tube A (Fig. 1) standing over a large 
quantity of weak alkali B, and tlie current was conveyed 
in wires iusulatt^d by U-sliapcd glass tubes CC passing 
through the liquid and round the mouth of the test-tube. 
The inner platinum ends DD of the wire may be sealed 
into the glass insulating tubes, but reliance should not be 
placed upon these sealings. In order to secure tightness 
in spite of cracks, mercuiy was placed in the bends. 
With a Kattery of five Grove cells and a Ruhmkorff coil of 
medium size, a somewhat short sjiark, or arc, of about 
5 mm. was found to be more favourable tlian a longer one. 
When the mixed gases were in the right projxirtion, the 
rate of absorption was about 30 c.c. per hour, about thirty 
times as fast as Cavendish could work with the electrical 
machine of his day. Where it is available, an alternating 
electric current is much suiierior to a battery and break. 


This combination, introduced by Spottiswoode, allows the 
absorption in the apparatus of Fig. 1 to be raised to about 
80 c.c. iier hour, and the method is very convenient for 
the purification of small quantities of Argon and for 
determinations of the amount ja-esent in vaiious samples 
of gas, e,g., in the gases expelled from solution in \\ater. 
A convenient adjunct to this apparatus is a small volta- 
meter, with the aid of which oxygen or hydrogen can be 
introduced at pleasure. The gradual elimination of the 
nitrogen is tested at a moment’s notice witli a miniature 
spectroBcoixs. For this jmr))osc a small Leyden jar is 
connected as usual to the secondary terinimils, and if 
necessary the forcf» fif tlu* discharge is moderated by the 
insertion of resistance in the } primary circuit. When with 
a fairly wide slit the y(*llow line is no longer visible, tin* 
residual nitrogen may be* consitleri'd to have fallen below 
2 or 3 jier cent. During this stage the oxygen should In' 
in considerable excess. When the yellow line of nitrogen 
lias disapiieared, and no further contraction w‘eins to be 
in progress, the oxygtMi may Ih» removed by camious 
introduction of hydrogmi. The s]>pctnim may now l>e 
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further examineil with a more ])oweiful instninient. The 
most conspicuous group in the Argcni s]>ectiiiiii at atnio- 
s])beric pressun^ is that first n'corded by Scbiistei (Fig 2). 
Water vapoiii and excess of oxygon in mf)deration do 
not interfere seriously with its \isibdi(j^. ]t js of interest 
to note that the Argon s]»ectruiii may be fully develojied 
by ojierating upon a miniature scale, starting with only 
5 c.c. of air (Phf7. vol. i. p. lO.*], lilt) I ), 

The develojimeiil ol ( Vivendish’s method U]>on a laige 
scale involves ariangeiiients different from whut would at 
first be expected. The tiansfr)riiuT \\r)iking fioni a jmblic 
supply should give about (JOOO xolts on open circuit, 
although w^hen the electric flame is established the \olluge 
on the platinuiiis is only from IGOOto 2000. Xo sufficient 
advantage is attained by raising the piessurc of the gases 
aliove atmosphere, but a capacious vessel is necessary. 
This may consist of a glass sjihcrc of 50 litres* capacity, 
into the neck of >\luch, jnesented downwards, the necessary 
tul)C8 arc fitted. TJie whole of the interior surface is 
w’ashed w'ith a fountain of alkali, kept 111 circulation by 
means of a small centrifugal pumii. In this ajiparatus, 
and with about one liorseq>owvr utilized at the transformer, 
the absorption of gas is 21 lities ])er hour (“The Oxida- 
tion of Nitrogen Gas,” Vntm, CIu'M, aSV., 1897). 

In one cxjipriment, s|H‘cially undertaken for the sjike 
of measurement, the total air employed was 9250 c.c., 
and the oxygen consumed, mani])ulated with the aid of 
partially de-aerated water, amounted to l(),H2j3 c.c. The 
o.xygen contained in the air would be 1942 c.c. ; so that 
the quantities of atmospheric nitrogen and of total oxygen 
wdiich enter into combination w'ould be 7308 c.c. and 
12,762 C.C. respectively. This corresponds to N + 1’75 O, 
the oxygen being decidedly in excess of the i>roportiou 
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required to form nitrous aeid. The Argon ultimately 
found was 75*0 c.c., or a little more than 1 per cent, of 
the atmospheric nitrogen used. A subsequent determina- 
tion over mercury by Kolias (/Voc. Roy, Soe, lix. p. 66, 
1895) gave 1*186 c.c. as the amount of Argon present in 
100 c.c. of mixed atmo8i)heric. nitrogen and Argon. In 
the earlier stages of the inquiry, when it was important to 
meet the doubts which Imd been expressed as to the 
presence of the new gas in the atmospWe, blank ex()cri- 
ments were executed in which air was replaced by nitrogen 
from ammonium nitrite. The residual Argon, derived 
doubtless from the water used to manipulate the gases, 
was but a small fraction of what would have been obtained 
from a corresponding quantity of air. 

The other method by which nitrogen may be absorbed 
on a considerable scale is by the aid of magnesium. The 
metal in tlie form of thin turnings is charged into hard 
glass or iron tubes heated to a full red in a combustion 
furnac^e. Into this air, previously deprived of oxygen by 
red'liot copiMjr and thoroughly dried, is led in a continuous 
stream. At this temperature the nitrogen combines with 
the magnesium, and thus the Argon is concentrated. A 
still more potent absorption is afforded by ctilcium, pre- 
]>ared in situ by heating a mixture of magnesium dust 
with thoroughly dehydrated quick-lime. The? density of 
Argon, proiMirod and purified by magnesium, was found by 
IVofessor llanisay to bo 19*941 on the O 16 scale. The 
volume actually weighed was l().‘i (;.c. Subseciuently 
large-scale operations with the same apparatus as had 
been used for the principal gases gave an almost 
identical result ( 1 9*940) for Argon pre[iared with oxygen. 

Argon is soluble in water at 1 2" (J. to about 1*0 jier cent., 
that is, it i,s about times more soluble than nitrogen. 
We should thus expect to hud it in increased ])ro|K)rtion 
in the diss(»lved gaw^s of rain-water. Experiment has 
confirmed this anticipation. Tht* weight ot a mixture of 
Argon and nitrfigen pr(q»ar(?d from tlic dissolved gast's 
showed an excess of *J4 mg. ovit the weight of true 
nitrogen, the coiTes]M)nding excess for tin* atinos])heric 
mixture being only 11 iiig. Argon is contained in the 
gases lib(u*ated by many thermal springs, but not in 
special (juantity. TJie gas coIN*cte(l from the King’s 
Spring at Hath gave only one-half per cent., /.c., half the 
atmospheric j^roportion. 

The most remarkable jjliysical property of Argon relates 
to the constant known as tlie ratio ot specific heats. When 
a gas is wanned one degree, the lieat which must Ih» sut>- 
plied depends U])on whether the o^jeration is conducted at 
a constant volume or at a constant invssure, Kung greater 
in the latter case. The ratio of siiecitic heats of the 
principal gases is 1*4, wliieli, according to the kinetic 
theory, is an indication that an imiiortaut fraction of the 
energy absorbed is devoted to rotation or vibration. If, 
as for Hoscovitch points, the whole energy is translator), 
the ratK) of specific heats must 1*67. This is precisely 
the number louiid from the velocity of sound in Argon as 
determiiied b}" Kumlt’s method, and it leaves no room for 
any sensible energy of rotatory or vibrational motion. 
Tlu» same value had j^revionsly been found for mercury 
vapour by Kuiidt and Warburg, and had been regarded 
as confirmatory of the monatomic character attributed fm 
chemiail grounds to the meicury molecule. It may Ihj 
added that helium has the same character as Argon iu 
respect of sjiecilic heats (Itamsav, Pror. Roy, Siw. 1. j). 
86, 1895). , 

The refractivity of Argon is -901 of that of air. This 
low refractivity is noteworthy as strongly antagonistic to 
the view at one time favoured by eminent chemists that 
Argon was a condensed form of nitrogen represented by 
Nj. The viscosity of Argon is 1*21, referred to air some- 


what higher than for oxygen, which stands at the head of 
the list of the principal gases (“ On some Physical I¥o- 
perties of Argon and Helium,” Proc, Roy, Soc. vol, lix. 
p. 198, 1896). 

The spectrum shows remarkable peculiarities. Accord- 
ing to circumstances, the colour of the light obtained from 
a Plucker vacuum tube changes from red to a rich steel 
blue,” to use the words of Crookes, who first described 
the phenomenon. A third spectrum is distinguished by 
Eder and Valenta. The red spectrum is obtained at 
moderately low pressures (5 mm.) by the use of a 
Ruhmkorff coil without a jar or air-gap. The red lines 
at 7056 and 6965 (Crookes) are characteristic. The blue 
spectrum is best seen at a somewhat lower pressure 
(1 mm. to 2*5 mm.), and usually requires a Leyden jar to- 
be connected to the secondary terminals. In some con- 
ditions very small causes effect a transition from the one 
spectrum to the other. The course of electrical events 
attending the operation of a Ruhmkorff coil being 
extremely complicated, special interest attaches to some 
ex|)erimeuts conducted by Trowbridge and Richards, in 
which the source of power was a secondary battery of 5000' 
cells. At a pressure of 1 mm. the red glow of Argon was 
readily obtained with a voltage of 2000, but not with 
much le8.s. After the discharge was once started, the 
difference of ]>otentials at the terminals of the tube varied 
from 630 volts upwards. 

Thu introduction of a capacity between the terminals of the 
Geissler tube, for oxamide two plates of metal 1600 s(}. cm. in 
area soparatid by a glass plate 1 cm. thick, made no dill'eronco in 
the red glow so long as tno connexions w'ere good and the con- 
denser was quiet. As soon as a spark-gap was introduced, or the 
condenser began to emit the humming sound peculiar to it, the 
beautiful bine glow' so characteristic of Argon immediately 
appeared. {Phil, Mag, xliii. p. 77 , 1897 .) 

The behaviour of Argon at low temperatures was investi- 
gated by Olszewski {Phil, Travs,^ 1895, p. 253). The 
following results are extracted from the table given by 
him : — 
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The smallness of the interval between the boiling and 
freezing points i.s noteworthy. 

From the iiiamier of its preparation it w'as clear at an 
early stage that Argon would not combine with magnesium 
or calcium at a red heat, nor under the influence of the 
electric discliarge with oxygen, hydrogen, or nitrogen. 
Numerous other attempts to imluee combination also 
failed. Nor does it appear tlmt any well-defined compound 
of Argon has yet been prepared. It w'as found, however, 
l>y Berthelot tliat under the influence of the silent electric 
j discharge, a mixture of lieiizole vapour and Argon under- 
; went contraction, with formation of a gummy product 
from which the Argon could bo recovered 

The facts detailed in the original memoir leil to the 
conclusion that Argon was an element or a mixture of 
elements, but the iiuestion Ixdweeu these alternatives w^as 
left open. The behaviour on li<iuefaction, however, 
seemed to [irove that in the latter case either the propor- 
tion of the sulxirdinate constituents was small, or else that 
tlie various constituents were but little contrasted. An 
attempt, somew’hat later, by Ramsay and Collie to separate 
Argon by « diffusion into two parts, which should have 
different densities or refractivities, led to no distinct effect. 
More recently Ramsay and Travers have obtained evidence 
of the existence in the atmos]iher6 of three new gases. 
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besides helium, to which have been assigned the names of 
Neon, Krypton, and Xenon. These gases agree with 
Argon in respect of the ratio of the specific heats and in 
being non-oxidizable under the electric s])ark. As origin- 
ally defined, Argon included small proportions of these 
gases, but it is now preferable to limit the name to the 
principal constituent and to regard the newer gases as 
** companions of Argon.” The physical constants associated 
with the name will scarcely be changed, since the projwr- 
tion of the “ comi^anions ” is so small. Professor llamsay 
considers that probably the volume of all of them taken 
together does not exceed j^th part of that of the Argon. 
The latest infonnation with resiiect to the physical pro- 
iierties of these gases is conveyed in the following tabic 
(Pror, Roy. Soc. 67, p. 331, 1900) 



llHlium 

Neon. 

Amdfi 

Krj 

j Xenon 

Refroiitivities 

•1*238 

•234.^1 

•968 
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The glow obtained in vacuum tulles is highly charac- 
teristic, whether as seen directly or as analysed by the 
spectroscope. (k.) 


AtgOBm — Eecent investigation has added consider- 
ably to our knowledge concerning the Argive Herwum or 
Heraion, the ternjde of Hera, which stood, according to 
Pausanias, “ on one of the lower sloi)es of Euboea.” The 
term Euboea did not designate the eminence upon which 
the Herajum is placed, or the mountain -toj) behind the 
Her»um only, but, as Pausanias distinctly indicates, the 
group of foothills of the hilly <liHtrict adjoining the 
mountain. When once we admit that this designated not 
only the mountain, which is 532 metres high, but also the 
hilly district adjoining it, the general scale of distance for 
this site grow\s larger. The territory of the Ileneum ivas 
divided into three parts, namely Eubiea, Akraia, and 
Prosymna. Pausanias tells us that the Heneuui is 15 
stadia from Mycenm. Strabo, on the other hand, says 
that the Hcraium was 10 stadia from Argos and 10 from 
Myceme. Both authors umlerestiniate the distance from 
Mycenoe, which is about 25 stadia, or a little more than 
3 miles, while the distance from Argos is 45 stadia, or a 
little more than 5 miles. The distance from the Hormuni 
to the ancient Midea is slightly greater than to Mycenae, 
while that from the Herajum to Tiryiis is about 6 miles. 
The Argive Hermum was the most iiniiortant (;ontre of 
Hera and Juno worship in the ancient world ; it always 
remained the chief sanctiiaiy of the Argive district, and 
was in all probability the earliest site of civilized life in 
the country inhabited by the Argive ix50])lc. In fact, 
whereas the site of Hissarlik, the ancient Troy, is not in 
Greece proper, but in Asia Minor, and can thus not furnish 
the most direct evidence for the earliest Hellenic civiliza- 
tion as such ; and whei’eas Tiryns, Mycjena), and the city 
of Argos, each represent only one definite |)criod in the 
successive stages of civilization, the Argive Heneum, 
holding the central site of early (uvilization in Greece 
proper, not only retained its importance during the three 
periods marked by the supremacy of Tiryns, Myceme, and 
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the city of Argos, but in all probability antedated them 
as a centre of civilized Argive life. These conditions 
alone account for the extreme archieological importance of 
this ancient sanctuary. 

According to tradition the Ilcramm was founded by 
Phoroneus at least thirteen generations bc'f ore Agamemnon 
and the Achujans ruled. It is highly prol»able that before 
it became im])ortant mercly as a tcmjilo, it was the fortified 
centre uniting the Argive ])eople dwelling in the ]dain, the 
citadel which supoiseded in this function by Tiryns. 
There is ample evidence to show that it was the cliief 
sanctuary during the Tirynthian jieriod. When Mycena* 
was built under the Per8CKU*H it was still the chief sanctuary 
for that centre, which siii Tiryns in its dominance 

over the district, and which this temple clearly antedated 
in construction. According to the Dirtis Crefetmis, it 
was at this Heneum that Agamemnon assembled the 
leaders lx3foro setting out for Troy. In the poricxl of 
Dorian supremacy, in spite of the new cults which were 
introduced by these |x‘ople, the Henenm maintained its 
supreme im])ortanre : it w^as here that the tablets recoidiiig 
the succession of priestesses were kept which ser\e<l a^ 
a chronological standard for the Argive people, and even 
far beyond their borders ; and it was here that J^heulon 
de|H)Hited the vlttU»koi when he intnxluced loin.igt* into 
Greece. 

We learn from Stralx) that the Her8enm was the joint 
sanctuary for Myceme and Argos. But in the 5tli century 
the city of Argos vampiishcd the Myceiueaiis, and from 
that time onwards the city of Argos Ix^comes the political 
centre of the distiict, while the Heriuum remains the 
religious centre. And wiien in the year 423 n.c., through 
the negligence of the priestess Chryseis, the old temple 
was burnt down, the Argives erected a splendid new 
temple, built by Eupolemos, in which w''as ]»laced the 
great gold and ivory statue of Hera, by the sculjdoi 
PolyclcituH, the con temporal y and rival of Phidias, w^hirh 
W'as one of the most iierfect works of s(*ulpture m anti- 
quity, Pausanias describes the tenqile aiul its contents 
(ii. 17), and in his time he still saw^ the rums of the oldei 
burnt temple above the temple of EuiKilemos 

All these farts liaxr heen voiiliod uiid illimtratod h\ IIm* 
exuavatioiis of tho Aiumrau ArchtroloKinil Institute ami School 
of AthviiH, which were euiiiecl on troiii 1S02 to Jii 1S.'1 

Ehuiigahe made tentative cMUNatioiiH on tins site, digging a trem'h 
along tho north and east sides of the second temple. f)f these 
excavations no traeo was to he seen when those ol 18SI2 were heguii 
The excavations have shown that tlm sanetiiuix. instead of e(»n- 
sistiug of hut one teiiiplo with the lUiiiH of tlie older one aho\e it, 
contamod at leaist eleven wjMiiiite buildings, oeeupyiiig an aiea ol 
about 300 ineties by 100 metres. 

On the ni>ix*Tm()Ht terrace, delined by tho great Cyclopean 
porting wall, exactly as desenhetl by Pausanias, the excavations 
revealed a layei ot ashes and chaired wood, ludovv winch were 
found iinmerous olijeets of earliest date, together witli some n'mains 
of the walls ivsling on a polygcuial ])latfonn all loinnng pait of 
the earliest temjde. Immediately atljoining the CvelojMsin wall 
and below it w'eiu found tiae(‘H of small hoiisos of the imlest, eailiest 
luasoniy which are pre-Mycemean, il not pie-Cyelo|X‘aii. 

We then descend to tho soeoml teuaee, in the ceiiti-o of which 
tho Huhstructuro of tho great second templo was revealed, logethci 
with so much ot the w’alls, as vndl os the wweral archite» tural 
luoTnIxjrs foiming the Buperstrueturo, that it w'lll he ])os8ihlo lor 
tho andutocts to design a eompleto restoiaiion of the temple. On 
the northern side ol this ten ace, between tho second temple and 
tile Cyelojwaii enippoiting wall, a long stoa or colonnade runs from 
cast to west abutting at tlie west eml in stnietui’cs which evidentlv 
contained a well -house and waterw'orks ; while at the eastern end 
of tiiis stoa a niiinl>er of chamhei-s were erected against tho hill, 
ill front of which weie placed statues and inscnptio/ls, tho hoses 
for which are still extant. At tho easteiiimost end of this second 
terrace a large liall witli three rows of columns in tho interior, with 
a iKireh oiuf entmnec at the west ond facing tho temple, is built 
iiixiu olabomte supporting walls of good niasomy. 

Below the second teiiaco at the soulh-west ond a large and 
complicated building, with on oiien courtyard surrounded on thi*ec 
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sides by a colonnade and with chambers opening out towards the 
north, may have served as a gymnasium or a sanatorium. It is of 
good early Greek architecture, earlier than the second temple. A 
curious, ruder building to the north of this and to the west of the 
second terrace is probably of rnuc.h earlier date, perha|)S of the 
Mycemean ]ieriod, and may have served as jiropyltea. 

lininediatidy below the second temple, at the loot of the elevation 
on which this tcnnple stamls, towards the south, and thus facing 
the city of Argos, a sj»l(*ndid stoa or Cf)lonnude, to which large 
flights of steps lead, was erected about the time of tlio building of 
tlie second temple. It is a part of the great plan to give worthy 
HcccHH to the temple from the eity of Argos. To the east of this 
large High is of stops load np tf) the temple projier. 

At the western extremity of the whole site, immediately lieside 
the river bed, we again have a huge stoa ninning round tw'o sides 
of a square, which was no doubt connected W'ltli the functions of 
this sanr^timry as a health resort, e8|)eciully for women, the goildess 
Hera piesidihg over and protecting maiTied life and childbirth. 


Finally, immediately to the north of tliis western stoa there is ait 
extensive house of Koman times also connected wdth batlis. 

While the buildings give archaeological evidence for 
every period of Greek Sfe and history from the pre- 
Mycensean ^leriod down to Homan times, the topography 
itself shows that the Ilereeum must have been constructed 
l)efore Mycense and without any regard to it. The foot- 
hills which it occupies form the western boundary to the 
Argive plain as it stretclies down towards the sea in the 
Qi^ of Nauplia. While it was thus probably chosen as 
the earliest site for a citadel facing the sea, its further 
relation points towards Tiryns and Midca. It could not 
have been built as the sanctuary of Mycena), which was 
placed farther up towards the north-west in the hills, and 
could not be seen from the Heraaum, its inhabitants again 
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l.\, Hfiiiiun BuildiiiK , X, Lo\ier Ktou, XL, rhylukelon ; A, B, D, K, F, (hsterns. 


not being able to see tlnir sanctuary, ^riic' AM’st building, 
the* traces ol’ bridges and roads, show that at one time il 
did Indd some relation to Myceine ; but this was long 
after its foundation or the building of tlie huge C^yclojie^iii 
su|»[K)rting ^\all which is ccx*val with the w^alls of Tiryus, 
these again being earlier than those of Mycemm. Th(»re 
are, moreoMT, tract's of still more primitive walls, budt 
of rude small stones ]daeed one u])on the other w’ithont 
mortar, winch are in character «‘arlit;r than those of Tiryus, 
and liaM* their ])arallel in the lowest layers of Hissarlik. 

IVaiing out the evidence of tradition as wdl as archi 
tecture, the niimeious tinds of individiuil objects in terra 
cotta tiguriiu's, vast's, bronzes, engmved stones, ckc., point 
to organized civilized life on this site many generations 
lief ore Myeeme W'as built, a fortiori before the life as 
de])icte(l by Homer flourished —nay, lief ore, as tradition 
has it, under Prietus the w'alls of Tiryns were erected. 
We ai*e aided in fonning some estimate of tlie chrono- 
logical setjuencti pn»ceding the Mycenean age, as suggestetl 
by the finds of the lleneum, in the new' distribution which 
Dorpfcld has been led to make of the chronological 
stratification of Hissarlik in his most recent excavations 


of that site. l’'or the layer, which he now assign ^ to the 
Mycemean ])eri(Kl, is the sixth stratum from below'. Now, 
as some of tlu' remains at the lleneum correspond to the 
two lowest layers of Hissarlik, the evidence of the Argive 
temple leads us far beyond the date assigned to the 
Myeena'an age, and at least into the second millennium b.<\ 
(see also Mm kn fan (hviuzATioN). 

Tliis sanctuary still holds a position of central import- 
ance as illustrating the art of the highest period in Greek 
history, namely, the art of the bth century B.c. under the 
great sculptor JVilyeleitus. Though the excavations in the 
st'cond temide have clearly revealed the outlines of the base 
upon which the gieat gold and ivory statue of Hera stood, 
it is needless to say tliat no trace of the statue itself has 
been found. From Paiisanias we learn that “the image 
of Hem is seated and is of colossal size ; it is made of 
gold and ivory, and is the work of Polycleitus.” Based 
on the eomputotions made by the architect of the American 
excavations, Mr Tilton, on the ground of the height of 
the nave, the total height of the image, including the base 
and the top of the throne, would lie about B metres, the 
seated figure of the goddess herself about r)*50 metres. 
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It is probable that the face, neck, amiSi and feet were of 
ivory, while the rest of the figure was draped in gold. 
Like the Olympian Zeus of Phidias, Hera was seated on 
m elaborately decorated throne, holding in her left hand 
the sceptre, surmounted in her case by the cuckoo (as tliat 
of Zeus had an eagle), and in her right, instead of an 
elaborate figure of Victory (such as the Athene l^rthenos 
and the Olympian Zeus held), simply a iiornegranate. The 
erown was adorned with figures of Graces and the St^asons. 

, A Roman imi)erial coin of Antoninus Pius shows us on 
a reduced scale the general composition of the figure; 
while Antoninus Argive coins of the 5th c«‘ntury give 
a fairly adequate rendering of the head. A further 
attempt has b^n made to identify the head in a l)eautiful 
marble bust in tlie British Mustmm hitherto known as 
Bacchus (Waldstein, Jout'mif of Hellenic vol. xxi. 

1901, j»p. .*10 Rcq,). 

We also learn from Pausanias that the temple was 
decorated with “ sculj)ture8 over the columns, rcpresimting 
some the birth of Zeus and the battle of the gods and 
giants, others the Trojan war and the taking of Ilium.*’ 
It was formerly supposed that the pln-ase “over the 
columns ” pointed to the existence of sculptured metopes, 
but no licdimental groups. Finds made in the excavations, 
however, have shown that the temple also had pediniental 
groups. Besides numerous fragments of nude and diu])eil 
figures belonging to i)edimental statues, a well-preserved 
and very beautiful heafl of a female (livinity, luobably 
Hera, as well as a draped female torso of excellent work- 
manship, both belonging to the ])ediments, have been 
discovered. Of the metopes also a great iiumhcr of 
fragments have been found, together with two almost 
com])lete mefoj)e8, the one containing the torso of a nude 
warrior in perfect preservation, as well as ten well 
]>reserved heads. Thest) statues bear the same relation 
to the scultdor J'olyeleitus which the l^artheium marbles 
hold to Phidias ; and the excavations have thus yielded 
most im])ortant material for tJic illustration of the Argive 
art of Polycleitus in the .5th century K.o. 

tlif uflioial ]juljlication ot the Ktravafiovs of the Arrive 
Jlcraum; Wat.dstein. EjcMvationa of the Amenean Sclwol of 
ulthcn^ at the JlcniLon of ArgoH^ 1892; and uunicrous lepoits and 
aiLiclus in tin* American Ar^avlogieal Joanial shik* 1892. 

(c. w *) 

ArSfOStoli< See Gkeece (Io^iian Islai^hs). 

Ar^fyll, Qeorgre John Doufflas Camp- 

bolly 8th Duke of (IS2.3-1900), British statesman, 
was horn 30th April and succ(‘edcd his father, tlie 

7th duke, in April 1847. He had then already obtained 
notice as a writer of pamphlets on the disruption of the 
•Church of Scotland, which lie strove to avtTt, and he 
raiiidly became prominent on the liberal side in Parlia- 
moHtary politics, lie was a frequent and elo<iuent speaker 
in the House of Lords, and sat as Lord Privy Seal (1852) 
and Postmaster-General (1855) in the Cabinets of Lord 
Alx^rdeen and Lord Palmerston. In Mr Gladstone’s 
Cabinet of 1868 he was Secretary of State for India, 
and infelicitously signalized his term of office by his 
refusiil, against the advice of the Indian Government, 
to promise the Ameer of Afghanistan support against 
Russian aggression, a course which threw' that ruler 
into the arms of Russia and was followed by the secoml 
Afghan war. With all the duke’s activity and disposition 
to assert himself, this seems the only inemoiublo jwlitical 
act recorded of him, except his resignation of the office 
of Lord Privy Seal, which lie held in Mr Gladstone’s 
Administration of 1880, from his inability to assent to the 
Irish land legislation of 1881. He opposed the Home Rule 
Bill with equal vigour, though Mr Gladstone subsequently 
stated that, among all the old colleagues who dissented 


from his course, the duke w’as the only one whose i>ersonal 
relations with him remained entirely unchanged. De- 
tached from party, the duke took an inde])eiidcnt i^osition, 
and for many years spoke liis mind with great freedom in 
letters to the Timeti on public questions, cs|M»cially such as 
concerned the rights or interests of landowners. He was 
no less active on scientific (juestioii.s in their i elation to 
religion, which he earnestly stroxe to reconcile with the 
progress of discovery. With this aim he pulilished The 
Reigii if Law (1800), Primeval Man (1861)), The Pnity 
of yatnre (1884), and numerous essays in hteiary and 
scientific journals. He also wrote on the Fastern Question, 

I wnth esjieeial reference to India, the history and antiijnities 
of Iona, patronage in the Chureh of Seotland, and many 
other subjects. The duke died 24th Ajiiil 1900. He 
was thrice married : first ( 1 841 ) to a daughtiT of the second 
duke of Sutherland (rf. 1878); secondly (1881) to a 
I danghtcT of Bishop Claughton ot St Allians {tl. 1 891 ) ; and 
j thirdly (1895) to Iiia Erskine M ‘Neill. Ili^ eldest son, 
j then inaniucss of Lome (/>. 1815), married in 1871 the 
Princess Louise, fourth daughter ol H.M. Qiiei'n A'letoiia. 
Few men of the duke’s era di'-played more versatility, and 
as an orator he ranked very liigli: but Ins treatment of 
the various themes he handh'd, if always impressive, was 
rarely conclusive ; and wdiile doing something to illustrate 
every subjc^ct and jiromote *'V(‘ry e^iiise wliieh lie made 
his owm, and retaining for a generation before he died the 
dtH'jHJst public respect — -line not only to his eareei as a public 
i man, hut also to his position as tlie foremost Scottish noble, 

, and th<5 father-in-law of oni* of his Sovereign's ddughtt'rs 
- he can hardly Ik* said to li.ue lelt any abiding leputalioii 
either us jiolitieian, thinker, or man of siMcnce (it. <. ) 

ArflryllShir0| a nmritime llighlciiid county of W 
S(!Otland, embracing a number ot the Hebndes or Western 
Isles, Ixiundeil on the N. by In\erness, on the E. by 
Perth and Dumbarton, ]jOch Long and the Firth of (’lyde, 
on the S. by the Irish Sea, and on the W. ]>,\ the Athiutic. 
It is the second largest comity in S<‘otland 

Atea and Populafion, In 3891 tin* 1) ]«iits ol ilii* paiishes 
I of Kilniaihe and Sniall Isles iscie tiaiistciied to Iiimiik*ss shire. 

I Accortlmg to the latest ollicial eHtiimite tin. ausi ol llie foiinly 
(foi’esliore exclmled) is 2,02r),l.’>l aiies, oi ahoul .‘H6r> square 
' iiiiles. The pojmlatiou ^^as in 1881, 76,110, in 1S91, 7f>,008— 

1 on the above urea, 74,08.'», of \>hom ;n),292 veie males and 
I Il7,79.‘J leniales ; on the old aiea, tsking lain I only (2,0r>6,402 
I acres or 32 1.3 *1 Bcpian* miles), llie number ol j>er.sons to tlic 
I square mile in 1891 was 23, and tlie nuinbei of acres to the 
j person 27*1. In the re^isti.itnni count} the population decieased 
l»eUvoen 1881 and 1891 b}' 1*8 percent. Hetweeii 1881 and 1891 
the excess of IniLhs over deaths was 6.'i88, and tlie deereaso of 
the 1*08x10111 luqnilation 14, 'll. In 1901 the j»opnlation tvas 
7.’b66.'i, a decline of 420. The following table gne.s paiticulars 
of bnths, deaths, and iiiainages in IS^O, 1890, and 1899 •— 


1 f i 

1 ^c.u 

1 1 

Mania^i'N , 

Itntlis 

1 

hrath-s 

i iN’jeentajjre of ' 

I lllcj'itniiiiti' 

1 ' 1 S80 

299 ! 

2108 

1 


1 1890 

282 

180 ; 

1 :r.o 

6*66 

1 ! 1899 1 

1 303 

17t!* 

l.J 58 

1 " . 


The birth-rate, dcalli-rale, and nmriiage-rato ucre all below 
those for Scotland. The following lahhi gives the birth-rate, 
death-rate, and man lage- rate ]»er thousand of the i>opulation for 
a series of years 

I KShO. jissi.iK»| ISDO |isyi-i)s| isyy • 

Birth-iate . . i 26’IIJ 2,‘)’24 22*69 i 22*09 j 22*46 j 

Death-rate . . - 19*30 17*01 17*11 | 16*63 j 17*18 | 

idainage-rate . j 3*71 j 3*88 3*54 | 3*86 ; 

In 1891 the number of Gaehc-speaking persons in the county 

was 36,014, of A\hom 5998 spoke Gaelic only, and there were 
52 foreigners. Valuation in 1889-90, £431,554 ; in 1899-1900, 

£489,976. , . v ^ 

Admini8tration,--'T\ie county it'turns a member to jMirl lament. 
Inveraray (735) and Campbeltown (8234) are royal burghs, and 

S. I. — 79 
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Oban (5374) ia a parlianieutary burgh ; all three belong to the Ayr 
group of parliamentary burgha. Dunoon, with Kim and Hunter'a 
Quay, ia the principal police burgh (6772). There are 39 civil 
pariahoB, 26 of which are dividecT among four combinationa of 
lalav, Lochgilphead, Lorn, and Mull, with poorhousoa at Oban, 
Lochgilphead, Bowmoro, and Campbeltown. The number of 

a ra and dependants in May 1899 was 2383. Argyllshire is a 
(loin, and there arc resident sheritfa- substitute at Inveraray, 
Campbeltown, Oban, and Furt*Willium, and courts are held also 
at Tobermory, Lochgilphead, Bowiiiore in Islay, and Dunoon. 

Educatwn. — Forty-six school boards manage 159 schools, which 
had an average attendance of 11,117 in 1898-99, while 10 vol- 
untary schools, of which 4 are Episcojial and 2 Roman Catholic, 
had 677. Campbeltown, Dunoon, and Oban have secondary 
schools, Tarbert public school has a aocoiidary de|Mirtnient, and 
10 other schools earned grants in 1808 for giving higher educa- 
tion. I*art of the residue” grant is spent by the county 
council in subsidiziug navigation and other classes in various 
schools, sliort courses in agriculture for farmers, and in providing 
bursaries. 

Agriculture . — The greater i»art of tlio soil is moor or moss, in- 
cuscoptible of cultivation, and utilized as grouse and deer forest. 
The acreage under crojis in 1808 was only 6*6 per cent, of the 
whole. Argyllsliire is one of the crofting counties, but crofting 
28 by no means universal. It is predominant in the island of 
Tiree and the western district of the mainland, but else whore 
farms ot moderate size are the rule. In 1805 the average size of 
the 3272 holdings was 41 acres ; the percentage under 5 acres 
was 32*64 ; between 5 and 50 acres 47*10, and over 60 acres 
20*26. The number of farms between 50 and 100 acres was 
304 ; between 100 and 300, 305 ; between 300 and 500, 30 ; and 
over 500, 24. Oats are the principal corn croji, only about 1500 
acres of barley being sown, and there i.s no wheat at all. 
Besides stock -raising there is a good deal of dairying iii Kiiityre, 
the leading agricultural district. The following table gives the 
principal acreages at intervals of five years from 1880 : — 


Year. 

Area under 
Crops 

( 'orn 

ClltJIK 

Oiei'ii 

Crops. 

Cl<»\er 

l^erinn- 

n«*wl 

PdHtnie. 

Fallow' 

1880 

119,219 

23,518 

12,761 

20,180 

61,097 

1597 

1885 

121,797 

22,810 

11,673 

25,112 

63,866 

1316 

1890 

133,005 

21,486 

11,282 

27,328 

72,389 

505 

1895 

134,063 

20,444 

10,64 4 

26,999 

75,222 

725 

1899 

131,709 

19,912 

10,348 

27,807 

76,137 

460 


The following tai)le gives i>articulars of the live stock during 
the same ycai s . 


Icni. 

1 Tr»Ul 

IlorNMh 

Tofal 

('Ultlr 

CoW8 OI 
IfelPUN ill 
Milk iirCUlf 1 

1 Mipop 

1 

j 

1880 

7201 

59,976 

22,385 

1,021,948 

3758 

188.5 

6930 

62,235 

23,106 

1,000,653 

4645 

1890 1 

6662 

59,627 

22,747 

1,008.279 

4981 

1895 

7025 

60,005 

22,446 

1,0*26,712 

4905 

1899 1 

6367 

61,698 

2*2,888 

984,304 

.'■“J 


The acreage under wood in ISO.”! was 48,412, of which 2068 had 
been ])laiited since 1881, From the cominenctMiieiit of the opera- 
tion of the Cl offers' Act in 1886 down to the end of 1808, 1007 
applicatiuns to fix fair rent were dealt w ith by the ('onimission, and 
rents amounting to 4^6040 w’ero reduced to iI4825, and of £12,075 
of arrears £7548 were cancelled. The Commissioners have dealt 
with 146 applicatiuns for eiilargemenc of holdings, and have 
ad<le(l 4663 acics to e.xisting crofts. At the census of 1801 the 
number of persons engaged in ngrieiilture was 8234 men and 
900 women. Deei foiesls covered 232,608 acres in 1800, an in- 
crease of 16,000 .siiK o 1883, and their annual value was £7434. 

huiustncfs uud Trade -Coarse woollens are still made forborne 
use. The following table gives particulars of the nnncral in- 
dustry for ISS.'i and 1805 , the figures showdiig the output of coal 
«’over Dunifncs as well as Argyll : - 


tual I .Slate j (InruiiU 


leal 1 

Tons 1 

Valin* * 

'J’ons 

Value. 

1 

' Tons 

■"r 1 

Vtiliii* 1 

1885 

1895 

1899 

L 

105,733 
113,915 
t]51 786 

£24,671 1 
£28,486 1 
£58,690 1 

17,938 

3 4,340 
30,580 

£25,364 

£60,977 

£62,440 

87,211 

66,128 

£13,401 j 
£19,156 


Fishing is the most important industry. Argyllshire ports 
and creeks are rojircsontod in four fushery districts, but as the 
Rothesay district comprises oiil} a few Argyll p(jrt.s, statistics 
may best be given for the fishery districts of Inveraray and 
Cainpheltown, which are exclusively Argyll, and f’ort-\\ illiam, 


which has 19 Argyll ports out of 26. The following table gives 
INirtioulars of these three districts in 1890, 1898, ana 1899 


j Year. 

No. 

lUwts 

Tciih. 

Value of 

Hesideiit 
KIshannen 
and Itoys. 

Total Value 
ofallFiMh. 

; 1890 

1537 

6622 

£35,807 1 £31,189 

4122 

£106,175 

, 1898 

1062 

4367 

£20,000 ! £20,823 

2570 

£87,929 

1809 

1023 

3716 

£20,225 1 £20,682 

1 

3464 

£101,066 


£82,902 of the total value of hsh in 1899 was the value of 
herring.s only ; £6992 the value of shell-hsh. In the greater . 
part of the districts the herring fishing ia an autumn one. The * 
Lochfyne fislii^, which is the most important, lasts from June 
to January. MHiite fishing is carried on at one or other of tho 
ports all the year round. The number of persons employed in 
the throe districts in connexion with the various branches of the 
sea fisheries in 1898 was 3873. The railway mileage has been 
increased by about 56 miles since 1875, and a light railway 
(18} m.) from Loch Long to Loch Fyne has been sanctioned. 

Autiiokitib8.--Thr (KKiHTH) Dkkb OF AiiOYLL. Commercial 
Principles Applied to the Hxre of hard. London, 1877 . — Crofts 
and Farms in the Hebrides, Edinburgh, 1883. — Iona, Edinburgh, 
1889 . — Scotland as it Was and Is, Edinburgh, 1887 . — House of 
Argyll, Glasgow, 1871. — A. Bkovvn. Memorials of Argyllshire, 
Greenock, 1889 . — Harvie - Bkown and Buckley. Vertebrate 
Fauna of Argyll and the Inner Hebrides, Edinburgh, 1892. — D. 
Clkkk. ** On the Agriculture of the County of Argyll ** {Trans, 
of H. and A. Soc. 1878).— T. Gray. Week at Oban. Edinburgh, 
1881 . — Stewart. CoUeetion of Views of CampibeUown, 

(w. Wa ) 

ArK/rokastrOf or Ebgeri, a town of Turkey, ou 
the river Drina in South Albania (Epirus). It is the 
chief town of the saujak of the same name, which in one 
of the four composing the vilayet of Janina as reduced by 
the annexation of Thessaly to Greece. Its population 
numbers 9000. 

Arica or 8an Marcos do Arlcai a town 
and port in the Chilian province of Tacna and capital of 
the dojiartment of Arica, situated in 18® 28' 8" S. lat. and 
70® 20' 46" W. long. Its population in 1895 >\as 285.3. 
It is the centre of a great mining district, and is connected 
with Tacna by mil. The territoiy of Arica and of Tacna 
fell into Chilian hands during the war of 1879 with Peru. 
In 1898, 295 vessels of 493,447 tons entered, and 296 of 
494,784 tons cleared. The customs dues on imports 
into Arica in 1897 were 144,713 pesos (gold), and in 
1898, 99,084. 

Ariose, a department in the S. of France, resting 
on the Pyrenees and watered by the Aribge. 

Area, 1893 square miles. The pojuilation declnipd tu 217,611* 
in 1886, 219,641 in 1896, and 202, *284 in 1901. Birtlis in 1899, 
4004, of which 149 vvcic illegitimate ; deaths, 4374; mairiages, 
1543. The chief towns arc Fmx, l^amiors, and 8t Girons. In 1896 
the schools numbered 776, with 32,000 pupils. Eight per cent, ol 
the population was illiterate. The area cultivated was 917,839 
acres, of w hick 353, 269 acres was ])lough-land. The mountains gi v c 
very good pa.sture. In 1899 wheat yielded a return of the value 
of £225,037. Maize is also a profitable culture, as arc likewise 
))otatoos, which gave a return ot 2,035,145 cwts. in 1898. Among 
the industrial ciiltiiies flax is the only noteworthy one. In 1899 
the live stock nil ml >cred 573,560 head. Allege produced in 1898 
26,000 tons of iron ore, and 28,000 tons of copper, argentiferous 
lead, and inanganeso (mines of Niedessos). The metallurgic 
industry yielded 48,000 tons of iron, cast-iron, and steel, of the 
value of £304,000. The other industries, with the excej)tiou of 
the manufacture of paper, aio inconsiderable. 

Arlsh. SeeARABtv. 

AriStid0S| Apoloiry of.— Until 1878 our 
knowledge of Aristides wan confined to the statement 
of Eusebius that ho was an Athenian philosopher who 
presented an apology “concerning the faith” to the 
Emperor Hadrian. In that year, however, the Mechi- 
tarists^of 8. Lazzaro at Venice published a fragment in 
Armenian from the beginning of the apology; and in 
1889 Dr Kendel Harris found the whole of it in a 
8yriuc version on Mount 8inai. While his edition was. 
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paasiiig through the press, it was observed by the present 
writer that all the while the work had been in our hands 
in Greek, though in a slightly abbreviated form, as it 
had been imb^ded as a 8i)eech in a religious novel 
written about the 6th century and entitled ** The Life of 
Barlaam and Josaphat.” The discovery of the Syriac 
version reopened the question of the date of the work. | 
For although its title there corresponds to that given by 
the Armenian fragment and by Eusebius, it begins with 
a formal inscription to “the Emperor Titus Hadrianus 
Xntoninus Augustus Pius ” : and Dr R. Harris is followed 
by Harnack and others in supposing that it was only 
through a careless reading of this inscription that the 
work was supposed to have been addressed to Hadrian. 
If this be the case, it must be placed somewhere in the 
long reign of Antoninus Pius (138-161). There are, how- 
ever, no internal grounds for rejecting the thrice-attested 
dedication to Hadrian his predecessor, and the jiicture 
of primitive Christian life which is here found points to 
the earlier rather than to the later date. It is possible 
that the apology was read to Hadrian in person when he 
visited Athens, and that the Syriac inscription was 
prefixed by a scribe on the analogy of Justin’s Aiiology, 
a mistake being made in the amplification of Hadrian’s 
iiam(\ 

The Aixilogy opens thus: “I, O king, by the provi- 
den(*e of God came into the world ; and having beheld 
the heaven, and the earth, and the sea, the sun and 
moon, and all besides, I marvelled at their orderly 
disposition ; and seeing the world and all things in it, 
that it is moved by compulsion, I understood that Ho 
that moveth and governoth it is God. For whatsoever 
moveth is stronger than that which is moved, and what- 
soever governeth is stronger than that which is governed.” 
Having briefly spoken of the divine nature in the terms 
of Greek philosophy, Aristides prococ*ds to ask which of 
all the races of men have at all partaken of the truth 
about God. Here w*e hav«» the first attempt at a 
systematic coin])arison of ancient religions. For the 
pur|xise of his inquiry he adojits an obvious tlirwfold 
division into idolaters, Jew^s, and Christians. Idolaters, 
or, as he mon* gently terms them in addressing the 
limperor, “those wdio worship wdiat among you are said 
to be gods,” he subdivides into the threci great w^orld- 
civilizations — Chaldeans, Greeks, and Egyptians. H(* 
chooses this order so as to work up to a climax of error 
and absurdity in heathen W’orshiji. The din'ct nature- 
worship of the Chaldeans is showui to Ik* false, because 
its objects are works of the Creator, fashioned for the 
use of men. They obey fixed laws and have no power 
ov(‘r thcmselv(j.s. “ The Greeks have erred W'orse than the 
Chaldeans . . . calling those gods w^ho are no gods, 
according to their evil lusts, in order that having these 
as advocates of their wickedness they may commit 
adult(M’y, and plunder and kill, and do the worst of 
deeds. ’ The gods of Olympus are challenged one by 
one, and shown to be either vile or helpless, or both at 
once. A heaven of quarrelling divinities cannot inspire a 
reastmable w^orship. These gods ari^ not even respectable: 
how can they bo adorable? “The Egyptians have erred 
w'orse than all the nations; for they were not content 
with the worships of the Chaldeans and Greeks, but 
introduced, moreover, as gods even brute beasts of the 
dry land and of the waters, and plants and herbs. . . . 
Though they see their gods eaten by others and by men, 
and burned, and slain, and rotting, they do not uuder- 
Btaiul concerning them that they are no gods.” 

Thrcnighout the whole of the argument there is strong 
common-sense and a stern severity unrelieved by conscious 
humour. Aristides is engaged in a real contest ; he 
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strikes hard blow’s, and gives no quarter. He cannot 
see, as Justin and Clement see, a striving after truth, 
a feeling after God, in the older religions, or even in 
the philosophies of Greece. He has no patience with 
attempts to find a deeixsr meaning in the stories of tlie 
gods. “Do they say that one nature underlies thc^so 
diverse forms? Then why does god hate g(»d, or god 
kill gwl? Do they say that the histones are mylhical ' 
Then the gods themselves are myths, and nothing more.” 

The Jews are briefly treated. After a reference to their 
descent from Abraham and their sojourn in Egypt, 
Aristides praises them for their worship of the one God, 
the Almighty Creator ; but blames them as W’orshipping 
angels, and observing “sabbaths and new moons, and 
the unleavened bread, and the great fast, and circum- 
cision, and cleanness of meats.” He then proceeds to 
the description of the Christians. He Ixjgiiis with a 
statement which, when purged of glosses by a comijarison 
of the three forms iu which it survives, rea»ls thus: 
“Now the Christians reckon their race from the I^onl 
Jesus Christ ; and He is confessed to be the Son of God 
Most High. Having by the Holy Spirit come dow n from 
heaven, and having been born of a Hebrew^ virgin. He 
took flesh and appeared unto men, to call tlieiii liack from 
their error of many gods ; and having completed His 
wonderful dispensation, He w^as pierced by the Jews, and 
after three days He revived and went up to heaven. And 
the glory of His coming thou canst learn, O king, from 
that w’^hich is called among them the oMingclic scriptuie, 
if thou wrilt read it. He had twelve disciples, who after 
His ascent into heaven went forth into th(» jirovinces of 
the w’orld and taught His greatness ; whenci* they w’lio at 
this day belie\e their preaeliing aio called Cjhristians.” 
This passiige contains striking correspondences with the 
second section of the Apostles’ Creed. The attribntiem 
of the Crucifixion to the Jews Hi>]H ars in several ’JimI- 
ceutury doeumonts ; Justin actually uses the words 
“He w'as pierced by you ” in his dialogue with Tryiiho 
the Jew. 

“These are they,” he ]>roeeeds, “who lM*yond all the 
nations of the earth have found the truth : for thi*y know 
God as Creator and Maker of all things, and they wor.ship 
no other god beside Him ; for they have His coniiiiand- 
ments graven on tlu*ir heaits, and these they ke(*p in 
ex])ectat on of the workl to come. . . . AVhatsoever they 
would not should Ik' done unto them they do not to 
another. ... He that hath supplieth him that hath 
not wothont grudging : if tliey see a .stranger they bring 
him under their roof, and rejoice over him, as over a 
brother indeed, for they call not one another brethren 
after the Hush, but after the spirit. They arc ready 
for Christ’s sake to gi\e up their own lives; for His 
eommandments they securely keep, living holily and 
righteously, according as the Lord their God hath com- 
manded them, giving thanks to Him at all hours, over 
all their food and drink, and tJie rest of their good 
tilings.” This simple description is fuller in th(! Syriac, 
but the additional details must lie acceptetl with caution : 
for while it is likely that the monk w'ho appropriated the 
Greek may have cut it dow’n to meet the exigencies of 
his romance, it is tlie habit of certain Syriac tianslators 
to elabomto their originals. After asserting that “ this 
is the way of truth,” and again referring for further 
informat’ in to “ the WTitiiigs of the Christians,” he says : 
“And truly this is a new' race, and there is something 
divine mingled w'ith it.” At the close we liave a passage 
which is found only in the Syriac, but which is show'n 
by internal evidence to contain original elements : “ The 
Greeks, because they practise foul things . , . turn the 
ridicule of their foulness upon the Christians.” This is 
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an alluHion to the charges of Thyestoan l)anquet8 and 
other immoralities, which the early apologists constantly 
rebut. “But the Christians offer up j)rayor8 for them, 
tlmt they may turn from their error; and when one of 
them ttirns, ho is ashamed lieforc the Christians of the 
deeds that were done by him, and he confesses to God 
Scipng : * In ignorance 1 did these things ’ ; and he 
cleanses his heart, and his sins are forgiven him, Ijectuise 
he did tliem in ignorance in former time, when he was 
blaspheming the true knowledge of the Christians.” 

These last words point to the iis(j in the coin]X)sition 
of this Apohjgy of a lost ajiccryphal work of very early 
<late. The Ptrnchinff of Pet^r, This bocjk is known 
to us chiefly by quotations in Clement of Alexandria : it 
was widely circulated, and at one time claimed a place 
within the Canon. It was used by the Gnostic Ilenicleon 
and probably by the unknowoi writer of the epistle to 
Diognetus. From the fragments wdiich survive we see 
that it contaiiKjd : ( 1 ) a description of the nature of 
God, which closely corresponds with Arist. i., followed 
by (2) a w^arning not to worshiji according to tho 
Greeks, with an exposure of various forms of idolatry : 
(3) a warning not to wwshij» according to the Jews — 
although they alone think they know the true God - 
for they worship angels and are superstitious about moons 
and sabbaths, and feasts, com]). Anst. xiv. ; ( t) a descrij)- 
tion of the (Christians as bein^ “a third race,” aiid 
worshi])ping ( lod in “ a new way ” through (.Mirist ; (5) a 
])roof of Christianity from Jewish ])roph(*cy ; (C) a promise 
of forgiveness to .lews and Gentiles who should turn to 
(lirist, b(*cause they had miiikmI “in ignoranc'e in the 
former time. Now all tliese jioiiits, excejit the proof from 
Jewish ])ro])he(*y, are takmi iij) and woiked out by 
Aristides with a frequent use of the actual language of 
The Preitehlmj (\f Peter, A criterion is thus given us for 
the reconstriKJtion of the Apology, w’here the Greek whi(*li 
Avc have has lH3eii abbreviated, and w’e are enabh'd to 
claim with certainty some jiassagiss ui the Syriac which 
might otherwise be suspected as interpolations. 

Tho style of the A])ology is exeeedmgly simple. It is 
curiously misdi\scubed by Jerome, who never can haxe 
seen it, as “ A])nlogcticum jiro Christianis conti'xtnm 
j)hiI()So])honini smiteiitiis.” Its merits arc its recognition 
oi the hcljih'Hsness of the old lieathenisin to satisfj’^ human 
as]uration after tho dniiu*, ami the impressive simiJicity 
with xvhieh it jireseuts the unfailing argument of the 
lives of Cliristians. 

Tho sludoiit may coiKmilt The Apology of Anstulrs^ Synac text 
and tiaiiHlation (J K. IIauuis), with an a])]uMi(lix containing 
the (Ireek text, 7V.Ws ami StuxiicXf i. 1 (1891), and a critical 
diHciission by K. ShKUKiui in Zahn’s Forsoh unycn^ v. 2 (189:i) ; 
also, liricf discussions by Haunack, AHchrisH. Littcratur^ i. 96 
(Jhrojwloyie, i, 271 /f., >\hero references to oilier iMilcrs may bo 

f'>wnd- (j \. n.) 

Arithmetic. iStv Numhek. 

Arison A. — A territory of the riiitcd States, lying 
on th(» south western border, between .*57“ and from 
to 3J"*5 N. bit., and J09" and from to 114'' 

W. long. ; and bouniled on the N. by Utah, on the K. 
by New Mexico, on the S. by Mexico, and on the W. 
by California and Nevada. It is traversed from the 
north-west to the south-east, a distance of alnmi 4.50 
miles, by mountain ranges of the Great Basin system 
which fonn the main axis of elevation. On the north- 
east «side, the great (.V)lorado Plateau, with an average 
elevation of fi’om GOOO to 8000 feet, stretches away into 
Ctah ifnd New Mexico. The southern margin of this 
plateau, marked by a line of cliffs, divides the head 
waters of the Colorado Chiquito from those of tlie Gila. 
The plateau is dominated in its middle soutliem jicrtion. 
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north of Williams and Flagstaff, by a series of extinct 
volcanic cones, reaching in San Francisco Mountain an 
altitude of nearly 13,000 feet, from which in late 
Tertiary time great floods of lava flowed, chiefly to the 
southward and westward, forming a protecting covering 
to the foundation of nearly horizontal sedimentary rocks 
through which, on the north side, the Colorado carved 
the Great Cafion. Southward and westward from the 
central mass of mountains the surface slojies away to the 
Gulf of California in a series of wide valleys, separate;]! 
by isolated mountain ranges, preserving a general paral- 
lelism in a north-west and south-east direction. Of tho 
a])])roximate total area of 113,000 square miles, about 

39.000 are below the altitude of .3000 feet; about 

27.000 are from 3000 to 5000 feet, and 47,000 are over 
5000 feet. The central mountain ranges are largely 
fonued of granitic, porjdiyritic, and other plutonic rocks 
in gn'At variety, including volcanic outflows and tufas. 
There are areas of Archaean gneiss and pro -Cambrian 
slates flanked by PaUeozoic formations, esjiecially by the 
Devonian and Carboniferous. Great Ixjds of Palaeozoic 
conglornerati' and breccias give evidence of continental 
areas, shallow oi'eans, and beaches in the earlier ages, wdth 
currents of great volume and power. WcH- marked 
horizons of the Devonian occur in the Santa Catalina and 
the Santa Bitas. Carboniferous limestones and sand- 
stones are wndely distributed in the southern isolated 
mountain ranges and are ui>lifted, flexed, and faulted. 
Beds of gra]>hitic coal with much ash and of little or no 
value for fuel have liecn found, and show tlie far w’est- 
w’ard extmision of tlie flora of the Coal Measures. Sand- 
stones of the Permian underlie a ])art of the lava f)f San 
Fnuieisco Mountain, and Mesozoic beds crop in many 
])lace8 towards tlie south and w’est. Fossil bones and 
tt‘eth of both thi' mammoth and the mastodon, and of a 
giant species of 7/ox, show that some at least of the large 
(jxtinct mammals roamed over the Pleistocene plains and 
valleys. 

Shut in on all sides from the ocean by mountain 
ranges and wride areas of land, Arizona is without rain 
for the greatc*r jiart of the year. The air is clear, and 
the rays of the unclouded sun have great ini-wer. At 
night thc‘ radiation is unobstructed and the temperature 
falls ra])idly. Owing to the extreme dryness of the air 
the evaporation from all moist surfaces is ra]>id, and tho 
high temperatures shown by the dry-bulb thermometer 
are less ojijiressive than much lower temjieratures in a 
humid atmos])here. Tht*ni is a short season of rain in 
the sjiring, and one in midsummer, and the accumulation 
of snow on the mountains in winter gives rise to springs, 
rivulets, and forest growth. 

The native ])lants, es])ecially upon the lower h*vols, 
are cliaracteristic of arid and semi-dasert regions. They 
are Sonoran nither tiian Californian in as^iect and grou])- 
ing. Altitudt', with its increasing moisture conditions and 
lower temperature, is a greater factor in the geographic 
distrilmtioii than latitude. Thorny shrubs, cactaceue, and 
yuccas abound on the ])lains, together with the mezquite 
and jjaloverde, wherever their deeply-extended r<X)ts can 
reach moisture or water. 'The Larrea Mexicana^ the ever- 
green shrub with aromatic glossy leaves and bright yellow 
flowers, is rarely absent and thrives under the most adverse 
conditions. Of Cacti there are no less than seventy-five 
species. The giant columnar cactus (Cerem giganims^ 
sometimes 40 feet high, is a striking object. Along the 
streams the cottonwood, sycamore, ash, willow, and 
waluut give verdure and shade. At an elevation of 
alx)ut 4000 feet oak trees ajipear in cafions and on the 
foot hills, giving the country the aspect of an artificial 
liark. In the Huachuca Mountains there are eleven 
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species of oak, most of them evergreen. At higher 
levels junipers, cedars, and cypress apjKsar and give place 
in the region of snow to firs and pines which crown the 
summits of most of the mountain attaining their 

greatest development and commercial importance on the 
Colorado plateau. This is known as the Coconino Forest, 
and is oue of the most extensive forest areas in the 
United States, a large i)art of which has Ijecn rescrvi^ 
by the Government. The trees are mostly tlie yellow 
[line (P/nns p<mdero8a\ and its varietal forms, the most 
witlely disseminated and most abundant tree of the mtonor 
forest area, and [iractically the only tree of commercial 
imi.K)rtance for lumber. It is estimated tliat the total 
quantity of pine lumlxjr lit for sawing within the limits 
of Arizona is not less than 8,000,000,000 feet JB.Al. The 
prineijial lumlier mills are at Flagstaff and Williams in 
Coconino county. 

The manufactures are few and of comijarativcly small 
value, excepting lumber. A large flouring mill has been I 
erected at Tucson, and there are also extensive railway 
repair shops, a foundry, and mining machinery [ilant. At 
Wuenix onyx marble is cut and polished by macliinory and 
Indian la>)^)ur. The Navajo and the Mo(|ui Indians make 
woollen blankets and rugs, and the Hinas baskets. 

There are four chief regions of valleys of great fertility 
esfieoially ada[»ted to agriculture : the Salt liiver Valley, 
the UpiKM’ Gila and its tributaries, the Lower Gila and 
the (kdorado, and the Santa Cruz. The Salt liiver 
V^alley ha^ omj of the largest known tracts of irrigable 
land in <jne body, estimatecl at 1,D0(),()()0 acres. Numer- 
ous irrigating canals have partly redeemed it from the 
desert-likt* condition to w'hich it relaiiseil aftei the 
disii]>]>eamnco of the ancient AzUhj population, it is a 
region of beautiful farms, gardens, and orchards. Alfalfa, 
the staple forage and hay crop, thrives luxuriantly, and 
as many as five cuttings a year are possible. In 1S1)8 
some .‘in, 000 cattle, fattened on alfalfa, were shijified 
from this valley. Corn, wheat, and barley are gr<»wm, 
but the reghni is ehieHy celebrated for its early crops ol 
citrus fruits, grapes, figs, dates, [Kmiegranatcs, and olives. 
The date-palm flourishes. The most desirable varieties 
have been introduced. Considerable promise attends the 
cultivation of the sugar-beet and the exjKjriments ujMin 
canaigie as a source of tannin. Excluding farms of 
Indians, there were in 1900, 4040 farms, containing 
1,891,985 acres (of which 12 per cent, were improved 
land), valued, with ini[)ruvemeuts, at .$13, 088, .550. Over 
72 [Hjr cent, of the total farm acreage in the territory and 
nearly 20 [>er cent, of the value of farm pro[jerty weie 
credited to 71 farms of 1000 acres or more each. In 1899 
there were 2052 farms devoted [irincijially to producing 
hay and grain, and 2343 to live stock. The average value 
of dll farms in the territory was $5148, and of [iroducts in 
1899 not fed to live stock, per farm, $1064. In 1900 
there were on farms and ranges 7,042,635 neat cattle, 
12.5,063 horses, 4077 mules, 4625 asses, 861,761 shee[), 
18,103 swine, and 98,403 goats. Of the ne>at cattle nearly 
98 [)er cent, and of the sheep nearly 100 [icr cent, were 
[lasturcd wholly or in i>ait upon the public domain. The 
value of all live stock was $15,4.58,717, or 15*7 [ler cent, 
of the total cajiital invested in agriculturo. It has Ixjeii 
estimated that Arizona is cafiable of maintaining 8,000,000 
liead of cattle, but in the [last an overstocking of the ranges 
has caused much loss and suffering, and the almost total 
eradication of the fine native giusses over extended areas. 
The total value of all faim crops in 1899 was .$2,474,296, 
of which the hay and forage crops amounted to $1,361,422. 
The total value of all farm products, including animals 
sold or slaughtered for food ($3,204,758), was $6,997,097. 
Of the tot^ improved land (227,890 acres) outside of 
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Indian reservations in 1899, 81 jier cent, was irrigated 
land; the total increase of irrigated land from 1890 to 
1900 was 119,575 acres. In 1899 there were i 192 miles 
of irrigation ditches, the construction cost which was 
$4,408,158, The raising of ostriches for their leathers is 
successful. 

The production of copper increased fnun 17,398 tons in 
1890 to 55,412 tons in 1898, and over 76,000 tons in 
1899. The chief centres of [iroduction are Bishee, .Tcrome, 
Clifton, and GIoIhi. Heveral gold-mines arc worked to a 
great de[)th. The produclion of gold and silver, chiefly 
gold, was approximately 84,.500,000 in value for 1899. 
Wolframite, an ore of tungsten, occurs in quantity and 
has been successfully worke<l. There are also valuable 
ores of molybdenum aiul vanadium. Quarries of onyx 
marble have been o[»ened, ami some line gems of [lernlot, 
garnet, and turquoise have lx;eii found. 

IVo transcontinental systc'ins of railways, tlu' Southern 
Pacific and the Santa Fe P.iciik*, traverse* llu* state fiom 
east to west, and are comiectcil from north to south b} 
beveml lines. There are in all 999 5 miles of raihva}, 
with an assessed valuation of ,$4 189,075.20 on which 
taxes are jiaid, and -151 milc.s of road ('\empt from 
taxation for a term of years. A standard gaugi- railway 
has been laid from Williams to the Gmiid (.anon. 

On 1st .July 1899 the county and city lunded indclited- 
ness w'as .$1,634,027.57, and tlie bonded del it oi the Terri- 
tory .$1,041,972.43. There aie live national bank.s with 
an aggregate capital of .$!()(), 000, deposits .‘‘^2,194,77.3; 
and seven territorial banks, cajutal .$219,700, <le[iosits 
$1,. 364,47.5, 

According to the census ol 1^90 the [lopulation was 
1 .59,620. In 1900 it W’as 122,212, showing an increase 
I for the decade of 62,592, or 101*9 [ler cent. Tiie iiiciease 
w*as due in part to tiie fact that tlieie w*cre 28,623 
Indians or other [lersons on Indian reservations in 1890, 
Imt not included in the general [lojiulation as shown by 
the census bulletins, llie average number of [)ersons [ler 
s(]uaie mile was 1*0 in 1900, as coiiqiared w*ith 0 5 in 
1890. 3'ho three princqial cities, Fhienix (the capital), 
Tucson, and IVt'scott, have resjiecthely 55 1 1, 7531, and 
3559 inliabitants. The Indian pr>))ulati(>n in 1890 was 
58,540. In 1899 the* number enrolled at the five Oovern- 
meiit agencies and under instruction was 39,714. Alaiiy 
friendly Pajiagot's in Papaguena are not included. Of 
the total 20,500 are upon the Navajo reservations, ami 
2641 at the llopi Huiblo. The Teintonal jirison, ]<X!ated 
at Yuma, had in 1898, 21 1 male piisoneis. 

The public-school system was established in 1871, and 
is modelled after that of California. There are primary^ 
grammar, and high schools, ami two normal schools, one at 
Temjxi in Alancopa county and one at Flagstaff. In 1900 
there w'ere 373 ti'achers, 251 women and 122 men, of 
w*hom 120 wen? graduates of normal schools; the total 
iiuiiiIh-T of enrolled students was 15,898, and the average 
daily attendance 9396. 33ie total ex]jendituie for the 
school year ending 30th .luue 1899 was $238,741. The 
Territorial Univeisity, including tlie School of Mines and 
the laboratories of the Agricultural Exiieriinent Station, 
w*as established at Tucson in 1885 and was oiiened in 
Octol^er 1891. IL has about 20 [irofessors and instructors, 
and from 1 40 to 1 50 students. It is well equqiped for 
instruction and investigation, and is sustained chiefly by 
the M^rrllJ and Hatch funds amounting to about $45,000 
annually. A school for Indians at Pineiiix, aiid^onc at 
iSan Carlos, are sustained by the Unit(?(i States. One at 
Tucson, w'itli an average of 150 boys and girls, is sup- 
ported l)y the Hesbyteriau Home Mission. There are 53 
or more new\spaijers ; 11 daily and 42 weekly, including 
3 published in Simnish. There is an imiK)rtant and well- 
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selected reference library at the university. The Carnegie 
Library building, under construction, will receive the 
valuable Territorial Library collection of some thousands 
of volumes. 

The Territorial Assembly meets biennially. A new 
Capitol of granite and white tufa has been erected at a 
cost of about $150,000. There have been fourteen dif- 
ferent governors Iwjtween 1863 and 1900. There are four 
judicial districts, in which court is held twice a year. 
One chief justice and four associates are appointed by the 
president. 

The early SnanUli colonists of Mexico were incited to the 
exploration ana settlement of the region by the reports of its 
wealth ot precious metals and precious stones. In lfiS9 Padre 
Marco do Nizu ]m8sed through the valley of the Santa Cruz, and 
was followx'd ill 1540 by Coronado. A mission was established at 
Ouevaiz, south of Tucson, in 1687, and thirty-three years later there 
were nine missions within the limits of the territory now known 
as Arizona. The converts were mostly from the Pima tribe, and 
after baptism were called Papago. New Mexico, which included 
111! of Arizona north of the Gila river, w'as ceded to the United 
States in 1848. The strip of country soutli of the Gilu, known os 
the Gadsden Purchase, was acquired in 1853. Arizona was set ol!‘ 
from New Mexico and organized as a territory in 1863. 

See Uamilton. Resources of Anzoiuit 3d edit. 1884. — Report 
of the Governor of AHzoiia to the Secretary of the liderior^ 1899. 
For Grand Caiion : Durrov. Tertiary llistory of the Graiui 
t Uflon JHstrieff 1882. U.S. Gcol. Sur. — Powell. Kxploratiou 
of the Colorado River, 1875. Cattle Indttitry: Cameron. Report 
Gow Arizona. 1896. Agriculture and Horticulture: Tuumey. 
Report Gov, Arizona, 1898, (w. r. B.) 

ArkftnSIMi one of the Southern States of the 
American Union, situated between 36“ 30' and 33** N. 
lat., and 89“ 49' and 94“ 30' W. long., and bounded on 
the W, by the Mississippi, on the S. by Louisiana, on the 
K. by Texas and Indian Territory, and on tlui N. by 
Missouri. Before 1875, because of the nature of its 
physical features — being swampy in the lowlands, every- 
where covered with forests, and mountainous in the north- 
west — and liecause, too, of tlie political conditions after 
the Civil War, Arkansas attracted but little of the 
great stream of immigration that had peopled the Hat 
lands to the north and the prairies to the south. The 
main development of tlie state dates from 1890, If a 
line be drawn from where the Black Kiver cuts the 
northern boundary to where the Bed cuts the western, east 
of it will lie tlie lowlands and forests, and to the west will 
lie the mountains. North of the Arkansas river, in the 
region of the Boston mountains and the Ozarks, the 
country is very broken. Tlie general elevation of the 
land is between 800 and 1200 feet above siia-level ; the 
mountains are scattered in broken ridges and spurs as if 
Hung from a gigantic hand, and there are few peaks of 
imposing height, the loftiest being Boat Mountain and 
Lt).st Mountain, each 2200 feet above sea-level, »South of 
tlu% Arkansas, the mountains lie in long high ranges east 
and west, separated by low’ fertile valleys, and at times 
rising into line and im}>osLng peaks. Magazine Mountain, 
2823 feet above sea - level and 2350 feet above the 
surrounding country, is the loftiest jioiut between the 
Alleghanies and Bockies, and in beauty and grandeur sur- 
passes the famous Lookout. Blue Mountain, 2800 feet, 
and Mt. Mena (Bicli Mountain), 2750 feet, each rises 
2100 feet over its valley. The state is well watered, and 
there are 3000 miles of navigable rivers. Locks have been 
constricted on White Kiver, a hne stream, navigable 300 
miles of its length. Tn its jiassage througli the mountains 
White River may be compared with the Iludson for beauty 
of scenery. Its name it takes from the clearness of its 
w’aters, which it remarkably preseiw’es through the alluvial 
Linds even to its mouth. 
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The mineral history of the state may be dated from 
1887, when the larger operations in coal began. The coal 
area covers 9100 square miles in the western part of the 
state, and extends into the Indian Territory over 20,000 
square miles. Its quality is semi-anthracite and semi- 
bituminous, and, being hard and smokeless, is valuable for 
domestic and steam uses. From an output of 129,000 
short tons in 1887, the production h^ swollen to 
1,173,804 tons in 1898. The development is very rapid : 
in 1901 the daily output was about 10,000 short tons, 
%vith an employment of 3920 miners. The production 
from the a^acent coal - fields of the Indian Territory 
about doubles that of Arkansas. In the northern part 
of the state 2199 square miles of lead and zinc fields have 
been o|>ened, the zinc fields undoubtedly constituting one 
of the richest deposits in the world. Between 1888 and 
1892 Prof. John C. Branner made an exhaustive geolo- 
gical survey, the results of which have been published by 
the state ; and his account of the location, extent, and 
economic value of mineral deposits has, in several in- 
stances, led to their practical development. His reports 
show that one of the most valuable deposits of manganese 
in North America^* lies in the north-east, that ])ayablo 
quantities of iron are found in the same sectibn, that 
4450 square miles of marble equal to the l>est Tennessee 
varieties are situated in the north, that limestone valuable 
for lime is to be had in inexhaustible quantities, that 
granites superior to any known exist near Little Hock, 
that the finest novaeulites and whetstones yet found are 
in abundance in the southern mountains, that antimony 
and bauxites are found in abundance, that clays and 
kaolin fit for manufacture of the best grade of porcelain 
exist in groat quantities in the south central portion, and 
that the greensand, gypsum, and chalk marls in the south, 
if properly utilized, “ will be of more value to the state 
than all the gold dug witliin the bounds of California has 
been to that state.*’ A large deposit of true chalk 
has been utilized by a company which produces Portland 
cement. Gold and silver are also to be found, but not in 
extensive or valuable (luantities. 

The alluvial bottoms are exceedingly pnxluctive, and 
the soil and climate of the higher regions are peculiarly 
adapted to fruit-growing. The chief staple is cotton, lii 
1899, 1,726,000 acres produced 770,000 bales, valued at 
$30,800,000. In 1897, 922,000 were raised, and the 
crop of 1900, with an acreage of 1,899,000, was estimated 
at over 900,000 bales, valu^ at $35,000,000. Other agri- 
cultural products, ill order of value, are corn, oats, w'heat, 
rye, hay, millet, fruits (particularly apples, berries, and 
IH^aches), |X)tatoes, field jieas, sugar-cane, serghum, broom 
corn, and rice. It is estimated that in 1898 the fruit 
and vegetable shipments were as follows : — Apples, 2400 
carloads; berries, 1000 ; peaches, 500 ; and potatoes, 1200 
carloads. The fruit is of finest quality, especially tho 
apides, to which tho first ])rize has been awarded in 
every coinjietition since 1885, including the World's Fair 
in 1893 at Chicago. Lumber has been extensively cut, 
and in 1898 the shipments amounted to over 50,000 car- 
loads. The annual output of forest products is valued at 
over $20,000,000. The forests cover over 25,000,000 acres. 

There are 54 railways (including branches and leased 
lines worked under distinct names), with a total of 3052 
miles, and an assessed value of $24,051,139. Tho 
principal systems are the St. Louis, Iron Mountain, and 
Southern, which with branches and leased lines has 1059 
miles ; the St Louis South-Western, 412 ; the Choctaw 
and Memphis, 282; the ^nsas City, Fort Scott, and 
Memphis, 162 ; the Kansas City Southern, 153; and tho 
St Louis and San Francisco, 108. The total assessed 
value of real estate in 1899 was $127,062,908 ; of 
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jierHonal property, $62,936,142 ; total, $189,999,050. 
He rate of taxation for state purposes was 2J mills for 
general revenue, 2 mills for common schools, 1 mill for 
sinking fund, and J of a mill for i)ension8; total, 5^ 
mills. The constitution limits taxation hy the state to 
10 mills, and by counties for county puqwses to 5 mills. 
The statutes limit taxation for city purposes to 6 mills, 
and for schools to 5 mills. The annual general expenses 
of the state government average about $500,000. The 
total r( 3 venue from all sources in 1897 was $2,229,682. 

• The growth in population is shown by the following 
table : — 


Yeur. 

hites. 


'J'otttl 1 

1870 

362,115 

122,109 

484,471 

1880 

S01,S31 

210,666 

802,52.1 

1890 

818,752 

309,117 i 

1.128,179 

1900 

944,580 

366,850 

1,811,436 


The increase for the last decade of the 19th century was 
16*25 per cent. The total land surface is approximately 
53,045 square miles, and the average number of persons 
to the square mile was, therefore, 24*73 in 1900, as 
•compared with 21*27 ten years earlier. Of the cities or 
towns in the state nineteen had in 1900 a population 
in excess of 2000, and five in excess of 5000. These 
five were Little Rock wuth 38,307, Fort Smith with 
11,587, Pine Bluff with 11,496, Hot Springs with 9973, 
and Helena with 5550. The blacks are confined to the 
eastern part of the state; slavery never penetrated the 
mountainous portion, and the conditions there more 
nearly resemble those of Missouri than of the Clulf 
States. 

The common school system is well developed; the 
number of school-houses in 1898 was 4926 ; the value of 
school properties was $2,294,396. The scholastic popula- 
tion in 1898 was 336,168 whites and 129,397 blacks; 
total, 465,565. The total enrolment in 1898 was 
224,247 whites and 79,561 blac;k8 ; total, 303,808. The 
state supports an agricultural and industrial university at 
Fayetteville. A numlwr of sectarian and private colleges 
and acvademies have been established. Tn 1898 there 
v’ere in all eight institutions for higher education, all co- 
•etlucational ; the students, including those in the pre- 
paratory de|)artment8, numbered 1072 men and 564 
woirusn ; the teachers, 78 men and 30 women. There were 
22,708 volumes in the libraries. The state supi3orts a 
lunatic asylum, a blind school, and a deaf mute institute 
at Little Hock. 

In 1 900 there were 7 national banks, with a capital of 
$1,070,000 ; 104 state banks, with a capital and surplus 
•of $3,855,761 ; 6 private banks, with a (aijubil and 
surplus of $196,291 ; and 2 loan and trust companies, 
with capital and sur])lus of $79,000. 

There were 3791 church edifices, and the church 
projHJrty was valued at $3,266,663. The communicants 
or members numbered 296,208, of whom 128,724 were 
Paptists, 123,316 Methodists, 18,022 Presbyterians, and 
14,385 Disciples of Christ. 

After the Reconstruction Act of 18C7, all offices, state and 
county, fell into the hands of “carpet-baggers,” who inaugurated 
a reign rd force and corruption. The native whites, practically 
disfranchised, fell under a rule of strangers, l»ased on a suffrage 
conferred on their former slaves. In political self-dclouco, they 
responded with force and with frauds against the ballot. Secret 
societies were formed, such as the Ku Klux Klan on the one side, 
and the Brothers of Freedom on the other. The reconstruction 
governor organized a militin and declared martial law in several 
^ounties, but this only aggravated the mischief. In 1873, the 
“regular” Republicans elected Rlisha Baxter as governor over 

^ Including Tiuhans and Cliinese. 
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Joseph Brooks, the nominee of the reform Republicans. The 
Democrats had no candidate, but siipjiorted Brooks. Govenior 
Baxter, by an honest and just conduct of the aduiinistratioii, soon 
alienated the affections of the “regular” Republicans who had 
elected him. Deserting him, they joined Brooks in a legal contest 
fbr the office. The Republican Court, in which the contest was 
filed on 15th April 1874, entered judgment for Brooks in the 
absence of Baxter and without notice. Brooks in person, accom- 
panied by a guard, went to the State House, ousted Baxter, and 
ontrencliM himself there. The Democrats, espousing Baxters 
cause, flew to arms. The turmoil that followed is known as the 
Brooks-Baxter War The matter was referred to th® President, 
and the attorney-general delivert*d an opinion favourable to 
Baxter. On 15th May the President issued u proclamation de* 
daring him entitled to the office, and ordering tlie Brooks forces 
to disperse. Since then, the state has been in the hands of the 
Democrat party. (K. K. b.) 

Arkansas Oitygacityof Cowlcy county, KaiisaH, 
r.S.A., situatod in 37 04' X. lat. and 97’ 03' \v. long., 
near the aoutheru boundary of the state, on the north bank 
of the Arkansas, at an altitude of 1073 feet. Its site is 
a level bottom land, and its streets are laid out nceording 
to a regular plan. It is a sui»i>ly point for a rich agricul- 
tural region and is entered by four lines of lailway, the 
Atchison, Topeka, and Hanta Fe , the Missouri Pacific , the 
St Louis and San Francisco; and tlie Kansas South-Western 
railways. Population (1900), 6140. 

Arkhang'Slsk, 01 ARruANOKi., a govemnumt of 
N. Russia, on the Arctit. OeeAn. Area, 331,505 sq. miles. 
Population (1897), 347,589. The iH*ninsula of Kola, as 
also the islands Kolguev, Vaigach, and No\aya Zemlyu, 
Ixilong to it. In 1899, 170,540 acres weie under ceieiils. 
Forests cover nearly one-half of the total area, and ])rovide 
hunting, as well as an o])|>ortunity foi varioins important 
industries connected with w^ood (timber, juteh, and tar, 
etc.). Cattle-breeding is at a low stage ; but there were 
m 1897, 42,600 horses, 105,760 cattle, and 125,000 sheep, 
and the race of Kholmogory cows is kept in high repute. 
The coasting trade between the town of Arkhangelsk and 
the Munaan or Norman coast and St Petersburg has 
lately l^en on the increase, but the value ot foreign ex- 
jiorts lias declined (£1,234,390 in 1874, and £833,823 
in 1898 ; imports, £130,000). Archangel is divided into 
ten districts, of which the chief towns are — Arkhangelsk 
(population, 20,933 in 1897), now connected by a railway 
(525 miles) with Yaroslavl; Kern (1825), Kola (615); 
Kholmogory (1465) ; Mezen (2040) ; Onega, (2700) ; Ust 
Tzylma, in Pechora district; Pinega (1000); and Shen- 
kiirsk (1308). A new military harbour has Ix^en established 
on the Muniian coast at Alexandrov sk, in the unfi'eezing 
P^katerininskaya Bay. 

ArkiOWp a maritime tow’ii in the county of Wicklow, 
Ireland, 50 miles south of Dublin by rail. In 1882 an 
Act was passed providing for tlie improvement of the 
harbour and for thi‘ appointnieut of harbour eommissioners. 
The town hall and the new Piotestiint church (1899) w'cre 
both the gift of the Earl of Caiysfort. CJordite works 
liave recently Wen establishi'd. The number of vessels 
registered in the fishing district in 1898 was 170, 
employing 808 men and boys. Population, 4172. 

Arlington, (i) a town of Middlesex county, in 
eastern Massachusetts, U.S.A., traversed by the Ikwton 
and Maine railway; known until 1867 as West Cam- 
bridge. Population (1900), 8603. (2) A soldiers* 

cemetery under the control of the ILS. (Jov’erniiient, 
situaUnl in northern Virginia, in Alexandria county, on 
the blufis of the south bank of the Potomac, opposite 
the city of Washington. Sixteen thousand victims 
of the Civil War, among them numerous prominent 
officers, including General Sheridan, arc buried here. 
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The placo was formerly the estate of the Leo family, and 
was confiscated by the Government, the family finally ! 
receiving payment for it. The grounds are beautifully ' 
laid out, and the old Leo mansion remains unchanged. 

AriYlAg^hp an inland county of Ireland, province of 
Ulster, bounded on the N. by Lough Neagh, on tho K. 
by Down, on the IS. by Louth, and on the W. by Monaglian 
and Tyrone. 


r 


PopulaUm. — The aiea of the adiniiiiht lativi; county in 1899 was 
ul2,659 acies, ot which 182,269 w'ere tillage, 141,4r>.'i msture, 514 
tallow', 8111 ijlantation, 6li6 turl hog, 2498 mai’sh, 7478 liarren 
niouniaLii, and 18,898 w'ater, roads, fenues, &e. The new adminis- 
trative f'lunty under tin* Jjocal (-iovcinineul (Iieland) Act, 1898, 
does n«»t include tho |»oiUon ul the town ol Newry, lormerly 
situated in Aimagh. roiiulutioii (1881), 168,177 ; (1891), 118,289 ; 
(1901 ', 12.0,288, of whom 09,687 w(Me mules and 60,0.01 females, 
dividcil as IdllowH among tlie dilleieid religious seets : ' Roman 
Oatliolies, 0<>,707 ; Protestant E|iiseoj)aliauH,40,808 ; Presliyteiiaus, 
20,029; Methodists, 5066; and other denomiiiatirms, 2088. The 
deerease of poimlatiou between 1881 and 1891 was 12 19 jku cent, 
and betw'eeii 1891 and 1901 it was 9*2 jier cent. Ot tlie total 
jwipulation in 1891, 107,180 Uirsoiis inhabited the niial distinds, an 
avei.ige ol 255 pei-sous to eatm wiiiaie mile undei eiojis and pastuit*. 
Kdacittion. — The following talile gives the degree ol education in 


1 Honies 
j and 
, MuleM. 

Asses. , Cattle. 

Sheep. 

Pigs. 

Goats. 

1 

Poultry 1 

18R1 1 13.088 

1801 1 14,000 

1805 ! 15,307 ‘ 
1800 1 14,001 

2124 ' 77,008 

2459 ! 88,524 
2332 1 86,337 
2304 1 88,743 

8,970 

25,216 

18,674 

21,093 

21,888 

81,442 

27,067 

26,960 

9,250 
10,586 
9,216 ! 
8,580 1 

890.256 1 
470,678 
540,009 ! 
616,914 1 
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In 1881 the iMMecntagc of illiterates among Ibmian Catludics w.is 
82*6. In 1891 tlicre W’eU( 19 bU]ienoi sijIukjIs w'ltli 428 pupils (188 
Homan Oatholn-s and 295 Protestants), and 290 puinaiy sehools 
witli 20,655 ])UpiIs (8996 Roman Catholus and 11,6.59 Piotestants). 
Tlie number ot pupils on the Kdls of the national sehools on 80tii 
Heptenil»ei 18Ji9 was 21,882, ol whom 10,79.) weie Roman Catholics 
and 18,5.17 Jhotestaiits. 

Tli»‘ iollowing table gnes Uic numbei ol bn tbs, deaths, and 
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\ C'U 

1 UiiUi^ 

hi‘Uths 

Mm 1 

IKM 

' 4S71 

•i665 

9.S2 

KV.II 

1 uw9 1 

25»26 

691 

IS99 

2S 12 

2 ISO i 

6S.‘{ 


III 1899 the biitli-iatc pci 10((0 was 20 6, ami the dcath''iute 
18-0 ; the late ol iIleplniuKW was 8*5 |icr eeiit. ol the total births. 
The total number of emigrants wlio lelt the eount\ bitweeii Isi 
May 1851 ami 81st Decembci 1899 was 9.8,620, of wiiom 52,889 
w'ero males and 1 1,281 females. The iollowing are the ehief towns 
in tlie eoiiiiU, with tlmii ]M»pulations in 1901 Aimagh, 7569; 
biirgan, 1 1,777 ; I’oitadow'ii, 10,046. A portion ol tlie boiougli ol 
NewTy was loimeily m Armagh, Init in 1898 it was added to 
Down. 

/h/nmnsfrtition — The countv is divided into tliiee pailiamentaiy 
divisions, iioiLIi, middle, amf south, the numbei ol i(*gisteie(l 

eleetors m ' -- - 

Th(' rateable 

tiieiil (lieliuid) Aet, 1898, the fiscal and adiniui8tniti\e duties of 
the gi.iud .luiyand (to a less cvtentlol other bodies were translenet I 
to a eounty council, urban and rural district councils w(we estab- 
lished, and undei that Aet the county now comprises four uibaii 
and live luial .sauitaiv distiuls 

Agneu/hnr — Tlu^ Iollowing tables show the aereagi^ under crops, 
including meadow and clover, and the ainountof live st<»ck in 1881, 
1891, 1S95, and 1899 Tin liguies for 1899 are lor the new ad- 
miiiisti iliv( coimtv 


Tho number of milch cows in 1891 was 31,311, and in 1899, 
30,848. It is estimated that the total value of cattle, sheep, ami 
pigs in 1899 was i:i, 158,077. In 1899 the number of holdings not 
exceeding 1 acre w’as 1690 ; bctw'ceu 1 and 5, 3735 ; betaveen 5 and 
15, 8866 ; between 1,5 and 80, 4884 ; between 30 and 60, 1401 
between 60 and 100, 582 ; betw'oen 100 and 200, 96 j bctw'eeu 200 
and 500, 20; and above 500, only 1 — total 20,168. The number 
of loans issued (the niunbnr of tenants being the same as the num- 
bc*i‘ of loans) under the baud Purchase Acts, 1885, 1891, and 1896, 
up to 8lHt Maicli 1900, was 1860, amounting to £887,101. The 
iiumlier ol loans sanctioned for agricultural imniovenients under 
sect. 81 of the Land Act, 1881, betw(*eii 1882 nnti 1900 W'os 99, and 
the amount issued, £5208, the smallest amount issued in any Irish 
county. The total amount issued on loan for all classes of w'orks 
under the Land Improvement Acts from the commencement of 
o|)eration8 to 3lHt Maiidi 1900 was £22,308, also the smallest 
amount issued in any lush county. ^W. n. po) 

AriYIftSfhp a city in tllt^ above county, 64 miles N. 
of Dublin, and 30 S.W. of Jkdfast by rail. It ceased to 
be a parliamentary borough in 1885. Tho corporation 
' was abolished in 1841, and the administration siiico 1898 
I has been in the hands of an urban district council. The 
i Oallan, which ilows into the Blackwater, passes near the 
town, and the Ulsttn* Canal is within 4 miles. There are 
fr(‘(jueni markets and a fair once a mouth. Populatioii 
I (1881), 10,070; (1891), 7438; (1901), 7569. 

i Armavir. l\vo ] daces of this name must lie meii- 
tionoil. (1) The ruins of the old capital of Armenia, on 
the 8. hi. sloiM' of thi^ extinct videano Ala-ghbz, built by 
Armais, a grandson of IJaik, in 1980 n.('. and the capital 
of the Armenian kings till the 2nd century a.D. Now 
a small village, Tapadibi, occujnes its seat. (2) A district 
town of Russia, Northern Caucasia, proviii(*e of Kuban, on 
Kulian riv(T, and on the main line ol the Caiurasian liail- 
way, 40 miles by rail west of Stavro])ol, built in 1848 for 
th(5 settR'iiiciit of Armenian mountaineers, and now a well- 
built, growing town with 8000 inhabitants, the merchants 
of which carry on a lively trade. 


A r m 0 n I a (old Persian Armina^ Armenian 
Uayiwlmi^ or JJaIkh) is the iiopiilar name of a district 
south of the Caucasus and Black Sea, which formed part 
of the old Armenian kingdom. The name, which first 
occurs in the eiineirorm inscriptions of Darius Hystaspis, 
supplaiitetl the earlier Urardhu, or Ararat, but its origin 
is unknown. Jn its widest extent Ariiionia stretched from 
37" to 49" K. longitude, and from 37^“ to 41 J" N. lati- 
1900 being ie.speetivcly 10,111, 7868, amf 7152. | tude ; but this area w'as never, or only for a brief period, 
value 111 1900 was £180,162. By tlie bocal^Goveiii- | muted under one king. Armenia is now divided lietweeii 

Tersia, Russia, and Turkey, and the three boundaries 
Iwive a common point on Little Ararat. 

Geographically, Aimeiiia is a continuation westw'ard of 
the groat Iranian jilateau. On the north it descends 
abruptly to the Black Sea ; on the south it breaks dow^n in 
rugged ten-aces to tho lowlands of Mosojiotamia; and on the 
east and west it sinks more gradually to the lower plateaux 
of Persia and Asia Minor. Above the general 
level of the plateau, 6000 feet, rise bare ranges 
of mountains, which run from north-east to 
south-west at an altitude of 8000-12,000 foot, 
and culminate in Ararat, 17,100 feet. Between 
tho ranges are broad elevated valleys, through 
- - which the rivers of the plateau flow befoi-e enter- 
ing tho rugged gorges that convey their waters to lower 
levels. Geologically, Armenia consists of archaic rocks 
upon which, towards the north, are superimposed Paheozoic, 
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46,172 
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lor 1899 tho total \alu(' of th(3 coroal aud other crops w-as 
oatimatfd by the licgistiar-dciieial at £866,848. Tho luuuber of 
aoroa uiulor jMisturo in 1881 was 112,655 ; in 1891, 126,130 ; aud in 
1899, 141 15.5. 
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and towards the south later sedimentary rocks. The last Moslems, 4,453,250, or 74 per coni). In the first five 
have been pierced by volcanic outbursts that extend south* viUyets, which contain most of the? Annenians, the poj)u- 
ward to Lake Van. Amongst the higher mountains are lation was 2,042,000 (Annenians, 033,250, or 24 p(‘r cent; 
the two Ararats ; Ala-geuz Dagh, north of the Aras ; Bin- other Christians, 179,S75, or 7 per cent; and Moslems, 
geul Dagh, south of Erzeriim ; and the jieaks near Tjake 1,828,875, or 69 ficr cent) ; and in tlie seven Arinenian 
Van. The rivers are the Euphrates, Tigris, Aras, Choruk * kazas the population was 282,375 (Ariinmians, 184,875, oi 
Su, and Kelkit Irmak, all rising on the plateau. The 65 per cent ; other Cliristkns, 1000, or 0-3 per cent ; and 
more important lakes are Van, 5100 feet, about twice the Moslems, 96,500, or 34*7 j^er cent). In 1897 there, wcio 
size of the Lake of Geneva, and Urmia, 4000 foot, both 970,656 Armenians in l{us.sia, of w’hoin 827,r»3I wen 
, salt; Qokcha or Sevan, 5870 feet, discharging into the living in the provinces of J^h*ivan, Eliziihctiipol, and Tiflis 
* Aras; and Chaldir, into the Kars Chai. The aspect of the liisttyrp, — The history of Armenia has lieeii largely in- 

plateau is dreary and monotonous. The valleys are wide fiuenced by its physical foatim*s. The isolation ol the 
expanses of arable land, and the hills are for the most valleys, esiK^cially in wintc'r, encouraged a tendency to 
part grass-covered and treeless. But the gorges of the i sefiaration, which invariably showed itself hen flic central 
Euphrates and Tigris, and their tributaries, cannot Iks I power was weak. The rugged mountains have a]wa}.H 
surpassed in wildness and grandeur. The cllinato is | lieon the home ot hardy mountaineers jm])atioiit of control, 
varied. In the higher districts the winter is long and the \ and the sanctuary to which the lowlamlers fil'd f(»r safety 
cold severe ; whilst the summer is short, dry, and hot. In m times of invasion. Tlu* country stands as an open 
Erzeriim the temiHsraturo ranges from 22" to 84“ F., and doorway lietwocn tlie ca^t and tli(‘ wc.st 3’lirougli its 
snow sometimes falls in June. In the valley of the Aras, long valleys run the loads thiit couiu'ct the Iniuiau 
and in the western and 
southern districts, the 
climate is more moder- 
ate. Most of tho towns 
lie high, from 4000 to 
6000 feet. The villages 
are usually built on 
gentle slopes, in which 
the houses are partially 
excavated as a protec- 
tion against the severity 
of the weather. Many 
of the early towns wore 
on or near the Araxes, 
and amongst their ruins 
am the remains of 
churches which throw 
light on tho history of 
Christian architecture 
in the (*Ast. Armenia 
is rich in mineral wealth, 
and there are many 
hot and cold mineral 



sjiriugs. The vegetation 

varies ac(!ording to the locality. Cereals and hardy fruits 
grow on the higher ground, whilst rice is cultivated in the 
hot, well-watered valley of the Araxes. The summer is so 
hot that the vino grows at much higher altitudes than it 
does in Western Europe, and the cotton tree and all southern 
fruit trees are cultivated in the doo]Mir valleys. On the 
fine jxasturo lands which now su])i»ort the flocks of the 
Kiu'ds, the horses and mules, so celebrated in ancient 
times, wore roared. Trout are found in the rivers, and a 
small herring in Lake Van. 

Population , — Accurate statistics cannot be obtained ; 
but it is estimated that in tho nine viUyets, w'hich include 
Turkish Armenia, there are 925,000 Gnjgorian, Roman 
Githolic, and iSrotestant Armenians, 645,000 other 
(Christians, 100,000 .lews, Gypsies, &c,, and 4,460,000 
Moslems. The Armenians, taking tho most favourable 
estimate, are in a majority in nine kazas or sub-districts 
only (seven near Van, and two near Mflsh) out of 159. 
In Russian Armenia there am 960,000 Armenians, and 
in Persian Annenia 130,000. According to an estimate 
made by General Zelenyi for the Caucasus Geographical 
Society {Zaptski^ vol. xviii., Tiflis, 1 896, with map), the 
population of the nine Turkish vilAyets, Erzeriim, Van, 
Bitlis, Kharpiit, Diarbekr, Sivas, Aleppo, Adana, and 
Trobizond, was 6,000,000 (Armenians, 913,875, or 15 jxjr 
cent; other Christians, 632,875, or 11 per cent; and 
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])iatean wdth tlic fertile lands and jiroteotod Larliours of 
A.sia Minor, ami for its possession nations have contended 
from th(i remoU'st ]»ast 

The early history ol Ariuenia, more rir less mythical, 
IS jiartly liased on traditions of the Biainian kings (see 
Auvbat), and is intcrv^o\en with tlie Bible narrative, of 
wdiich a knovslodge was jiossibly obtained from captive 
.lews settled in tht* country by Assyrian and Babylonian 
iiionarchs. The legcndar^> kings are but faint echoes of 
the kings of Biaiiias , the story of Semiramis and Am 
is but another form of the myth of Venus and Adonis . 
and tradition has clothed Tigram's, the reputed friend 
of (Jynis, with the transient glory of the opponent of 
Lueullus. The fall of th(; Biainian kingdom, jierhaps 
overthrown by (^yaxares, was apjiarently soon followed by 
an immigmtion of Aryan ( Medo-Persian) races, including 
tho progenitors of the Armenians. But they spread 
slowly, for the “Ten Thousand,” when crossing the 
plateau to Trebizond, 401-400 b.c., met no Armenians 
after leaving the villages four days’ inarch bt^ond the 
Teleboas, now Kam Su. Under th<j Modes andj^ersians 
Armenia was a satrapy governed by a member of the 
reigning family ; and after the battle of Arbela, a » ^ 
331 B.C., it was ruled by Persian governors 
appointed by Alexander and his successors. 

Ardvates, 317-284 b.c., freed himself from Seleucid control; 

S. T. ~ 8o 
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and after the defeat of Antiochus the Great by the 
Romans, 190 b.c., Artaxias (Ardashos), and Zadriades, 
the governors of Annenia Major and Armenia Minor, 
became inde]iendcnt kings, with the concurrence of Rome. 
Artaxias established liis capital at Artaxata on the Araxes, 
and his most celebrated successor was Tigraucs (Dikran), 
94-56 B.C., the son-in-law of Mithradat(;s. Tigranes 
founded a new capital, Tigranocerta, in Northern Meso- 
potamia, which he modulkal on Nineveh and Babylon, 
and jK3oplod with Greek and other captives. Here, and 
at Antioch, ho played the part of “great-king” in Asia 
until his refusal to surrender his father-in-law involved 
him in war with Rome. Defeated, 69 b.c., by Lucullus 
Iwneath the walls of his capital, ho surrendered his con- 
quests to Porni^ey, 66 B.C., who had driven Mitliradates 
across the Phasis, and was })ermittcd to hold Armenia as 
a vassal state of Rome. The cam^migns of Lucullus and 
]\)iii{K?y brought Rome into delicate relations with Parthia. 
Armenia, although politically dependent upon Rome, was 
jxmnected with Parthia by geographical |K)sition, a common 
language and faith, internwirriage, and similarity of anns 
and dress. It had never boon Hellenized, as the jirovinces 
of Asia Minor had been; the Roman provincial system was 
never ajiplied to it ; and the policy of Rome towards it was 
never consistent. The country became the field ujion 
whicli the East and the West contended for mastery, and 
the struggle ended for a time in the partition of Armenia, 
A.o. 587, between Rome and Persia. The Roman portion 
was soon added to the Dioci^sis Pontica. The Persian 
portion, Pers- Armenia, remained a vassal state under an 
Ar.vicnl i»rince until 428. It was afterwards governed by 
J^ersiau and Armenian noblemen selected by th(^ “groat- 
king,” and entitled iimrzham. Before the jiartition, Tiri- 
(latos, converted by 8t. Gregory, “ the Illuminator,” had 
(‘stablislied Christianity as the religion of the state, and 
s *t an exaiiqiKs followivl lat(*r by Constantine. Alter the* 
])artition, the invention of the Arnwuiian alphaliet, and th(' 
translation of the Bible into the vernacular, 410, dn^w the 
Armenians together, and tlio discontinuance of (xreek in the 
Jloly Offices relaxed the e<5cl(\siasticul de|KUi(lencc on Con- 
stantinople, which ceiistid entirely when the J’atriarch, 491, 
refused to acco])t the decrees of the Council of Chalcedon. 
The rule of the numhaiia was marked b> relentless jMn- 
secution of the Christians, lorced conversions to Magisni, 
frequent insurrections, and the rise to iiiqiortance of th(' 
great families founded men of Assyrian, Parthian, 
Persian, Syrian, and tie wish origin, and in some cases oi 
royal blood, who had l)een g(»veriiors of districts, or 
holders of fiefs under the Arsacids. Amongst the 
//MrzlHins were Jewish Bagratids and Persian Manie- 
gonians; and one of the latter family, Vartan, made 
himself independent (571-578), with Byzantine aid. ]n 
032 the victories of Heraclius restored Armenia to the 
Byzantines ; but the war that followed the Amb invasion, 
636, left the country iii the hands of the khah'ts, who si*t 
over it Arab anil Armenian governors (ostikam). One of 
the governors, the- Bagratid Ashod I., was crowmed king 
of Armenia by the khuHf Mutaniid, 885, and founded a 
dynasty which ended with Kagig JI. in 1079, A littli* 
later the Ardzrunian Kagig, governor of Vaspuragan or 
\’an, was crowned king of that province by the khalif 
Muktadir, 908, and his descendants ruled at Van and 
Sivas until 1080. The Bagratids founded dynasties at 
Kars, 962-1080, and in Georgia, which they held until its 
absorptio^i, 1801, by Russia. From 984 to 1085 the 
country from Diarls^kr to Melasgerd was niled, under the 
suzerainty first of Anibs, then of Jlyzantines and 8el(ji^ks, by 
the Mervanid dynasty of Kiirds, called princes of Abahuni 
(’AiTttxovv^s). The Arab invasion drove many Annenian 
noblemen to Constantinople, whens they inter-married 


with the old Roman families or became soldiers of fortune. 
Artavasdes, an Arsacid, usuriied the Byzantine throne for 
two years; Loo V., an Ardzrunian, and John Zimiskes, 
became emperors; whilst Manuel, the Mamegonian, and 
others were amongst the best generals of the empire. In 
991, and again in 1021, Basil II. invaded Armenia, and 
in the latter year Senekherim, king of Vaspuragan, ex- 
changed his kingdom for Sivas and its territory, where he 
settl^ down with many Armenian emigrants. BasiPs 
|K)licy was to make the groat Annenian fortresses, • 
garrisoned by imperial troops, the first lino of defence on 
his eastern frontier; but it failed in the hands of his 
feeble successors, who thought more of converting heretical 
Armenia than of defending its frontier. The king of Ani, 
Kagig II., was compelled to exchange his kingdom for 
estates in Cappadocia, The country was raided by 
Seljdks and harried by Byzantine soldiers, and the 
miseries of the people were regarded as gain to the 
Orthodox church. After the defeat and capture of 
Romanus IV. by Alp Arslan, 1071, Armenia formed i>art 
of the Se\jfik empire until it split up, 1157, into petty 
states, ruled by Arabs, Kdrds, and Scljfiks, who were in 
turn 8wej)t away by the Mongol invasion, 1236. For 
more than three centuries after the appearance’ of the 
Holjiiks, Armenia was traversed by a long succession of 
nomad tribes whoso one aim was to secure good pasturage 
for their flocks on their way to the richer lands of Asia 
Minor. The cultivators were driven from the ])lain6, 
agriculture was destroyed, and the country was seriously 
imxK)verislied when its ruin was completed by the ravages 
and wholesale butcheries of Timiir, Many Armenians 
fled to the mountains where they embraced IsUm, and 
intermarried with the Kdrds, or purcliasod security by 
imying blackmail to Ki'irdish chiefs. Others migrated to 
Cappadocia or to Cilicia, where the Bagratid Rhu|)en had 
founded, 1080, a small principality whicli, gradually ex- 
tending its limits, became the kingdom of lesser Annenia. 
This Christian kingdom in the midst of Moslem states, 
hostile to the Byzantines, giving valuable support to the 
leaders of the Crusades, and trading with the great 
commercial cities of Italy, had a stormy existence of about 
300 years. Internal disorders, due to attempts by the 
later Lnsignan kings, to make their subjects conform to 
the Roman Church, facilitated its conquest by Egypt, 
1375. The memory of Kiligia (Cilicia) is enshrin^ in 
a popular song, and at Zeitiin, in the recesses of Mount 
'rauriis, a small Armenian community has hitherto main- 
tained almost complete independence. After the death of 
I'iinur, Armenia formed part of the territories of the 
4’urkoman dynasties of Ak- and Kara-Koyunlu, and under 
their milder rule the seat of the Katholikos, which, during 
the Seljiik invasion, had been moved first to Sivas, and 
then to Lesser Armenia, was re-established, 1441, at 
Echmiadzin. 

In 1514, the Persian campaign of Selim I. gave 
Armenia to the Osmanli Turks, and its reorganization 
was entrusted to Idris, the historian, who was a 
Kurd of Bitlis. Idris found the rich arable 
lands almost deserted, and the mountains brist- 
ling with the castles of independent chieftains, of Eflrd, 
Arab, and Armenian descent, between whom there were 
long-standing feuds. He compelled the Kflrds to settle 
on the vacant lands, and divided the country into small 
sanjaks which in the plains were governed by Turkish 
officials, and in the mountains by local chiefs, '^is {Kilicy 
gave rest to the country, but favoured the growth of Kflrd 
influence and power, which by 1534 had spread westwards 
to Angora. Armenia was invaded by the Persians in 
1575, and again in 1604, when Shah Abbas transplanted 
many thousand Armenians from Julfa to his new capital 
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Isfahan. In 1639, the province of Erivan, which included 
Echmiadzin, was assigned by treaty to Persia, and it 
remained in her hands until it passed to Kussia, 1828, 
under the treaty of Turkman-chai. The Turko-Russian 
war of 1828-29, which advanced the Russian frontier 
to the Arpa Chai, was followed by a large emigration of 
Armenians from Turkish to Russian territory, and a smaller 
ex^us took place after the war of 1877-78, which gave 
Ratdm, Ardahan, and Kars to Russia. In 1834 the in- 
• dependent power of the Kdrds in Armenia was greatly 
curtailed ; and risings under Bedr Khan Bey in 1843, and 
Hheikh Obeidullah in 1880, were firmly suppressed. 

Gregorian Armenmne. — After the capture of Constanti- 
nople, 1453, Muhammad II. organized his non -Moslem 
subjects in communities, or niillete, under ecclesiastical 
chiefs to whom he gave absolute authority in civil and 
religious matters, and in criminal offences that did not 
come under the Moslem religious law. Under this system 
the Armenian bishop of Brdsa, who was appointed 
patriarch of Constantinople by the Sultan, became the 
civil, and practically the ecclesiastical head of his com- 
munity millet), and a recognized officer of the 

Imperial Covernment with the rank of vizier. Ho was 
assisted by a council of bishops and clergy, and was 
represented in each province by a bishop. This imj^rium 
in imporio secured to the Armenians a recognized ])osition 
lK‘fore the law*, the free enjoyment of their religion, the 
jiussession of their churches and monasteries, and tlie right 
to educate their children and manage their municipal 
ailairs. It also encouraged the growth of a community 
life, which eventually gave birth to an intense longing for 
national life. On the other hand it degraded the priest- 
hood. The priests liccamo political leaders rather than 
s]>iritual guides, and sought promotion by bribery and 
intrigue. Education was neglected and discouraged, ser- 
vility and treachery w’cre developed, and in less than a 
century the people had become de]mivcd and degraded to 
an almost incredible extent. After the issue, 1839, of the 
llatt-i-Sherif of Gul-khaueh, the tradesmen and artisans 
of the capital freed themselves from clerical control. 
Under regulations, ajiproved by the Sultan in 1862, the 
patriarch remains the official representative of the com- 
munity, but all real jiowTr has passed into the hands of 
cleilcal and lay councils elected by a representative 
assembly of 140 moralwrs. The “ comm unity, w'hich ex- 
cluded Roman Catholics and Protestants, was soon called 
the “nation,” “domestic” became “national” aftairs, and 
the “ representative ” the “ national ” assembly. 

Roman Catholics , — The connexion of “ Lesser Armenia ” 
with the Western Powers led to the formation, 1335, 
of an Armenian fraternity, “ the Unionists,” which 
adopted the dogmas of the Roman church, and at the 
council of Florence, 1439, was entitled the “United 
Armenian Church.” Under the millet system the 
unionists were freijuently persecuted by the patriarchs, 
but this ended in 1830, wffien, at the intervention of 
France, they were made a community {Katoluk millet), 
with their own ecclesiastical head. The Roman Catholics, 
through the works issued by the Mekhitarists at Venice, 
have greatly promoted the progress of education and the 
development of Armenian literature. They are most 
numerous at Constantinople, Angora, and Smyrna. 

ProtestanU , — ^The Protestant movement, initiated, 1831, 
at Constantinople by American missionaries, was opposed 
by the patriarchs and Russia. In 1846 the patriarch 
anathematized all Armenians wdth Protestant symjtathies, 
and this led to the formation of the “ Evangelical Church 
of the Armenians,” which was made, after much opposition 
from France and Russia, a community {Protestant millet), 
at the instance of the British ambassador. The missionaries 
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afterwards founded colleges on the Bosporus, at Kharpiit, 
Marsivan, and Aintab, to supply the needs of higher 
university education, and they oi)enod good schools for 
both sexes at all their stations. ]ilverywht*re the^ .sup])lird 
the people with pure, wholesomo literatiu-e, and represented 
progress and religious liberty. 

When Abdul Hamid came to the throne, 1876, the 
condition of the Armenians was better than it had ever 
l)een under the Osmanlis; but with the rlosr 
of the wur of 1877-78 came the “Aimcnian 
Question.” By the Treaty of S»xn Stefano, 

Turkey cn^ged to Russia to carry out reforms “in the 
jirovinces inhabited by tlie Armenians, and to guarantee 
their security against the Kurds and Circassians.” By 
the Treaty of Berlin, 13th July 1878, a like engagement 
to the six signatory l^owers was substituted for that to 
Russia. By the Cyprus (Convention, 4th June 1878, the 
Sultan promised Great Britain to introduce n<'cessar}* 
reforms “for the protection of the Christians and other 
subjects of the Porte” in the Turkish territories in Asia. 
The Berlin Treaty encouraged the Armenians to look to 
the Powers, and not to Bus^a for juotection ; and the 
Convention, which did not mention thi‘ Armenians, was 
regarded as placing them under the special pi reliction of 
Great Britain. This impression was strengthened by the 
action of England at Ikiilin in insisting that Russiashoiild 
evacuate the occupied territory Inrlore reforms were intro 
duced, and so removing the only security for their intro- 
duction. The pres(‘ntation of identic and colhsetive notes 
to the Porto by the Powers, in 1880, produced no result, 
and in 1882 it w*as apjmrent. that Turkey would only 
yield to compulsion, in 1881 a circular note from the 
British Ministry to th(» five Powers was evasively answered, 
and in 1883 Prince Bismarck intimated to the Biitish 
Government that Germany cared nothing about Armenian 
reforms and that tht* matter had better allowed to 
drop. Russia had changt‘d her policy towards the 
Armenians, and the other IWors w'en* indifieienl. The 
so-called “ (Concert of Eurojic ” was at an I'lid, but down 
to 1894 British ministries »*alled the attention of the 
Sultan to his obligations under the Beilin Treaty. 

Russia began to interest herself in the Armenians when 
she acquired Georgia in 1801 ; but it was not until 1828-29 
that any appreciable immlier of them In'came her 
subjects. She found them necessary to the 
development of her new territories, and allowed 
them much freedom. They w’ere ]M'rmitted, within 
certain limits, to develo]» their national life; many became 
wmlthy, and many rose to high positions in the military 
and civil service of the state. After the war of 1877-78 
the Russian Consuls in Turkey encouraged the formation 
of iiatriotic committees in Armenia, and a project w^as 
formed to create a st‘])amte state, under the supremacy of 
Russia, which was to include Russian, Persian, and Turkish 
Ai’mcnia. The project was favoui-ed by Loris Melikof, 
then all-powerful in Russia, but in 1881 Alexander II. 
w'as assassinated and sliortly aftcirwards a strongly anti- 
Armenian policy w*a8 adoiited. The schools were closed, 
the use of the Armenian language was discouraged, and 
attempts were made to Russify the Armenians and bring 
them within the pile of the Russian Church. All hojie 
of practical belf-governiiient under Russian protection now 
ceased, and the Armenians of Tillis turned their attention 
to Turkish Armenia. They had seen the success of the 
Sclav committees in creating disturbances in thoTBalkans, 
and became the moving spirit in the attempts to produce 
similar troubles in Armenia. Russia mode no real efiort 
to check the action of her Armenian subjects, and since 
1884 she has steadily opposed any active interference by 
Groat Britain in favour of the Turkish Armenians. When 
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EchmiacbEin pissecl to Itussia, in 1828, the Katholikos 
began to claim spiritual jurisdiction over the whole 
Armenian Church, and the submission of the patriarch of 
Constantino] )lo was obUined by Hussia when she helped 
Turkey in her war with Egypt, Recently Russia has 
secured the sul^mission of the indo;[)ondont Katholikos of 
Sis, and has thus acquired a power of interference in 
Armenian alFairs in all parts of the world. During 1900 
Russia showcid renewed interest in Turkish Armenia by 
securing the right to construct all railways in it, and in 
the Armenians by ])ressing the Porto to restore order 
and introduce reforms. 

The llorlin Treaty was a disappointment to the 
Cregorian Armeniiins, who had hojied that Armenia and 
Cdicia would have l)een formed into an autonomous 
province administered by (Christians. But the formation 
of such a jirovinco was impossible. The (Iregorians were 
scattered over the empire, and, oxcejit in a few small 
districts, wore nowhere in a majority. Nor were they 
bound together by any community of thought or senti- 
ment. The Turkish -speaking Armenians of the south 
could scarcely converse with the Armenian - Hjicaking 
people of the north ; and the ignorant mountaineers of the 
east had n<»thing in common, except religion, with the 
highly - educated townsmen of Constantinople 
Revoiu^ and Smyrna. After the change in Russian 
moment failure of the l^owers to secure 

* reforms, the advanced iwirty amongst the 
Annenians, some of whom had been educated in Eurojio 
and been deeply affected by the free thought and Nihilistic 
tendencies of the day, determined to secure their object 
by the production of disturbances such fis those that had 
given birth to Bulgaria. Societies wore formed at Tillis 
and in several Euroiwan cajiitals for th(' circulation of 
]Nim])hlotH and newspapers, and secret societies, such as 
the iluntchagist, wore instituted for more revolutionary 
mc^thods. An active })roj)aganda was carried on in 
Turkish Armenia by emissaries, who tried to introduce 
arms and ex]>losives, and reiuesented the ordinary 
incidents of 'Furkish misrule to Eurojie as st'rious 
atrocities. The revolutionary movement was joined by 
some of the younger men, who formiHl local committees 
on the Nihilist plan, but it w'as strongly opjiosed by 
the Armenian clergy and the American missionaries, who 
saw the impossibility of success ; and its irreligious 
tendency and the si»lf*seoking ambition of its leaders made 
it unacceptu.blo to the mass of the jMjople. ExasjH'rated 
at their failure, the emissaries organized attacks on 
individuals, wrote thrcatening letters, and at last ])osted 
revolutionary placards, 5th January 1893, at Yuzgat, and 
on the walls of the American College at Marsivan. In the 
last case the object of the Huntchagists was to compromise 
the missionaries, and in this they succeeded. The 
Americans wort* accused of issuing the placards; two 
Armenian professors w’cre imprisoned ; and the girls’ 
school was burned down. Outbreaks, that were easily 
suppressed, followed at Kaisarieh and other places. 

One of th(! revolutionary dreams was to make the 
ancient Daron the centre of a now Armenia. But the 
movement met with no encouragement, either amongst 
the prosjierous ])easants on the rich plain of Mdsh or in 
the mountain villages of Hasiin. In the summer of 1893, 
an emissary was captured near Miish, and the governor, 
hoping to secure others, ordered the Ktirdish Irregular 
Horse towaid the mountain district. The Armenians drove 
off the Ki'irds,^ and, when attacked in the spring of 1894, 

^ The Armuiiians and Kurils have lived together from the earliest 
tines. Tlie adoption of Isidm by the latter, and by many Armenians, 
divided the people sharply into Christian and Moslem, and placed the 
Christian in n ])osition of inferiority. But the relations between the 


again held thoir own. The Vail now called up regular 
troops from Erzingan; and the Sultan issued a firman 
calling upon all loyal subjects to aid in suppressing the 
revolt. A massacre of a most brutal character, in which 
Turkish soldiers took part, followed ; and aroused deep 
indignation in Europe. In Novomlier 1894 a Turkish 
commission of inejuiry’ was sent to Annenia, and was 
accompanied by the Consular delegates of Great Britain, 
France, and Russia, who elicited the fact that there had 
l^een no attempt at revolt to justify the action of the , 
authorities. Throughout 1894 the state of the country 
bordered upon anarchy, and during the wdnter of 1894-95 
the British Government, with lukewarm support from 
Franco and Russia, pressed for administrative reforms in 
the vilAyets of Erzeriim, Van, Bitlis, Sivas, Momuret-el-Aziz 
(Kharpiii), and Diarbekr. The Porte made counter- 
proposals, and officials concerned in the 8asiin massacres 
were decorated and rewarded. On 11th May 1895 the 
three Powers presented to the Sultan a complicated scheme 
of reforms which was more calculated to increase than to 
lessen the difficulties connected with the government of 
Armenia ; but it was the only one to wdiich Russia would 
agree. The Sultan delayed his answer. Great Britain was 
in favour of coercion, but Russia when sounded, rofilled that 
she “ woulil certainly not join in any coercive measures *’ 
and she was supported by France. At this moment, 2l8t 
Juno 1895, Lord Rosebery's Cabinet resigned, and w’hen 
Lord Salisliury’s Government resumed the negotiations 
in August, the Sultan ap|K*aled to France and Russia 
against England. During the negotiations the si'cret 
societies had not been inactive. Disturbances occurred at 
Tarsus; Armenians who did not es]')ouse the “national” 
cause w^ere murdennl ; the life of the pitriarch was 
threatened; and a report was circulated that the British 
ambassador wished some Armenians killed to give him an 
excuse for bringing the fleet to Constantinople. On the 
1st Octolnir 1895 a iiuiulKjr of Armenians, some armed, 
wrent in procession with a petition to the Porte and W'ere 
ordered by the police to disperse. Shots w^cre fired, and a 
riot occurred in which many Armenian and some Moslem 
lives were lost. The British aml>assador now pressed the 
scheme of reforms upon the Sultan, who accepted it on the 
17th Octolior. Meanwhile there had lx‘en a massacre at 
Trebizond (8th October), in w^hich armed men from 
Constantinople took part, and it had become evident that 
no united action on the part of the Powers was to lie 
feared. The Sultan refused to puldish the scheme of 
reforms, and massacre followed massacre in Armenia in 
quick succession until 1st January 1896. Nothing was 
done. Russia refused to agree to any measunj of coercion, 
and declared (19th December) that she would take no action 
except such as was needed for the protection of foreigners. 
Great Britain was not prcjiared to act alone. In the 
summer of 1896 (14th- 22nd June) there were massacres 
at Van, Egin, and Niksar ; and on the 2Gth August the 
Imperial Ottoman Bank at Constantino])ie was seized 
by revolutionists as a demonstration against the Christian 
Powers who had left the Armenians to their fate. The 
project wras known to the Porte, and the rabble, previously 
armed and instructed, w^ero at once turned loose in the 
streets. Two days* massacre followed, during which from 
6000 to 7000 Gregorian Armenians jierished. Soon 
afterwards the attention of the Turkish Government was 
fully occupied by the course of events in Crete, 

The massacres were apparently organized and carried 

out in accordance writh a well-considered plan. They 

— “ 

two sects were not unfriendly previously to the Kussiau campaigns in 
Persia and Turkey. After 1 829, the relations became less friendly ; and 
later, when the Armenians attracted the sympathies of the European 
Powers after the war of 1877-78 they became bitterly hostile. 
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occurred, except in six places, in the vil4yets to which 
the scheme of reforms was to apply. At Trebizond they 
took place just before the Sultan accepted that 
gdieme, and after his accej)tance of it they 
spread rapidly. They wore conlinod to Gregorian 
and Protestant Armenians. The Roman Catholics were 
jjrotocted by France, the Greek Christians by Russia. 
The massacre of Syrians, Jacobites, and Chaldees at Urfa 
and elsewhere, formed no part of the original plan. Orders i 
were given to ])rotect foreigners, and in some cases guards 
were placed over their houses. The damage to the 
American buildings at Kharpiit was due to direct dis- 
obedienc'e of orders. The attacks on the bazjirs were made 
without warning, during business hours, when the men 
were in their shops and the women in their houses. 
Explicit promises were given, in some instances, that 
there would be no danger to those who opened their 
shoi»8, but they were deliberately broken. Nearly all 
those who, from their wealth, education, and influence, 
would have had a share in the government under the 
scheme of refonns, were killed and their families ruined 
by the destruction of their pro|)orty. Where any attempt 
at defence was made the slaughter was greatest. The 
only successful resistance was at Zeiti^n, where the jicople 
received honourable terms after three months* fighting, 
in some towns the troops and police took an active part 
in the massacres. At Kharpiit artillery was used. In 
some the slaughter commenced and ended by bugle-call, 
and in a few instances the Armenians were disarmed 
belorehand. Wherever a suiierior oflScial or army officer 
intervened the massacre at once ceased, and wherever a 
governor stood firm there was no disturbance. The actual 
] perpetrators of the massacres were the local Moslems, 
aided by Lazis, Kiirds, and Circassians. A large majority 
of the Moslems disapproved of the inassacnis, and many 
Armenians were saved by Moslem friends. But the lower 
orders were excited by reports tliat the Armenians, sup- 
jxirted by the Eurojxjan Powers, were plotting the over- 
throw of the Sultan ; and their cupidity was aroused by 
the prosjpcct of wiping out their heavy debts to Armenian 
] pedlars and mercliants. No one was punished for the 
massacres, and many of those implicated in them w(jre re- 
warded. In some districts, especiaUy in the Kharpiit viUyct, 
the cry of “Isldm or death” was raised. Gregcprian 
priests and Protestant jjastors were tortured, but preferred 
death to apostasy. Men and women were killed in 
prisipn and in churches in cold blood. Churches, monas- 
teries, schools, and houses were plundered and destroyed. 
In some places there was evidence of the jprevious activity 
of secret societies, in otliers none. The number of those 
who perished, excluding Constantinople, was 20,000 to 
25,000.^ Many were forceil to embrace Isliiin, and 
numbers were reduced to poverty. The destruction of 
proixirty was enormous, the hardest - w'orking and best 
tax -paying element in the country was destroyed, or 
impoverished, and where the bread-winners were killed 
the women and children wore left destitute. Efforts by 
Great Britain and the United States to alleviate the 
distress were opposed by the authorities, but met with 
some success. Since the massacres the number of students 
in the American schools and colleges has increased, and 
many Gregorian Armenians have become Roman Catholics 
in order to obtain the protection of France. 

Etlmology , — The original inhabitants of Armenia are 
unknown, but, about the middle of the 9th century b.c., 
the mass of the people belonged to that great family of 
tribes which seems to have been spread over Western Asia 


^ Accordiug to some estimates the number killed was 50,000 or 
inoro. 
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and to have had a common non-Aryan language. ^Mixeil 
with these proto- Armenians, there was an imiPoitant 
Semitic element of Assyrian and Hebrew origin. In the 
7th century b.c., between 640 and 600, tht^ country vns 
conquered by an Aryan pt'ople, who imposed tluir 
language and possibly their name, utpon the vanrjuisbed, 
and formed a military aristocniry that was constant 
recruited from Pcisia and Paitlmi. Politically tbo two 
races soon amalguinatod, but cxci'pt iii the towns, tlicre 
was apjparently little intermarriage, for the jpcasants in 
certain districts closely rcst^mble the jiruto- Armenians, as 
depicted on their monunamts. Aftc*r tlu* Arab and 
^Ijuk invasions, thertp was a Urge emigration of Aiy'an 
and Semitic Armenians to CVpiistantinopole and Cilicia; 
and all that remained cpf the aristocracy was swept away 
by the Mongols and Tatars. This jierhaps explains the 
diversity of tyjie and characteristics amongst the modern 
Armenians. In the recesses of Mount Taurus the pcawints 
are tall, handsome, though somewhat sharp-featured, agile, 
and brave. In Armenia and Asia Minor they aio robu-sl, 
thick -set, and coarse- featured, with straight bUck hair 
and large hooked noses. The> are gofxl cultivators of 
the soil, but are poor, suiierstitious, ignorant, and un- 
ambitious, and they live in semi-subterranean btmses as 
their ancestors did 800 ^ears n c. Tlie townsmen, csjicci- 
ally in the large towns, have more regular featuies 
often of the Persian tyiie. They are skillt*d artisans, 
bankers, and merchants, and art> leinarkable for their 
industry, their quick intelligence, theii aj)titude fur 
business, and for that enterprising spirit which led their 
ancestors, in Boman times, to trade with Scythia, C^hina, 
and India. The upper classes are polished and well 
educated, and many have occupied high positions in the 
public service in Turkey, Russia, Persia, and Eg>i)t. The 
Armenians are essentially an Oriental p(‘ople, possessing, 
like the Jews, whom they resemble in their exclusiveness 
and widespread disiiersicjii, a rernarlcable tenacity of rar e 
and faculty of adaptation to circumstances. They aio 
frugal, solxir, industrious, and intelligent, and then 
sturdiness of character has enabled lliem to piescr\c‘ 
their nationality and ndigion undei the sorest tii.ils 
They are strongly attached to old manners and custcmis, 
but have also a real d(*sire for progress winch is full of 
jiromiso. On the other liand thtjy are greedy of gam, 
quarrelsome in small mattcTs, self-seeking, ami wanting 
ill stability , and they are giftixj with a tendcnc> to 
exaggeration and a love of intrigue whicli has had an 
unfortunate inliueuce on their history. The> are deei»ly 
separated by religions diil’erences, and their mutual 
jealousies, their inordinate vanity, tlieir veisatility, and 
their cosmopolitan chaiacter must always be an obstach* 
to the realization of tin* dreams of the nationalists. Tin* 
want of courage and sell reliance, the deficiency in truth 
and honesty sometimi's noticed in connexion with them, an* 
doubtless due t(» long servitude under an unsympathetic 
Government. 

The total number of Armenians is estimated at 
2,900,000 (in Turkey, 1,500,000; Russia, 1,000,000; 
Persia, 150,000; Euroiie, Amencti, and East Indies, 
250,000). 

Soo Aincii. (JcuIo<ji€ d aTtnenischen IfocJUnwics, Wioii, 188-. 
— BisHor. Journeys %n Persui and Kurdudan, Loud., 1891. — 
Bliss. Turkey and Uw Armenian Atrocities, Loud , 1890.- 
Bkylb. Transcaucasia and A carats 4th ed. Loud., 1896. — Bh 
Cuuiisous, JLa rihillwii armAiienjie, Paris, 1895. •jf-Ljccsins. 
Amhcnia and Europe, Loud., 1897.— Muukay. Uandhool Jor 
Asia Minor, Loud., 3895.— Parlv Papers. Turkey, I., 1895 ; 
Turkey, I., II., 1896.— Sui*an. ‘‘Die Verbreitiing cl. Armcnier in 
dor asiatischen Turkei. u. in Transkaukasien,” in Pet. i/itt/i. vol. 
xlii., 1896.— Tozrii. Turkish Armenia and Eastern Asia Mimjr, 
Lond., 1881.-^HOLKr. ArmAnit, Kurdistan, et Misopolamit, 
1892. — Ly.nch. Armenia, 2 vola. 1901. (<\ W. W.^ 
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Arm#ntl4rMf a town of France, department 
of Nord, arroudiRsemeiit of Lille, 10 miles W.N.W. 
of that town, on the railway from Lille to Dunkirk. 
It has a communal college fdr boys and one for 
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girls, a national professional school, hospital, museum, 
and small library. It is an important centre of textile 
manufactures. Population (1896), 26,714; (1901), 
29,401. 
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Intiiodtjctory. 

T he last quaiter of tho 19th century saw a great do- 
v(‘h)|nn(»nt of military forces, but no organic changes. 
Armies liave steadily grown in size, and the severe com- 
pc^tition for predominance in numbers has led to reduc- 
tions in the juTiod of service with the colours. At the 
same time the principle of universal liability to service has 
been rigorously enforced by all tho groat powers of Euroiie. 
Ib»latively to that of Franco the population of Germany 
hfvs hf‘en stciadily increasing, and the former country, 
unless the p«‘riod of service is still further curtailed, 
must soon liiul its army considerably inferior in numerical 
stn‘ngth to that of the latter. Whether or not such 
further reduction is comi>atible with military efficiency 
apjiears to Ih' doubtful. Tho tendency of modern war is 
to increas e the demand for careful training of all ranks, 
and two years of continuous military life is liarely sufficient 
to make th(i average man into a thoroughly coinj^etcnt 
infantry soldier, while the technical branches of an army 
<Mnn()t be adequately instructed in so short a time. 
Systems of national education, by developing the receji- 
tivity of tho recruit and shariicning his faculties, have 
undoubtedly facilitated military training; but habits of 
discipline, the mutual reliance and mutual knowledge of 
officers and men, and tho many qualities necessary to the 
making of etlective military bodies, m?ed time for their 
ilevelopment. While, therefore, the standard of genera) 
intelligence of a population, other national characteristics 
being equal, may to some extent regulate the period of 
service necessary to ensure military efficiency, there is 
evidently a minimum in every case which cannot lx* 
passed without danger. The relatively low intelligence 
of the llussian jiopulation Wiiuld jirobably render it im- 
|K)ssibJe to transform the recniit into a trained soldier in 
two years, and in the Russian army, as in the British, 
tho jKTiod is long, combin'd with that accepted in other 
great European forct's. What thi; irreducible minimum is 
in any particular case cannot at present be stated. There 
have been signs that the short-scrvico system does not 
confer the solidarity which existed in the older professional 
arm it's. The Franco-German war produced an almost 

unbroken series of successes for the German arms. TIii^ 
sense of military superiority conferred by the early 
victories on the frontier and maintained by subsequent 
experit'iico was a moral factor of supreme importanc.o. 
The system brought to jierfcction by tho Germans cannot, 
however, Ini said to have been tested by defeat, and there 
were ugly symptoms of panic during the fighting 
around Metz, which, in less favourable circumstances, 
might have spn^ad with disastrous results. Since this 
w.ir, the jx'riod of service has been reduced in both 
Germany and France ; and while in both countries careful 
<‘OLisid('ration has bi*en given to all that is implied in tho 
term organizatiim, and the military machine, as such, has 
thci'oforo gaiiu'd greatly iu efficiency, tho result, as alfect- 
iiig the solidarity of a great army iu the field, remains to 
bo shown. Where the constitution of two armies is 
practically tho same, and where numbers and military 
skill are practically equal, the issue of a contest would 
turn upon tho characteristics of the race or of the nation. 
On tho other hand, it is possible that an army more 


solidly constructed than those of modern Europe might be 
found to possess qualities of cohesion and of endurance 
which would, to a great extent, compensate for numerical 
deficiency. It can only be said with certainty that modern 
war makes increasing demands u|K)n military training in 
every branch, enhances the value of individual military 
capacity, and im|)Oses more and more strain upon the 
nerve and endurance of tho soldier. At the same time, 
the race for numerical strength increases the difficulty of 
obtaining the necessary qualities without an inordinate 
growth of military expenditure and a consequent dislocation 
of the machinery of civil life entailed when masses of men 
are called up for periodical training. The i)roblem of the 
future is to effect a satisfactory compromise between these 
conflicting conditions. 

Military systems practically fall into two categories — thi* 
short-service, or German system, which is universal among 
great Euroiiean powers, and which has now extended to 
Ja])an; and the militia system, which in England dates 
back to Saxon times, and which has reached its most 
complete development in Switzerland. Tho first system 
aims at sweeping the mass of the able-bodied manhood of 
a nation into the ranks for a short period of continuous 
training, followed by a long jx^riod of furlough and a 
further period of liability to service in a national reserve. 
During the period of furlough the soldier may bo re'called 
from time to time to the colours for instruction. The 
militia system, on tho other hand, imposes an initial 
tniining of six or eight weeks, followed by a general 
annual training of the whole force for a fixe4 iieriod 
during several years, and by a further pt'riod in a national 
reserve. It is evident tliat, if tho jxriod of service with 
the colours in the first system is steadily reduced, there 
must come a point at which the second system may pro- 
vide the best means of military training. This point 
may not have Ixjen yet reached ; but some authorities, 
watching present tendencies, have been led to believe that 
the militia system may ultimately sujiersede tliat devised 
by Scharnhorst, with the powerful support of Stein, for 
the military regeneration of Prussia after the disasters of 
1806. 

The experience of recent years has gone far to modify 
the view, cherished in Great Britain, that universal servuji! 
is destructive of tho industrial vigour of a nation. Under 
a rigid system, relentlessly a])plicd, Germany has presented 
tho spectacle of an amazing commercial development. 
It has even been contended that the habits of order, of 
discipline, and of self-reliance inculcated by military 
training, wistdy administered, have played a pai-t in equip- 
}>ing the German jxople for the industrial competition 
upon which they have entered with the most marked 
success. In face of facts which cannot be disputed, it 
will be difficult in future to maintain that the burden of 
compulsory military service necessarily imiicdcs the in- 
dustrial progress of a nation and breaks up its civil organ- 
ization. The management of public business in Germany 
and the handling of great questions of national defence 
stand in marked contrast to British methods. Military 
training, as enforced upon the best manhood of Germany, 
has nbt benumbed its intellectual vigour, and may have 
increased its capacity for the orderly transaction of busi- 
ness, Personal service is a higher test of patriotism than 
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^jecuuiary contributions, and it is not easy to determine 
\(rhich of the two imposes the greater drain upon national 
resources. The British nation must shortly decide be- 
tween compulsion and greatly-increased expenditure ; and 
while an army habitually required to serve abroad in peace 
time cannot bo recruited by conscription in any form, there 
is a growing tendency fo believe that the application of the 
ballot for recruiting a militia army may be justified. The 
past twenty-five years have witnessed the results of organic 
^ changes in the British army which began in 1870. It 
* cannot be said that these changes have produced ail that 
was claimed by their advocates or that the criticisms 
ex|H 3 nded uj)on them were entirely without foundation. 
The British army has undergone a searching test in the 
South African war. Grave defects of many kinds have 
been plainly revealed, and a strong demand for radical 
reorganissation has been the result. 

The wars of the past cjuarter-century have not provided 
any specially striking military lessons, but all have pre- 
sented x>oint8 of interest ami have emphasized the vital 
importance of organized prejiaration in time of jKjace. The 
Kusso-Turkish war of 1877-78 illustrated the great defen- 
sive power of breech-loading small arms, and showed many 
toctical defects in the training of the lliissian infantry. 
This war, like the war in South Africa of 1899 and 1900, 
was entered upon with a totally inadequate idea of the 
military requirements. In both cases certain disabilities 
on the part of the op^iosing forces — whether Turks or 
lU»er8 — gave time which ena])led the initial defeats to l)e 
redeemed. In the Servo -BulgJirian war of 1885, the 
militia army of Servia was opiK)sed to a Bulgarian force 
organized on the German principles and supjdemented by 
Itumelian militia. This conflict presented the remarkable 
feature that the whole of the suiH3rior officers of the Bul- 
garian army, being Bussians, were suddenly withdrawn on 
the outbreak of hostiliti(»s. To the jiersonal lejwlership of 
IVince Alexander, to the soldierly qualities of the Bul- 
garians, and to the remarkable marching power of the 
Ilnmelian militia, the vicjtory over the Servians was 
ilircctly due. A small-bore rifle in the modern sense w'as 
employed for the first time by the Servians, and the 
Bulgarian field artillery opposed time shrapnel to common 
shell with nottible success. The China -Japan conflict 
r)f 1894 revealed in the most striking way the great 
lighting power of the newly-organized Ja|)anese army and 
the marked ability with which it had b^n prepared for 
war, A new military nation may be said to liave come 
into existence, which must play an important part in the 
art'airs of the Far East. The brief Bpanish-American war 
of 1898 plainly indicated the weakness of volunteer 
organizations and the heavy cost entailed by want of 
jueparation. The small standing army of the United 
States was not organized for offensive war ; but the ex- 
<*e1]ent quality of the troops averted disaster at Santiago. 
The Spanish forces in Cuba showed little enterprise or 
capacity; but local conditions had tended to deteriorate 
their unitary qualities, and they did not fairly represent 
the army of Spain. The principal result of this war was 
to bring about the over-sea expansion of the United States. 
This has already entailed a considerable increase in their 
military forces. The Act of Congress of February 
1901 authorizes the President to maintain a standing 
army of 100,000 men, and to raise local forces in the 
Philippine Islands. In the Qreco-Turkish war, loose 
discipline, bad leading, and want of organization com- 
bined to cause the collapse of the Greek army. The 
conduct of the campaign by the Turks proved that 
progress had been attained under German instruction 
since the conflict with Hussia; but certain disabilities, 
which appear to be inherent in Turkish armies, were again 
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manifested. Great Britain lias been engaged in militaiy 
operations of a varied character in many parts of the 
world, thus receiving lessons which were not in all cases 
turned to full account. A long series of minor ciimpaigns, 
beginning at Alexandria in 1882, ended at Khartum in 
1898. Two considerable wars, in Afghanistan and on the 
north-west frontier, were carried on by the Government of 
India. The South Africtm war severely strained British 
military resources and ]irovi*d tliat the standard of prejiarii- 
tions had not been adjustt*d to meet national requirements. 
No Power has, during the [last twenty-five years, acquired 
experience of warlike oiw^rations comparable in i‘xtent and 
variety to tliat which the British army now has at its 
dis{)Osal. South America has Imm'ti tlic scene of several 
conflicts, of which Chilian civil war of 1891 was, per- 
haps, the most important. In this casii a military force 
M^as organized oaI hoc by a German e\|icrt and oi|uij)pe(l 
with magazine rifles, which Avi*re used for the first time on 
a large scale. 

The period, regarded as a whole, has Ihm'ii niarke<l by a 
groat expansion of military foices and by successive and 
costly re-armaments, l)oth of artill<‘ry and infantry. Great 
attention has been generally devoted to organization .irul 
all that is implied in preparation for war. The armies ol 
to-day are larger, better eipiipped, and more carefully 
trained than previously ; and except in Italy, and possibly 
in Russia, there are no clear signs that the hurdoiis ot 
military service and of military exptMuliture are at present 
pressing with unbearable seventy upon the po])ulation ot 
Eurojic. ((;. s. i\) 

British Army. 

The moment at which the following article was eoui- 
plet(‘d (NoverabtT 1901) was necessarily an exceptional one 
in the history of the British army. The whole 
system of administration which was introduced mnacon- 
after 1870 liad undergone many modifications, tUtlonnot 
and was about to undergo many more. •ervice. 

In its general features, nevertheless, the recruiting system 
remained that which was introduced by Mr Cardwell in 
the years following 1870. It was ado]>ted in the l)elief 
that a much larger iiumlnn’ of recruits could bi^ obtained 
if they had the option of leaving after a conqwxratively 
short period with the colours. It was assumed that after 
three years^ servi«'e, at all events in the infantry, a man 
had learnt all that he was likely to learn, and that it was 
more economical for the country after that time to pay 
him for some years a small retaining fee, and call him up 
only for war. The necessity of si'iiding troops to India 
and to distant British colonies did not admit of a strict 
application of this })rinciple to the wliolc‘ army. W Jiilst, 
therefore, the Guards, Avho do not serve during jH*ace time 
in distant parts of the empire, and the Army Service 
Corps, which requires large exj^ansion for w'ar and is 
not required in India which has its own transport and 
supply department, have now for a long period l)een 
enlisted for throe yeais with the colours and nine ycRrs 
in the Reserve, — the Line, the Artillery, and the Cavalry 
are mostly enlisted for seven years with the colours aud 
five more in the Reserve. From lime to time, however, 
enlistment for the lino for three years has hem allowed 
concurrently with the longer period. 

The pay of the soldier has been slightly improved. 
First he was given in 1876 an allowance known as 
“ deferred pay.” A daily addition to his pay of 2^1. a da> 
was credited to him in liis accounts; but he was not 
entitled to receive it till he took his discharge. There 
was a considerable conflict of evidence as to whether the 
money was valuable to the soldier in enabling him to 
start in civil life, or whether it was merely wasted. The 
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vast pro^iOnderaDco of the evidence of non-cominissioned 
officers and men was in its favour. There was, however, 
a strong demand tliat the soldier should be given not 
only a free ration of mtsat and bread, as ho had had for 
many years, but tliat all his food should be provided for 
him. The promiso of a free, ration was said to create the 
false impression tliat the men would have nothing to pay 
for their food, whereas a stojijMige was made from their 
|*ay to jMovide groeeries. In 1899, therefore, an allow- 
ance of 3(1. was grantt^d to provide what was absolutely 
ueoessary for the wlirde messing. At the same time tht^ 
deferred pay c(jas(‘(l for those who accepted the messing 
allowance. Men Ht*rving when the change was made were 
allowed to choose whetlier they would prefer the free 
messing or the deferred pay. Some chose one, some the 
other. Tlie actual conditions of service in these eircum- 
sUiiices are as shown in 'J’able C. 

Another change luis gradually been introduced. The 
eanteeris, which were formerly let out to tenants, and 
I)ec 4 ime, in fact, regulated jmblic-houses and grocery shops 
within tlie btirracks, have been placed under the managiv 
meiit of a committee of officers, and are worked for the 
iKMielit of the men. Where they are well looked after 
very large ])rolit8 imeumulatc\ These are employed jiartly 
in adding to the comfort of the uk'.iis uu‘sses, jiartly in 
])rovi(ling foi emergencies, such as when the men are scut 
out on an early movement and require breiikfust before 
they start, or on the sudden arrival from abroad or from out- 
stations of ]jarties of men or of their familicis. In various 
other ways the money is used to ]irovide. fur contingencies 
that can hardly lie dealt with at the jiiiblic expense, such 
as thi5 provision of (’ricket and football implenumts. 

Trivate benevolence has added gnatly to the comfort 
of the soldier. Soldiers’ “ Homes and “ Institutes,” s('t 
up by ])rivate subscrijition, give an ojqiortunity for well- 
eonducted entertainments and for (juiet reading and 
writing such as would not bt*. possilile in the b.arrack-rooiu. 
Some of the best of these an*, in fact, excellent clubs, 
with good hot and cold water luiths, billiurd-rooms, and 
h ills for concert and other perfornuiucos. 

The effect of the sliort-service system has Ik'cii neces- 
sjirily to throw annually upon civil life a very much 
larger number of men scjckiiig emjiloyiiieiit than was the 
case formerly. It was some time before adecpiato agencii's 
for assisting the men in this res[M*ct were brought into 
existence, but on the whole the machinery is now veiy 
coiiiplt*te. I’ai tly througli the colonels of brigade di.stricts, 
partly through the officers of the recruiting dejiartment, 
partly through the organizations which ha>e lioen estali- 
lislied in most av ell-managed regiments, the men have 
much help from the army itself in uhtaining situations. 
The “National Soi'i(5ty for the Employment of Soldiers” 
and the “Soldiers’ llel]» Society” have agencies which 
s[»read iiil-o every district of the country. Moreover, the 
earlier age at which soldu‘r8 now leave the army luis this 
effect, that most of them have ijarents or other near rela- 
tives still alive, many of whom are in legular employment, 
or are able to assist tlie men in obtaining situations. The 
“ Soldiers’ and Sailors’ Families Association,” with an 
agency in every garrison, is most useful to the married 
Mildier during jieace time. Jfuring the strain of the South 
African war it was invaluable. 

Altogether, the “conditions of service” of the well- 
conducted soldier, though they still leave much to be 
desired,* are beyond all corni-iarison better than those of any 
army except that of the United States, in which the rates 
of pay are incomparably higher, although in other respects 
tht; physical comfort of the men is not so carefully pro- 
vided for. In civil life a man has to jiay for his own hair 
lieing cut and for rejuiirs to his clothing, but he does this 


at his own good pleasure. The orderly appearance of the 
soldier is a necessity of discipline, and undoubtedly the 
fact that these minor payments are not matters entirely of 
his own option gives colour to an idea that when he has 
to jiay for them he has not had the whole of the cash he 
ex|)ected. It is not a question of a broken promise 
to him, but the system will probably be modihod in its 
working. 

I'he test of an army is not jjeacc, but war. Gauged by 
that standard it is not too much to say that, relatively to • 
the facility with which the British empire is 
able to provide men for war on a large scale, the 
supply of officers has failed. The ordinary sources 
of the supply of officers to the army during peace time 
arc, as they have been for iiuiny years, Sandhurst College 
for those of the Cavalry, Guards, and Infantry of the line ; 
Woolwich for the Artillery and Engineers; and, as a further 
source of supply for all, the Militia. In addition, a certain 
number of commissions are given in all branches of the 
service to cadets of the Iloyal Military College at King- 
ston, Ontario, and to other colonics, while a few are given 
to men from the ranks. Commissions have during the 
war in South Africa been given freely through universities, 
]iublic schools, and other institutions. 

During jicaco time, as will bo seen when we speak of 
“ the organization of the higher units for war,” the staffs 
necessary for thi^so and for the “ lines of communication ” 
in the field have not been maintained. The loss of 
officers in war is enormous. The consequence has been 
that everywhere, whether in the field or at home, the 
supply of officers lias been wholly inadequate, and the 
battalions and regiments have been left deplorably short. 
At home, when it was necessary to create now units, the 
men could be obtained, but officers, especially cxi>erienccd 
captains and subalterns, were wanting. A nominal “ re- 
serve of officers” existed in the sense that officers who 
had retired on their jiensions were liable to bo recalled to 
service ; but changes in army training have proceeded 
with immense rapidity of late years, and when officers, 
who had left the army for some years, returned to it they 
found the conditions to which they had been accustomed 
greatly niodifi('.d. Cajitains and majors who returned in 
j those ranks were the contciiqiorarics in ago of men W'ho 
I occupied the higher ranks in the arm> . 

The disproportion between the officers with tho British 
I army in tliis and in former times may be best shown thus : 

-In 1815, at Waterloo, Seton’s famous battalion, about 
1000 strong, had forty-two subalterns on parade; in the 
battle its front was never more than about 500 paces. In 
1901 a garrison of 5800 men at Woolwich had for some 
mouths seventeen cajitains and subalterns, all told, of whom 
ten were second lieutenants too young to serve on a courts 
martial. At Driefontein (10th March 1900) the Buffs, in- 
cluding regimental staff, had one officer per company. 
Comjianies often covered more than 1000 yards. 

A very large number (2700) of second lieutenants were 
commissioned during the Boer war. Many of these 
from the universities, from the Colonies, from various 
technical colleges, were men of an excellent stamp, 

but they have for tho most part (except those from 
Kingston) had no previous military training. Some of 
them were twenty-six years of age. So far as their future 
prospects are concerned this is a serious matter, because, 
in order to keep the various ranks of officers young enough 
‘ to be fit for their work, the rule now is that a 
Captain (uiilobs he is a hrevot-nmjor) must retii*c ut 45 yt'ara of age* 

A^iiajor 48 ,, 

Lieutenant-colonel 55 „ 

Colonel .... . 57. 

I Major-general ..... ,,62 „ 

Lieutenant-general or General 67 ,, 
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Ab a rule this is a scale which corrects itself to some 
extent, since, if promotion has for a time been very slow, 
many men in the senior ranks have to retire, and more 
rapid promotion is given to the juniors. The effect of a 
war on so large a scale as that in South Africa is to upset 
this condition. Large numbers of oflacers in the senior 
ranks are relatively young. The accession of the immense 
number of subalterns of the same age as those much 
senior to them will force these junior officers out of the 
*6ervice in large numbers. The circumstances for some 
years, therefore, will be very exceptional. 

As regards the general question of the supply of officers, 
it must lx: realized that one of the exceptional advantages 
of Great Britain as a military power is that it possesses a 
larger class of the type from which effective officers can 
be drawn than any other country. What restricts the 
supply for war is solely that, as a question of economy, 
the policy of Great Britain has always been during jxmee 
time to reduce to a minimum the number of olficors 
actually employed. Many posts are occupied by officers 
who are borne on the strength of their regiments and 
counted as if they were effective. The result of not main- 
taining during peace time the staff appointments required 
for war, and of filling a considerable proportion of those that 
are maintained with officers who are thus counted twice., is 
obviously to leave a very small proportion of the m(m who 
might be utilized available for war. Very large: numbers 
of officers are “specially employed” in all jiarts of the 
empire. These cannot bo recalled for a war in a particular 
part of it. They are borne on the lists of certain 
regiments as subalterns or captains, and after a time they 
are “seconded,” that is to say that, their names being 
j»laced in italics, their places are filled up by the pro- 
motion of other officers. They retain their position in 
the regimental list, and may or may not at some time or 
other be brought back into the regiment. The demands 
of the staff in such a campaign as tliat in South Africa 
are so enormous that the same process has necessarily lx:en 
applied to fill it. The effect is tliat there are many 
regiments of which the nominal establishment is, say, 
twelve captains, which actually bear on their lists twenty- 
four, of whom twelve are thus “seconded.” The whole 
subject is undoubtedly one that requires immediate 
attention. 

Since 1870 enormous reductions have bticn made in 
the numbers of the higher ranks of the army. Thus, 
excluding the Indian army, which had its own list in 
1870, and the Indian Staff Corps, which as to officers was 
the corresponding body in 1901 — 

The Generals have been reduced from 71 to 10. 

The lioutenant-generals „ 115 „ 25. 

Miqur-goiioriils ,, 188 ,, 74. 

At the same time the pay of all the higher apjjointments 
in the army has been greatly reduced. In the first place, 
the colonel -commandantships (worth per annum XI 800 
for a general from the Household cavalry, £2000 for 
a general from the Foot Guards, £1000 for infantry, 
£994 for the Artillery, and £990 for the Engineers) 
have all been abolished. These formerly were held in 
addition to the pay of the higher apjiointments. The 
actual pay of the higher appointments — commander-in- 
chief, acyutant-general, quartermaster-general, governors 

Woolwich and San^urst, &c. — have all been reduced 
by many hundreds a year each. It will be seen, therefore, 
that from the increase of the army contemporary with 
these reductions in the higher ranks, the transference of 
expenditure from the higher to the lower ranks has been 
large, and that, actuarially, from the great increase in the 
number of junior officers, the prospects held out to an officer 
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of reaching the higher ranks have been greatly reduced. 
A royal warrant, which came into oi)eration on 1st January 
1901, still further reduced the higher ranks. From that 
date no promotion from major-general to lieutenant-general 
was to take place except as a reward for distinguished 
service in the field or to fill an actual appointment. As 
the number of appointments held by lieutenant-generals 
had been much reduced, this further rednet'd the number 
of lieutenant-generals to fourteen. 

It follows inevitably from the fact that officers, other 
than regimental officers, liave not hitherto during peace 
time been employed in the jiositions which they vill 
occupy in war, that they have mi nearly all l>een trained 
ill the specific duties of those ])ositions. The staff is 
trained at the “ Staff College ” as far as that is 
possible without the discharge of the actual 
functions that have to be learnt. The number 
of officers that gain this functional training is very 
small. There is a great standing camp at Aldershot which 
normally in peace time has had the staff for one cavalry 
brigade, fur three infantry l»rigail(*s, and for one “brigc.de 
division” of horse with two of field artillery, besides 
the standing staff of the district. Tlicse numheis have 
been usually increasi^d during tlie drill seast»n, partly by 
bringing in from other stations regular troo]>s, and partly 
by the addition of large bodies of militia and vrJunteers. 
All branches of tlie service go through a regular course of 
regimental training each year. This is specially di signed 
to give each comj>any -commander of an infantry battalion, 
each squadron - commander of a cavalry regiment, the 
opportunity of working uj) bis unit before the whole are 
brought together for work under the lieutimant-colonel 
commanding the battalion or legiment. The several bat- 
talions, regiments, batteries, companies, and s(|uadrons an* 
inspected by their commanding officers and by the generals 
under whom they are serving. There is also a special tech- 
nical insjiection for the Cavalry and Army Service Corps 
by the inspector-general of Cavalry, and for the Artillery 
by the generals of Artillery at Aldershot, Woolwich, and 
Portsmouth. Musketry instruction has of late years Wen 
given undiT the general supi'rintendence of musketry 
instructors and the supreme regulation of the* head of tlie 
school at llythe, but in detail by the captains of com- 
panies. This has been a great improvement in the train- 
ing of the officers themselves. The competitit»n between 
Imttalion and battalion and between comitfiny and company 
has been keen. 

Between each rank, from suWiltern to captain, from 
captain to major, uj) to the rank of lieutenant-colonel, an 
officer is required to pass an examination before a boaid 
of officers, who have to certify that he is lit for promotion. 
The examinations involve answers on paper and also the 
handling of troojis on ground. As a rule, all the paper 
questions arc only such as an officer might actually liave 
to deal with when in command of troops. Thus the 
system of “training,” apart from special arms, has con- 
sisted rather in ascertaining that officers have trained 
themselves than in any very systematized method for 
giving them that training. The “Staff College,” the 
“Ordnance College,” each train special classes of cfficers. 
Officers on the staff are detailed for “garrison instruction,” 
but in the main the training has dej>ended on battalion 
commanders, the effect being afterwards tested. 

The training of men is mainly involved in and con- 
nected with that of the training of officers ; biit it is 
necessary to add that, in the recruit stage of 
late years, the most important change has been 
the large development of gymnastic instruction 
on a methodical system, devised for the development of 
the several parts of the body. The tendency has been 
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more and more to substitute this for what used to be 
known as ** setting up ’’ drill, which was too formal for 
modern requirements, and did not combine the suppleness 
with the smartness needed for military purposes nearly 
80 well as the modem gymnastic course. Moreover, since 
one of the great objects of modern training, both for officers 
and men, is to carry organization in working down into 
the smallest fractions of an army, the training of com- 
Ijaratively small gymnastic squads in orderly movement 
by their own company officers affords imj)ortant facilities 
for this purpose. 

♦Shortly before the beginning of the Boer war, in the 
course of 1897, the cavalry underwent a new organization. 

Two cavalry regiments had been dosi>atched to 
tiaamttd“ South Africa. There were then left in the United 
9 p€clml Kingdom eight regiments on a higher establish- 
irmlolag ment and eight on a lower, which were each by 
ofcMvmiiy, organization made up into three service 
squadrons and one reserve scpiadron. The higher estab- 
lishment regiments had 670 men and 465 horses each, the 
lower 555 men and 343 horses. The Ist cavalry division 
was comi)OHO(l of live regiments on the higher establish- 
ment and a comjiosite regiment of household cavalry. 
The 6th regiment of line cavalry was detailed as corps 
cavalry for the Ist army corps. Each squadron was 140 
strong including officers. The object of this reorganiza- 
tion was to enable the regiments to start on a canqmign 
without drawing on othtT regiments for non-commissioned 
officers and men. Whim the regiments went abroad the 
“ reserve sepudrons ” left behind became in fact each 
regimental dtqiots. There are ah\”ays about 200 ‘‘non- 
grooming ” men in a cavalry regiment reijuired for various 
])urposos, so that this proportion of horses to men was 
deliberately arranged. During the war a great strain was 
thrown on the “ reserve squadrons.” As recruits and re- 
mounts were ]KJured into them they virtually came to bo, 
in point of men and horses to lx* trained, equal in numbers 
to a cavalry r(*ginient. The suj)])ly of officers and non- 
commissioned officers and the “ office ” were wholly inade- 
quate for dealing with such numbers. There can be little 
doubt that considerable modification will necessarily be 
made in this provision for any future emergency. 

The Boor Avar, in which the power of the new weapons 
made itself so coiisjiicuous, has naturally led to much 
iliscussion as to the future rfilo of cavalry. There is a 
disposition to assume tliat cavalry should abandon its old 
position of looking u})on manojuvring facility and the 
<irme blanche as its ruling victicr, and should l)ecome, 
like the American cavalry of the civil war, a manoeuvring 
mounted infantry. It is, however, premature to draw con- 
clusions from the incidents of a very exceptional struggle, 
and until the question can bo more fully discussed it 
should not be ])rejudged. On one point all the exj>eri- 
cnce of the jiast may doubtless bo trusted. It is 
necessary to decide definitely Avhether cavalry is to rely 
on a knowledge of ground, on horsemanship, skill in 
inancBiivring, and the arnie hlanclve^ or whether it is to 
trust to dismounted fire. To train men both to charge 
home and to believe in victory in so doing, and at the 
same time to think that their only safety lies in dis- 
mounted fire, IS a contradiction in terms. It would be 
wholly contrary to human nature if such training proved 
successful. That cavalry, if in the proper use of their arm 
they are to act effectively, must be supported and aided by 
mounted infantry, is not a ni*w exiKjrience, though it has 
l)een much emphasized by the South African war. The 
immense numl)er8 of mounted men ultimately employed 
were a necessary consequence of the ])cculiar nature of the 
contest, and not necessarily a certain element of future war 
under normal conditions. 


The changes of late years both in the organization and 
training of artillery have been very numerous. In the first 
place the old “ royal regiment” has been divided 
into two distinct branches, so that the promotion 
of officers is no longer carried out in one long list The 
officers for the field and horse artillery stand now on one 
seniority list for promotion, the garrison and mountain 
batteries on anotW. Within each branch important 
changes of organization have been also made. In the 
field branch of the regiment, both for “ field ” and * 
“ horse ” artillery, the battery is no longer the one 
“ unit ” for all purposes. A lieutenant-colonors command, 
which for the present bears the anomalous name of a 
“brigade division,” has been created. It consists of a 
group in the horse artillery of two, in the field artillery 
of three batteries. As yet, the organization is not 
carried to its logical conclusion. The lieutenant-colonels 
belong to particular stations, the batteries move from 
station to station. Thus the elements composing the 
“ brigade divisions ” are continually changing. Moreover, 
the “staff” of the brigade division is only formed by 
taking ofiicers from the batteries temporarily attached to 
the command. It is much to be hoped that this may 
soon be modified, and a beginning has been made by the 
appointment of Warrant officers as sergoants-major of the 
brigade division. For the training of the horse and field 
artillery a large area of ground on the wild open country 
of Dartmoor, near Okeham])ton, has for some years l)een 
utilized. A similar school has l)een started at Glen Imaal 
in Ireland. There it is ]) 08 sible, to a large extent, to 
combine the actual firing with service ammunition, the 
bursting of shells and the practice at dummies represent- 
ing artillery, cavalry, and infantry, with training in rapid 
changes of formation and field movements. For these 
purposes the brigade divisions move together and an* 
trained together. An elaborate system of “fire discipline” 
has been worked out in order to bring the whole fire of a 
liattery completely under the control of the officer com- 
manding the battery, so that the officer commanding the 
brigade division may Im able to use his unit for such pur- 
jioses as may be reijuired by the generaPs combinations. 
During the winter and early months of the year the 
batteries are trained in elementary work at their own 
stations. During the summer the brigade divisions give 
practical effect to the training either by preference at 
Okehampton, or if there be not time for all to go there, 
then some have hitherto been sent to Shoeburyness. 
A new training ground has been opened on the area re- 
cently j)urchaBed at Salisbury. There also actual firing 
with service ammunition is combined with field move- 
ments, This jiroraises to become the most valuable field 
artillery school the army i) 08 sesses. Similarly, with the 
garrison artillery, a much more perfect system has been 
devised for the regulation and practice of the fire of a 
fortress. The whole personnel of the artillery within 
coast fortresses is now organized so that the fire can be 
brought to bear upon the positions likely to be taken uj) 
by a hostile fleet. The invention and adoption of instru- 
ments known as “position finders” and “depression range 
finders ” enables the fire to be directed with great precision 
upon given spots likely to be passed by ships. To a large 
extent the actual organization of the defence depends on 
the special nature of the fortress. The organization of 
the defence of a fortress like Gibraltar or Malta must 
obviously differ from that of a tortuous channel such as 
gives approach to the harbour of Harwich. In general 
tefms the manning of the sea-board guns of the British 
islands dejHinds uj)on militia and volunteer artillery, with 
only a small stiffening of regular garrison artillery and a 
proportion of officers of the royal garrison artillery. The 
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jnilitia and volunteer artillery are periodically tmincd in 
the different works to which they are assigned. A practice 
school for the garrison artillery has been established at 
Lydd, but the various coast fortresses themselves carry 
out regular practice with service ammunition. 

It is one of the peculiar characteristics of the service 
of the British anny that, from the extent and disjiersion 
of the empire over the world, it is almost always 
ja ma ry, ^ greater or less scale. If the temple 

* of Janus wore, as an indication of }>eace, closed for one i 
year, it would have the next to bo open^ at four doors ' 
for four different wars. Thus in 1900, indeiDendently of 
Indian frontier expeditions, of which there were more than 
one in the year, Great Britain had war in the Egyptian 
Sudan, war on the West Coast of Africa, two exj)editions 
in East Africa, and war in China, whilst the war in South 
Africa was going on. The practical training of the British 
infantry more than that of any other army is necessarily 
affected by this fact. Not only are the exi)eriences 
through which officers and men jiass in those wars very 
important in their effect on the preparation which they 
give for future war, but they have a great influence on 
the permanent training of the army, and especially of 
the infantry, during peace time. Now even in this one 
year, 1900, no two of the wars were alike in their circum- 
stances ; and, unless the comparison be made between some 
two Indian frontier exiKjditions, hardly in the thirty wars 
■of the thirty years 1870-1901 would it be ix)88ible to find 
two of which the tactical conditions were identical. In 
these circumstances the actual views which dominate British 
schools of training are apt to be modified considerably by 
the most recent experience. This modification finds ex- 
pression to some extent in the successive drill books which 
are issued. It is in reality much more imj)ortant in its 
influence through the decisions given by umpires and the 
comments on field days. The influence of the experience 
of the great war between France and Germany in 1870 
sliowed itself in the training of the British anny for some 
years in a much more ojjen order of fighting, in the 
■continual study of ground with a view to cover, and in 
carefully-arranged turning movements. The influenc’c of 
wars in which Zulus and Mahdists showed the })ower of 
determined attacks pushed home regardless of lo.ss, had 
its effect on our training in a tendency to encourage 
frontal attacks provided that a certain numerical 8U|jeriority 
was attained at a given point. Tiie actual training im- 
|)arted at any given period in the camiis at Aldershot or 
Salisbury has oscillated much between these extremes. 
The training of the other arras being largely de])endent on 
the principles adopted for infantry in defence and attack, 
it is safe to say that there is this necessary contrast 
between the adetjuate training of the British army and 
that of any other European Power, that with the British 
army the officers at least, and to some extent the men, require 
to be prepared for many varied circumstances and condi- 
tions, whereas in the training of other Euroiiean armies 
the conditions under which they will enter upon war are 
fixed and well known beforehand. The extent to which 
a British army is jire^iared by training for a given war 
must depend on the extent to w'hich all the conditions of 
that war have been studied beforehand. In one resjiect, 
however, so far as the infantry is concerned, all wars arc 
alike. In every war the most important power of infantry 
depends on the efficiency of its training in the use of the 
rifle. In this respect several changes of importance have 
been made of late years in the British army. First, the 
actual detail training of the men has been put into the 
hands of the company officers, and they have been made 
responsible for it. Secondly, at Bisley and other places 
a system of ** field-firing ” has been introduced. This 
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consists in a most valuable combination between manoeuv- 
ring to take up the right jiosititm from which to bring 
fire to bear, and the actual shooting at dummies placed 
I to represent different bodies of troops arranged so that 
they can be made to appear unexpectedly in a position 
previously unknown. Further, the combination lietwecn 
drill manceuvres and shooting has l>een imjuovcd by 
re<|uiring the actual orders for all firing to be given 
during the course of drill mameuvres in such a W'ay as 
to determine the object to ho fired at, the range, and the 
nature of the fire. Nevertheless, recent ex]»erience makes 
it almost certain that, under tlie ])re.sent conditions of 
war, almost all firing will beemm; individual and inde- 
pendent. The jmrehuse of a large area of ground near 
Salisbury lias given scojmj for manceuvres on a much larger 
scale than was iJossible formerly. As, indeixuidently of 
this, an Act has been passed to give facilities for the 
carrying out of manoeuvre's on varied ground to be chosen 
from time to time, it is to be hoped that when events 
at home resume their normal course, annual iiiana nvre.s 
may l)e carried out in difleicnt parts of the countiy. The 
system of training at present consists during the winter 
in regularly graduated route-marches, accustoming the 
troops to carry their equipment and anus for long dis- 
tances. At the same time indoor and barrack -yard in- 
struction is given in elementary duties, in the j»rinei])lcs of 
scouting and protection on the march, and in sucli other 
matters as may tend to interest the men in their work, 
such as the nature of their weaj)ons, accounts of wliat the 
battalion has done in the field, and of othei incidents of 
war. In the spring each company in succeshion is relieved 
of all other duties in order that it nuiy go through a 
course of systematic instruction under its coiiq>any officers. 
After the different com^ianies have bt*en inspected by the 
lieutenant-colonel and em})loyed against one another in 
minor field days, the battalion is worked together as a 
whole. At Aldershot, the Curragh, and at special camps, 
the brigades of infantry aie thi'ii w^orked together, after 
which the training ceases to be arm ti-ainiiig and bectunes 
that of the combined arms. In )>rincij>]e, and according 
to the instructions issued from hcadqiuirters, all training 
is conducted on the principle of giving great latitude to 
the company commanders, accustoming them to decide for 
themselves, and to train the subordinates under them to 
exercise similar responsibility. In practice it is to be 
feared that old habit and military conservatism have 
tended to kee}) all rcspon8i])ility and j)ower too closely 
in the hands of the lieutenant colonel, rrohably one of 
the most important effects of the South African wrar wull 
be to bring before the eyes of the army the indispensable 
necessity of training all oflictirs to exercise an increased 
resi>onsibiUty. In any case training for war dejiciids 
much more upon the s}»irit which in those respects 
animates an army than upon any formal regulations. 

The special training of the Engineers is mainly ^ven 
at Chatham, and embraces a very great variety of subjects, 
practically all the technical work of the anny as jj 
described in the article EN(;iXEEKfi. As an “arm 
of the service ” it is a common delusion to sjieak of the 
engineers as essentially “defensive.” The experience of 
the South African war has perha])8 tended to modify this 
popular error. Strategically the offensive action of the 
army there, os always in modern wars, has dei»ended on 
the rapid construction of railways, the restoratioy of de- 
stroyed bridges, and generally on those means of rapidly 
improved facilities for advance for which an army depends 
on the engineers. For that reason, even in Napoleon’s 
time, engineers have always been jiresent with the ad- 
vanced parties of every column w'hen moving forward 
with an army. Without the pontoon train, bridging 
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detachments, and the iwirties for removing obstacles, an 
army would be incessantly delayed, independently of the 
necessity for much larger o|>erations on great rivers and 
on the general lines of railway. The changes that have 
taken ])lace and are continually taking place in the detail 
of engineer organization and equipment simply consist in 
the adaptation to military pur])oses of the progressive 
advajnce of science. Otherwise there is little to note in 
any clmngivs of organization in the cori)H. The develoji- 
ment of hasty entrenchment in connexion with the move- 
ment of urini(}s in action has become and promises to 
become still more one of the most marked features of the 
jiresent ])hase of war. It is at least as imjiortant on the 
offensive as on the defensive side. 

The Boer war has concentrated attention on the extreme 
importance of the rapid transfer <jf shooting ]>ower from 
point to iK)iut of a field of battb' or of a ciimpaign. 

circumstances of the canijiaign 
have perliaps tended to leave an undue impres- 
sion, both of th(» degree in wliich this is a novelty and of 
the extent to which it i»romise9 to dominate future warfare. 
Napoleon gained most of his e.\eept]onally linlliant battles 
during the 1H14 (uimpaign, wlnm with a handful of men 
he was ke(*jnng liack the overwdielming masses of Allied 
EurojK* by this very means, lie moved from side to side 
of tlie theatre of w'ar the whrde of his brigade of guards 
on country carts. It must be understood tliat the hors(‘s 
or col IS that art* employed with the dt^bichments of infantry, 
who havti been trained at Aldershot and elsewhere, are 
only intendeil to supply the place of Napoleon s country 
carts. It may for various rtjasons bt* (lonbU*d wdiether 
under most conditions of warfare the cart is not the 
vehitile to be ]ireferrt»d. It is a tpiestion of cireunistance. 
The Bot‘rs w’ere a nation of trained riders and traiiu'd shots. 
In its Colonial troops and in some of the home yeomanry 
the British Empire iKissesses similar material. It is obvi- 
ously desirable to utilize this iiiatoial. The question is 
altogether ajiart from that change of the equipment, role, 
and training of the cavalry arm, which has Inieii diseusB(»(l 
under cavalry. At ])resent there is no organized body of 
mounted infantry as such as a jieaco branch ol the British 
army. For the purposes of the Boer wai regularly formed 
brigade's fif mountt^d infantry have been ertiated out of the 
various contingents of mounted infantry furnished by 
home liattalions and the Colonial corps. 

There can lx* no doubt that, especially in a country like 
England of numerous and excellent roads giving immediate 
access to favourable ground in which to delay 
* ** and puzzl(» an invading enemy, the bicycle lias 
established itself as a most valuable agent in war. It is 
certain that the teinhmcy of time will be greatly to enhance 
its imiiortance not merely for the purjioses for which it has 
been frequently used, those of saving horses by its use for 
orderlies and for scouting, but for delivering more con- 
siderable bodies within the fighting area. There are such 
large iiumliers of men available who can both shoot and 
ride, or who can do one and w’ould easily learn to do the 
other, that it is impossible that this valuable material 
should be long left to go to waste. Only practice and 
organization are needed to develop a most useful auxiliary 
in the defence of the country, and the volunteer com]janies 
that have been started promise to be the forerunners of a 
new arm for the British army. 

TJie tnMisjiort and supply depirtmcnts have been formed 
into the Army Service Corps, organized by com]>anies 
with semior officers locally appointed, very much 
Army af, is done in the case of the royal artillery. The 
Army Service Corps is administered through these 
senior officers directly from the War Office, under 
the orders of the several general-officers commanding dis- 


tricts. The officers appointed to the Army Service Corps 
after a probation from regiments of the line, during peace 
time undertake the purchase of forage, and have under 
their immediate supervision such transport as is kept uji 
during peace time. They have the privilege of being 
appointed to the staff for what are known as B duties, that 
is, virtually for the work of the quartermaster-generaVs 
diqiartment — food-supply and transport for man and beast. 
Contracts for these are made by them under the authority 
of general - officers. They suiierintend the bakery e8tal> * 
lishmeuts and the aliattoirs. 

Hitherto in the matter of transjiort one large branch has 
been distributed to battalions under the title of “ regimental 
transport.” It was taken charge of and cared for by the 
battalions. It would seem probable, from the rejiorts 
on the subject made by Lord Koberts, that this arrange- 
ment will be modified. Originally it was designed to 
enable regiments to have transport always available for 
their immediate needs on the march, and to bring up their 
supplies from the local depot. This was objected to in 
Africa, because it deprived the army at large of the services 
of that part of the transjiort which belonged to battalions 
not at the time on the move. 

The Army Ordnance de])artment was reconstituted on 
31st March 1900. The Army Ordnance Corps is immedi- 
ately under the director-general of ordnance, and 
consists, as to officers, of a principal ordnance 
officer ranking as major-general, of eight Ist-class ordnance 
officers ranking as colonels, of fifteen 2nd-c1aHs ordnance 
officers ninking as lieutimant-colonels, of twenty-five 3rd- 
class ranking as majors, of fifty-three 4th-cla8s, of com- 
missaries of ordnance, deputy commissaries of ordnance, 
assistant-commissaries of ordnance. It is charged with 
providing, rt'ceiving, holding, and issuing munitions of war, 
military stores, clothing for use in camps, and both clothing 
and necessaries for use in the field. The corjis consists of 
eleven conqianies with a depot company. It is, so far as 
the ])ersoun6l of these coinjianies with their non conimis- 
sioued officers and men is concerned, administered from 
Woolwich by the ordnance officer, 2nd class, who is in 
command of the depot there. He acts for this purpose 
as staff-officer to the director-general of ordnance. It is, 
however, difficult to say whether the functions of this 
de}>artment are more important at home or in the field. 
Some estimate of the nature of its functions may be 
formed by the following list of articles sent out to South 
Africa befoir the faff of Pretoria, We have not the figures 
of a later date, but obviously the special strain was prior 
to that event. Afterwards it became simply a question of 
keeping up such further supplies as were asked for. Wo 
record the figures chiefly because we believe them for a 
despatch to a canqiaign 7000 miles off to be uni(]ue in the 
world's history. 


Ammunition, 


Over 105,000 rounds for the 12-pr. horse artillery gun 


„ 330,000 „ 

„ 30,000 „ 

„ 20,000 „ 

Nearly 21,000 „ 

„ 380,000 „ 


,, ,, 15-pr. field gun 

,, ,, 5-iu. ho>ivitzer 

„ ,, 5-iu. gun 

„ „ 4-7 gun 

„ ,, pom-pom (37 luillimetres) 


Drab suits . 
Khaki suits . 
Boots (flairs) 
Woolleu drawers . 
Jerseys 
Worsted socks 
Cotton socks 
Flannel belts 
Flannel shirts 


much over 200,000 
about 80,000 
over 870,000 
„ 400,000 
„ 200,000 
„ 860,000 
„ 170.000 
„ 400,000 
„ 500,000 


Cloihintj, 
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General Stores. 

Circular touts 18,000 or thereabouts 

Blankets over 420,000 

Waterpoof sheets ... „ 300,000 

Camp kettles .... ,, 37,000 

Horse rugs .... about 100,000 

Bets of ten or six spare mule harness, nearly 6, 000 

The medical department is administered from the War 
Office by a director-general and his staff. It is now formed 
into the Royal Army Medical Corps, to which 
^Msdleml officers are gazetted with commissions. The 
Army Medical Staff consists of ten surgeons- 
' general. The Royal Army Medical Corps con- 
Bists of colonels, lieutenant-colonels, majors, cajitains, and 
lieutenants. There are about 900 officiTs in all, besides 
50 quartermasters. There are 36 warrant officers, 336 
staff-sergeants and sergeants, and before .the war rather 
more than 2000 rank and file. Theses were supplemented 
during the war by civil surgeons siK*cially engaged for 
the war, both in South Africa and at home, and by the 
employment of volunteer medical orderlies. The chi<‘f 
general hospitals are at Netley, Woolwich, and Aldershot. 
There are also station hospitals, lunatic hospitals, and 
hospitals for women and children. 

For service in the field, bearer companies, field hospitals, 
station hospitals, base hospitals, and general hospitals at 
various }X)ints on the lines of communication have been 
set up. Convalescent homes, both for officers and men, 
w(Te found necessary in the South African campaign, 
and would probably be always used in any protracted 
•o])eration8. In the army corps organization one bearer 
company and one field hospital is attached to eacli brigade 
<)1 cavalry or infantry, one field hospital to c'ach of the 
<livisions as such, and one field hosfiital to the corps 
troops. W^ith the army corps there are six liearer com- 
panies, ten field hospitals. During a camfiaign a medical 
officer is attached to each unit and has especial cliarge of 
the regimental stretcher-bearers. 

Each “ general hospital ” Iuib a staff of women nurses, 
consisting of one superintendent, eight nursing sisters, two 
femali? servants. 

An attempt has been made of late years to connect the 
militia and volunteers more closely with the regular forces 
by constituting every corps, whether of militia 
Ponis!’^ or volunteers, as a “ battalion ” in name at least 
of a particular regiment of which other regular 
battalions formed part. As the several liattalions of 
regiilars and militia or volunteers are never or only 
accidentally associated, the arrangemcmt is little more 
than a iiajx^r one. Indeiiendently of this the volun- 
teers have been nominally formed into brigades under 
“brigadiers.” Those officers have little or nothing to 
connect them with their brigades except on those few 
occasions when the brigade is, as a whole, brought out to 
a camp of exercise. Normally during jwace time all the 
work of inspecting and carrying on the correspondence of 
volunteer liittalions and batteries is done by the colonel 
of the “regimental district,” who has under h^ the depot 
of the regular battalions and all the militia and volunteers 
of the territorial region to which the regiment is assigned. 
He in fact constitutes the link lietween the several auxiliary 
forces and the regular battalions. The adjutants of the 
vol^teers, and the ai^utants and quartermasters of the 
militia, and the non-commissioned officers forming the 
“permanent staff” of the militia, and the instnictors of 
the volunteers, are detailed from the regular battalions of 
the regiment, but at that i)oint the connexion has hitherto 
Btopp^. The numbers of militia on the 1st January 1901 
were 92,741, and of volunteers, 277,900. During the 
year 1900, in consequence of the Boer war, the whole of 
the militia were embodied, that is to say, called up for 
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home service and regularly brought on jiay. Thirty-five 
battalions, having volunteered for service abroad, were 
sent to South Africa, St Helena, or the Mediterranean. 
This has been the customary practice of war in relation 
to the militia, and constitutes them an cxt^eedingly valu- 
able force for setting free the active army in the field. 
Unfortunately, during ixjaoe time their o])]»ortunitics for 
rifle practice had l>oen so limited that coini»aratively few if 
any of these men had been through any musketry training 
before they sailed for their foreign station. 

In the case of the volunteers the patriotic zeal ( J the 
year 1899-1900 led to a new dcjiarture, and creat<‘d a new 
link between them and the regular Imttalions of the “ regi- 
ments” to which they both iHilonged. Seven tliousand 
volunteers joined by companies the regular battalions, and 
were enlisted as regular soldiers for the year, while 2163 
volunteers enlist€*d in the army reserve. 

Seeing tliat the “British aimy ” is the army as it is in 
war, it appears advisable to show in the following Table A, 
taken from the report of the inspeetor-gen(»ral ol 
reeniiting, the different sources from which the 
number of regularly enlisted forces for home mrmy, 
and colonial service had been iiKircased from 
290,914, at which it stood on 1st January 1900 after the 
general mobilization, to 406,1 13 by the 1st January 1901. 
This shows only non-commissioned officers and men, 
and allows for loss by death (10,153) and other causes, 
in all, including denths, 37,269. It is put alter the 
auxiliary forces because it wull be se(*n how largely they 
contributed to swell the total. The regular forces on the 
Indian establishment of all arms and tanks are given in 
the army estimates at 63,023. These, tlu» total establish- 
ment of officers, the militia (100,008), various colonial 
militia, the remainder of the army reserve aft^^r mobiliza- 
tion, the native Indian regiments (22,313), the yeomanry 
(8657), the voluntt'crs (277,900), and the mimlxjrs on the 
general staff have to lie added to those in Table A 
Together they make up a total, exclusive of the local forces 
of the self-governing cedomes, of about 840,000. 


Table A. — Home and Cofontaf Estnhlishnieni 
{Rank ami File), 

!Cnac’ti\o on 


1st Jujiuluy lyow 

lift tlaiumry lllCl. 

Household cavaliy 

1,‘JU 

1,518 

Cavalry of the line , 
Inqicnal Yeoiiiiinry . 

21,389 

30 07.5 

8,824 

Royal Artillery- 
Hoi-sf and ^ield 

2 :., 888 

34,016 

(luniHon 

21,982 

24,886 

Royal Engiiieors 

y.-iSd 

12,780 

Foot Guards 

11,740 

13,845 

Infantry of the hue 

Iiihwitry, leseive legimeiits 
Colomal troojw 

City of London Imperial 
Volunteers ^ . 

178,745 

216,221 

17,961 

8,512 

30.221 

Army Service t\»ips . 

5,069 

7,536 

Army Oidiiancu Coriis 

Royal Army Medical Coijjs 

1,593 

1,984 

1.068 

5,551 

Army Pay (Jorjw 

.^»58 

621 

Anny Post Ollicc Corps . 

160 

374 

All arms . 

290,384 

406,443 


The term “mobilization” is one wffiich is in fact due 
to the short-wjrvicc system. It implies the calling up of 
the “ reserve ” created by relegating to civil life 
the trained soldiers who are held to serve when 
called upon. It implies the complete equip- 
ment and clothing of all that part of the army which is 
“ mobilized ” with equipment and clothing not necessary 
for peace service, but kept ready for war. It implies a 
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vast increase in the nunil^er of horses required by the army 
brought in from civil proprietors who have their names 
registered for the purpose. It implies the creation of a 
new ** reserve ” to keep up the num^rs of the units in the 
field. This new reserve is formed in the following way : — 
When the “ reserve ” soldiers are called up to the colours 
those young soldiers who are not sufficiently trained to 
take their places in the ranks, or are not yet of a suitable 
age to be sent out, are relegated to depots left at home, 
their place being taken by the men from the reserve. 
There are also a large number of the “ reserve ” who are 
not recpiired to fill up the vacancies in the battalion going 
out. These l)ec()mc what are known as “ excess numbers.” 
Naturally, the men left l)ehind are at various shiges of 
training. Some of them will in a mf)nth or so have com- 
jiletud thtjir musketry training, and will then Is? quite fit 
to take their places in the ranks. Others have been laid 
up by some temporary accident or passing malady. It 
results from this that every month there are always coming 
on fresh men ready to take their places in the army at the 
front. The “ excess numbers ” of tlu‘ r(‘Herve help largely 
to sup])ly any deficiency. In this way, as a matter of fact, 
the numbers in units at the seat of war, as they have 
suffered from the attrition that wears them down in the 
field, have been kept during the South African campaign 
more regularly supplied with drafts than has been the 
ease in any other in whieh the British army has (»ver 
been engaged, and much more peitectly than is recorded 
as the ordinary condition of most armies dm mg a cam- 
paign. It is therefore a jioiiit not worth (liscussing 
whether the term ‘‘reserve” is or is not properly applied 
to th(*. ])arti< ular men who are called the reserve (because, 
as it IS said, a “ reserve ” ought not to eonsist of men who 
are, many of them, at once ])ut into the ranks in the field). 
That mistake, if it be a mistake^ has been made liy every 
nation in Iiluro]K' ; but in any case, tin* res(*rve behind the 
front, the rciserve which fills ui> the losses of a camyiaign, 
has been ])r(3vided mor(' perfect!}' by this system than by 
any other that Great Britain has ever had. Moreover, 
for the jmrjioses of keejiing u]) a uiiitonii strength at the 
front, it is one that continually and automatically renews 
itself, because, by the time that the “excess numbers” 
and the earlier lists of young soldieis who have been 
gradually sent out to the war in drafts have been exhausted, 
this reserve is supplied from fresh sources. Men wounded 
in the early stages of the caiiqiaign, or indisposed without 
being very seriously ill, begin to arrive at the depots after 
convalescence. The recruits eulist^Hl since the war are, 
many of them, beginning to come to maturity. Tlie 
interest and excitement of the war has drawn back into the 
ranks older trained soldiers who have offered themselves. 
In short, from various causes the drafts can be filled u]) 
month by mouth. This, of which we have given such an 
ideal sketch as presented itself to the minds of the framers 
of the scheme, is precisely wlut happened during the 
South African war. TJiat was the value and importance of 
those 90,000 odd soldiers of whom we have heard as exist 
ing in England after the mam army had boon sent to South 
Africa, who, though they were not an army fit to take the 
field because they were only “details,” were yet an invalu- 
able element in keeping up the fighting strength of the army. 

It is necessary further to observe that, whereas for 
Germany or France the time which mobilization ought 
to take depends on a competition in readiness with a 
noighboSr across a frontier, for Great Britain that time 
depends on quite a different consideration. If the men are 
completely ready to embark as soon as the ships can be 
made ready for them, that re])resent8 the time and the 
only time at which there is any object in aiming for any 
other purjiose than tliat of home defence. 
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The organization of an army for war is designed to 
make it a body as flexible and mobile as possible in the 
hands of its commander. The ideal army that 
Wellington had formed by the end of the Pen- ot 
insular war was one that could, as he expressed bighT 
it, “go anywhere and do anything.” The or- 
ganization of the British army during {leace time 
has hitherto been essentially an organization by stations — a 
stationary organization. The units composing the several 
garrisons of the stations are in a continual state of flux . 
and reflux. There has hitherto been no higher organiza- 
tion anywhere maintained as a whole complete in all 
its parts for more than a short time. In part this 
is an inevitable consequence of the different conditions 
of service between the army of a world-wide empire and 
that of countries like France and Germany, which have 
all their peace duties within a ring-fence of the borders of 
their fatherland. The corjis which in Germany occui>ies 
a particular district is designed to move as a whole when 
it is required for war. The troops, which in England are 
stationed in a certain locality, have two entirely distinct 
functions. The several units are on a roster for foreign 
service, and will each in their due turn go to India or the 
Colonies, being replaced by other units from abroad. In 
the event of war they liave hitherto been formed with 
other units into brigades, divisions, and army corps, but 
they have not been in those organizations jirior to the 
]>rc|»iiration of the expeditionary army. The generals to 
command and the stafis to direct them have been appointed 
for the sjiecial jmr|)ose. To this there are two slight ex- 
ceptions to be made. At Aldershot, in addition to the 
stationary headquarters staff of the general in command, 
there have been statioiiaiy brigadier-generals with their 
staffs. The units com})osing the brigades have been in 
the same condition of flux and reflux as the other parts 
of the British army. Aldershot was, up to the time of 
the acquisition of the ground at Salisbury, the one great 
training-place of the British army in England, just as the 
Curragh is in Ireland. It is still the principal training 
school of the army. Therefore, in order that all jiarts 
of the army may share in this training, battalions and 
batteries have been only kept there for a short tour and 
then either gone out to stations abroad or taken their 
turn at otlier stations at home. 

Thus the ^^ermanent peace organization of the higher 
parts of the British army has remained as described in 
the ninth edition of this Encyclopiedia, one of district 
commands. The organization for war has been a paper 
organization, different in iiractice for each campaign, 
according to its nature, but having as a basis the tabular 
statement of units given in Table B, which is at present 
the paper organization of an army corps. 

The other exception to the rule of perpetual flux and 
reflux has been the brigade of Guards. The three regi- 
ments of the Grenadier, the Coldstream, and the Fusilier 
Guards, to which was added in 1900 the regiment of 
Irish Guards, are not liable to ordinary or colonial service. 
Therefore, their organization at homo remains constant, 
and they are available as a whole for active service in the 
same organization in which they are trained in peace. The 
close connexion by short steam journey with Gibraltar 
caused that fortress to be treated for a short time as a home 
station, and garrisoned by the Guards in order to reduce 
the number of line battalions abroad in proportion to those 
at home. That arrangement was soon given up, and it may 
therefore be treated as a temporary episode, but it did not 
very materially affect the broad distinction between the 
permanency of the Guards’ organization and the perpetual 
change of all other units. The new scheme laid ^fore the 
House of Commons by Mr Brodrick in 1901 was an attempt 
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to meet the difficulty which has hitherto prevented the 
training at home of bodies such as are at once required 
for action in the field. It is pointed out in the ninth 
edition of this work that **a8 the battle-field is the 
ultimate object of all preparation, administrative con- 
siderations must give way to tactical ones wheie they 
clash, and all organization must conform to the tactical 
requirements of Qie day.” Unfortunately, the adminis- 
trative difficulties which attend a vast empire, a free 
• constitution, and voluntary service, and the indispens- 
able condition of presenting an economical budget, have 
hitherto prevented the practical application of this sound 
principle. In order to create the reserve for filling up 
the ranks for war, and to provide for the colonial reliefs, 
it was arranged that there should bo a battalion at home 
which should supply the battalion of the same regiment 
abroad with the annual draft required. This consideration 
became so paramount, that the importance for the puipose 
of training staffs for their work in war, and, therefore, of 
having constituted staffs to tmin, fell into the background 
at a time when the nation only calculated uijou having to 
prepare for minor operations. There can be no doubt that 
the South African cam|)aign plainly showed tliat trained 
staffs, accustomed to work together, and each to know 
its own particular share of the work, are indisjxjns- 
able to the smooth working of a largo organization. 
The plea that it is frequently necessary to send out 
forces no larger than a division, and, therefore, that 
an army corps is not wanted, is not a strong one, because 
a division, or a force of similar strength, will not be 
the less effective because it is taken out of a larger body 
habitually associated witli it, and out of which it can be 
supplemented by other troops with which it has regularly 
worked. 

We give in liable B the ordinary composition of a British 
army corps, liecause it is well that the term should be 
understood ; but, ever since this form of organization for 
armies was created, army coq)S have been of an infinite 
variety of form. All that the term implies is that it is a 
little army complete in itself, formed of every branch of 
the service, and being made up with all that is necessary 
to enable it to take its place in the field : that in itself it 
stands ready for war as soon as it has been mobilized. An 
army made up of army corps consists of several associated 
small armies, each capable of indejicndent action in all 
respects. The “ divisions,” though called ** infantry divi- 
sions,” ill fact consist of all arms, and frequently the 
several arms have been distributed throughout the 
divisions to form what arc called “mixed divisions.” 
In the German army there is a double organization by 
which, while the several arms are associated together, 
unit by unit, larger bodies of each arm are for the 
purpose of working in larger bodies of the arm associated 
together. 

The great difficulty which encounters any attempt to 
associate large bodies of troops in England without fiux 
Supply ot refiux, lies in the necessity of making pro- 
tfroopf ^ vision for the constant interchange and relief 
toriajia between the units at home and abroad. The 
Md tb9 « ciy of the exiles ” is too strong to permit of 
o on M. being left abroad for more than a reason- 

able number of years, and experience has shown that there 
are grave disadvantages in allowing two separate systems 
to grow up in different parts of the empire. On the whole, 
it has proved better for the training of drafts that they 
should not be sent direct from dejiots to India, but that, 
after a few months with the depot, they should be passed 
to battalions which will, in turn, later in the year, send on 
a draft to the sister battalion in India. In order that this 
may not ix^ure the home battalion it is necessary that the 
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draft should bear only a limited proportion to the strength 
of the nucleus of the battalion, and that the draft supplied 
early in the year to the home battalion from the de|M>t 
should considerably exceed the draft to be sent out later 
to India; but, if provision be made to that effect, the 
system appears to work best for both battalions. A 
similar allowance is necessary for the cavalry, and even 
more for the artillery, because in the case of batteries it 
becomes a question, if the draft is too severe, of the loss 
of specially trained men. Indej)endently of the movement 
of drafts, the change in units will involve special provision 
if the value of the permanent organization by army coips is 
not to be lost. 

Table B.— 7%e Anny Cotys, 


j Ofllcere. 

I 

Warrant 

and 

N. C. Officers 
And Aim. 

Total. 

SUff 

81 

137 

171 

3 Infantry Divisions . . i 

97H 

29,124 

30,102 

1 Cavalry Regiment . 

125 

506 

531 

Headquarters Cavalry Regiment. 1 

7 

44 

51 

Corps Artillery (6 lield, 2 horse 




batteries) .... 

60 

1,639 

1,699 

Ariiiminition Paik 

20 

672 

692 

Regimental Staff Cor]>H Enginueis 

2 


8 

1 Pontoon Troop 

5 

208 

213 

1 Telegraph Division . 

6 

23S 

244 

1 Balloon section 

8 

: .M ' 

54 

1 Field comiiaiiy 

1 Field Park .... 

7 

1 205 

212 ! 

] 

1 44 

45 I 

1 Railway com]»any . 

5 

1 153 

158 i 

1 Battalion Inlanti^ 

29 

, 98 J 

1,01M 1 

Supply Column . 

6 

34.'. 

151 

Supply Park 

9 

. 531 

510 

Field Bakery 

' 5 

' 312 

317 

Field Hospital .... 

5 

L 

61 

Grand total with Field Force , 

Detail left at base 

1 1207 

85,052 

36,259 

1 37 

3,299 

3,336 


Transiwrt — 

Horses, riding 

2S37 

,, draught 

7231 

Pack animals 

76 

Total 

. 10,147 

Vehicles — 

Carts, 1 horse 

55 

„ 2 horses 

809 

Waggons, 4 hoisi s 

.514 

6 „ 

523 

Total 

1401 


The War Office, as at present constituted under the 
supreme and absolute authority of the Secretary of State 
for war, is regulated, so far as its military per- 
sonnel is concerned, by an Order in Council of o///ce mud 
the 7th March 1899. That Order, altering in gmrmt 
certain respects the Order in Council of 21st ^dmiait- 
Novemlier 1895, which is cancelled by it, pro- ® 

vides for the distribution of the military branch 
into five great departments — those of the commander-in- 
chief, of the adjutant -general, of the quartermaster- 
general, of the inspector-general of fortifications, and of 
the director-general of ordnance. Each of these officers 
“ advises the Secretary of State ” directly on all questions 
connected with the duties of his department. 

The several officers are assigned duties which may be 
summarized thus : — * 

Principal adviser” and “general 
suporintender ” of military departments. He is charged 
with the issue of army orders, inspections, the distri- 
bution of and “mobilization” of the land forces, with 
schemes of offensive and defensive warfare and military 
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information, with reconwiending for commissions and 
proposing officers for promotion, honours, appointments, 
and rewards. 

AdjuUint-General. — Discipline, military education and 
training, ^rntterns of clothing and necessaries, returns 
and statistics of personnel, enlistment and discharge, and 
establishments. In the absence of commander-in-chief, 
acts for him. 

QiMrterniaster ‘ Gerieral, — Food, forage, fuel, light, 
quarters, land and water transport, remounts, movement, 
distribution of stores and equipment, the administration of 
the Army Service Corps and Pay Department, sanitation. 

Inspector - General of Fortifications, — Fortifications, 
barracks, and store - buildings, ins|)ection of ordnance 
factory buildings, military railways and telegraphs. War 
Office lands and unoccupied buildings, submarine mining 
stores. Estimates for Engineer services, appointment 
and removal of officers Royal Engineers, technical instruc- 
tion of Royal Engineers. 

Director-General of Ordnance . — Warlike stores, equip- 
ment, clothing, the direction of the ordnance committee 
and manufacturing dojMirtments. Armament patterns, 
inventions and designs, inspection of all stores. The 
administration of the Army Ordnance De])artment and 
Army Ordnance Corjis; annual estimates for these services. 

The most important part of the War Office is, however, 
not mentioned in the Order in Council. The ** sinews of 
war have at all times been money, without which neither 
could the army exist nor any military oiieration in peace 
or war be undertaken. It is true that, as a kind of 
appendix to the Order in Council, the statement is made 
that “the financial secretary is charged with the whole 
finance of the army in gross and detail^’; but it is not 
mentioned that the “War Office” is a great iiermauent 
civil service, which has both independent offices, with 
its own heads, and also ])ermeates the whole of the five 
departments. The Secretary of State has under him, in 
addition to the officers charged with the five depart- 
ments and the financial secretary, a parliamentary under- 
secretary, who represents him in the House to which he 
himself clo£*s not belong, and a permanent under-secretary, 
who is the head of the permanent civil service of the 
War Office. 

The enormous relative power of the civil service within 
the War Office, as conqmred with the military heads of 
departments, dtjpends on the fact that these latter are 
appointed for five years at a time, and ]ms8 and repass 
through the War Office, while the War Office civil service 
is a permanent body which preserves all the traditions of 
decades, and can cite at will the records of opinion given 
at ditFerent ei»ochs by soldiers who have temporarily 
occu])ied cliairs in the office. Soldiers, like doctors, 
lawyers, and })arsons, when called in to diagnose a case, 
do not always exhibit an absolute and instant agreement 
in the statement of their views. A Secretary of State 
holding all authority is necessarily much more likely to 
lie impressed with the consistency and weight, and the 
method of a carefully collected catena of opinions, than 
with the comjiaratively casual dicta of men, very much 
overworked as compared with the officers of any other 
department of the kind in Europe, and relatively un- 
familiar with the office aspect of a question. The prac- 
tical result is, that the ordinary conviction of nearly every 
soldier employed within the office has been that he was 
helplessQr in the hands of the permanent officials. This 
is altogether apart from the question of the supreme 
authority of the Secretary of State as the representative 
of the Cabinet. 

The committee which in 1901 reported on the re- 
organization of the War Office appears to have taken this 


view of the question, and to have considered that a better 
state of things would bo produced if the authority of the 
War Office were largely devolved upon the army corps 
commanders to be created under Mr Brodrick’s scheme. 
The practical possibility of this would appear ultimately 
to depend upon the extent to which Parliament will be 
content to accept reference to the army corps commanders 
as a final one as long as they are sustained in office. It 
is obvious that if the Secretary of State is to answer in 
Rurliament for every incident that takes place in every • 
army corps no practical independence can be left to any 
of them. Everything must be reported to the War Office 
in order to satisfy the demands of the House. It is a 
large question which can only be judged in its practical 
outcome. 

In accordance with the recommendations of the com- 
mittee on War Office Reorganization presided over by Mr 
Clinton Dawkins in 1901, the Secretary of State directed 
that in future the “ War Office Council ” should be con- 
stituted as follows: — President — the Secretary of State 
for War. Members — the Commander-in- Chief ; the 
Parliamentary Under-Secretary of State ; the Permanent 
Under- Secretary of State; the Financial Secretary; the 
Quartermaster-General ; the Insi^ctor-General of Forti- 
fications; the Director-General of Ordnance; the Adjutant- 
General; the Director-General of Mobilization and Military 
Intelligence ; the Director-General, Army Medical Depart- 
ment (for medical and sanitary questions) ; the Secretary 
of the Council ; and such other members of the staff of 
the War Office as may be specially summoned from time 
to time. In the absence of the Secretary of State, the 
Commander-in-Chief acts as president. 

A Permanent Executive Committee of the War Office 
was also appointed, with the object of co-ordinating the 
business of the office and of ensuring that combined action 
might be taken in matters affecting more than one 
department. It consists of the following: — the Per- 
manent Under-Secretary of State, or, in his absence, the 
Assistant Under-Secretary of State, chairman ; the Deputy 
Adjutant- Geneiul, or, in his absence, an officer selected 
by the Adjutant-General ; the Assistant Quartermaster- 
General, or officer selected by the Quartermaster-General ; 
a Deputy Inspector-General of Fortifications, or an officer 
selected by the Inspector-General of Fortifications; the 
Deputy Director-General of Ordnance, or an officer selected 
by the Director-General of Ordnance; an officer of the 
Mobilization section of the department of the Director- 
General of Military Intelligence ; an officer of the 
Intelligence section of the department of the Director- 
General of Military Intelligence ; the Deputy Accountant- 
General, or an Assistant Accountant-General ; the Deputy 
Director-General, Army Medical Department, or an officer 
selected by the Director-General ; the Assistant Director 
of Contracts; the Secretary of the War Office Council, 
who will act as secretary of the executive committee. 

In addition to the above, the “Army Board,” which 
consists of the Commander-in-Chiof, the Adjutant-General, 
the Quartermaster - General, the Inspector - General of 
Fortifications, the Director-General of Artillery, with 
usually the military secretary, as assessor, and the 
Director-General of the Army Medical Dejiartment now 
added, meets at such times as may bo fixed by the 
Commander-in-Chief. 


T.ABLR C.- 

CorpH. 

--Temu of Service. 

with the 
Coloun. 

tn the 
Reserve. 

Boys 

12 

— 

Household Cavaliy . 

12 

— 

Cavalry of the Lino 

7 

5 

Royal Artillery 

. . . . 7 

5 
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Table C . — Tenm of Service — cmtinued. 


Corps. 

Royal Engineers— 

Uppers for Companies and for 1st and 
2nd Divisions Telegraph Battalion . 
Sappers for Bridging Battalion . 
Drivers .... 

Military Mechanists . 

Railway Reserve • 

Telegraph Reserve 
Submarine Mining Reserve . 

Foot Guards — 

Bandsmen .... 

Otlier Recruits . 

Infantry of the Line 



With the 
Colours. 


7 
3 
3 

12 

8 


12 

7 

or 3 
7 


or 3 

Royal Army Medical Corps ... ^ 

or 3 

Army Service Corps .... 8 

Army Ordnance Cori>a — 

Armourer, Machinery Artificer Sections 12 

Other Recruits ..... 7 


In the 
Resorvo. 


5 

9 

9 


3 


5 

9 

5 

9 

5 

9 

0 


5 


Daily Rate of Pay of LoweM Hank, 


Royal Horse Artillery — 

Gunner . . ... 

Driver 

Household Cavalry 

Cavalry of the Line .... 

Royal Field Artillery- 

Gunner 

Driver 

Royal Garrison Artillery - 

Gunner 

Royal Engineers — 

Sapper 

Foot Guards 

Infantry of the Lino .... 

Army Service Corps .... 

Royal Army Medical Cori)s 
Army Ordnance Corps .... 

Boys, all corps, until they attain the 

of 18 


age 


s, d. 


‘4 


I 2i 

1 li 
1 1 
1 0 
1 0 
1 2 
1 2 


0 8 


With an addition, in all corps, oi 3il. a day messing 
allowance on obtaining a crrtilicato of niihtury efhciein'y 
from the commanding oflicer. 


The actual working out of Mr Brodrick’s new scheme 
for having six army corps organized in the United King- 
dom had not been promulgated at the time when 
IcbemT necessary for this article to go to press. 

It was only known that Aldershot, Salisbury, 
and Dublin were to be the headquarters of tlie three active 
army corps, and Colchester, York, and Edinburgh of 
what may be called the throe sedentary army corjis. The 
scheme had involved much labour, but, even on paper, 
the detailed distribution of the several units of the army 
into their brigades, divisions, and army corps, and the 
definition of the territorial limits of the commanders* 
authority, did not appear to have reached its final stage. 
It has, we believe, been decided that there will be one 
marked difference between the new array corps and those 
which are known as such on the Continent. In Russia, 
France, Germany, and Austria the several ranks of senior 
officers have direct relation to the functions which they 
fulfil. Normally the army corps is commanded by a 
general, the division by a lieutenant-general, the brigade 
by a major-general, the regiment forming an intermediate 
link between the brigade and the battalion. In England 
this intermediate link does not exist as a jiart of the pi-o- 
gressive expansion of the army from its smaller to its 
larger organism. The regiment forms the connecting link 
between the battalions at home and those abroad, and in 
some sort between the regular and auxiliary battalions. 
It is not intermediate between the battalion and the 
brigade. It appeared, from the indications furnished, to 
be intended to appoint colonels as brigadier-generals to 


command the brigades, major-generals to command the 
divisions, while three full generals (Sir Red vers Bullcr, Sir 
Evelyn Wood, and the duke of Connaught) were api)ointpd 
to the first command of the three active army corps, tliough, 
on Sir Itedvers Buller’s retirement m October 1901 his 
successor in the command of the 1st Army Corps, Sir 
John French, was a major-general with the local rank of 
lieutenant-general. If this be so, the rank of lieutenant- 
general would virtually disap] >ear trom the ordinary 
course of the miliLiry hierarchy during jHjact' time. As 
experience has showTi in South Africa, it becona‘s a very 
necessary link in any considerable war, and major-generals 
have bcjen apiioinu^d w’lth “local and temporary” rank as 
lieutenant-generals accordingly. This stej) as to the peace 
organization would have the lurthor inqiortauce of greatly 
limiting the possibility of promoting major-generals during 
I>eace tune. The royal warrant already referred to makes 
that jiromotion de])endent upon there being a specific 
appointment to which the jiromotioii is made. The fill- 
ing up by major-generals of the sjiecific ai»iM)intment8 
which in foreign armies arc reserved for lieutenant generals, 
obviously aflects this question very materially, and ]iracti- 
cally would jiroduce the result that nearly ail officers who 
reached the rank would tci inmate their career as major- 
gtmerals. 

Two departments, each of which proved during the Boer 
war to be inadequate for the work assigned to it, have been 
the subjects of recent and special investigation, viz., the 
army medical department and the remount department. 
Experiimce has shown that the attractions offered by army 
medical service have not been adequate. Briefly, the new 
scheme is as follows : — The dejiartmenl is to be adminis- 
tered by an “Advisory Board” of nine members under 
the chairmanship of the Director-General. Two of these 
are to be officers of R.A.M.C., two civil physicians, two 
civil surgeons, one representative of the War Office, one re- 
presentative of the India Office. It advises on all meihc^il 
army matters, including promotion of officers, thus suiier- 
seding the “]>romotion board,* whicli hitlierto has dealt 
with that subject. The scale of pay is to be — 


Lieutenant “on ]>robation” and Lieuten- 
ant, in all 

Captain (after 3 years’ total service) 

II II f »i »i >1 

II II 19 ,, ,, ,, . 

Major ,,12 ,, ,, ,, . 

Major (after 3 yi ai.s as such) 

Lieut. 'Colonel \alter 20 years’ sei vice) . 
,, (selected to an estiblisli 

ment of 50) 

Colonel . 

iSuigeon-Goneral . 

Diiector-Gencral 


379 

15 

<) 

400 

0 

0 

477 

15 

2 

537 

12 

10 

032 

12 

10 

713 

15 

4 

804 

15 

4 

953 

10 

10 

1600 

0 

0 

2000 

0 

0 


Candidates must be British subj(‘cts of unmixed Kuroiiean 
blood, under 28 yeais of age, with good leferonccs and 
a registrable qualification to ]>racti.sc. Provision is made 
for examinations jn ior to aj»]»ointnicnt and promotion to 
each rank. Previous to eacli of these the candidate will 
have the o])i)ortunity c>f attiuiding, jiartly at Netley,i)artly at 
selected civil hosjntals, couises ot iiistructiou in the sjiccial 
subjects in v\hich he is required to pass. Before pro- 
motion to captain and before [iromotion to major, he may, 
by passing exct'])iionally well, obtain an acceleration of 
promotion varying from 3 to 18 month.s. Brevet ]»ro- 
motion may be given either for distinguished service 
in the field or other exceptional service not in Uie field. 
The creation of an instructional military hospital and 
military medical staff college is proposed. A retaining 
fee of £25 jicr annum is proposed for such medical officers 
as, after 3 years* service as lieutenants, go to a reserve of 
officers. 

S. I . —.82 



650 

The nursing service is to l>o called ** The Queen Alex- 
andra’s Imiicrial Military Nursing Service,” and governed 
])y a board under tlicj Queen as president. The pay 
ranges from the matroii-in-chief, from £250 to £300 per 
annum (by £10 annual increments), with lodging allow- 
ance, to nurses, £25 a year to £35 (by £2, 10s. annual in- 
crements). The ranks are principal matrons (from £110), 
matrons (from £70), sisters (from £37, 10s.), nurses, and 
female servants. 

An almost ecjually elaborate scheme had l)een j)ropo8ed 
for the reconstruction of the army remount department, 
but it would appear that fimincial considerations caused 
it to Ikj abandoned. No d(ii)artinont within the scopii 
of its possibilities acromplished harder or more ^aluable 
work during the South African wiir. (j. f. m.*) 

British Colonial I'orces. 

The British colonial forces proper are thoscj raised and 
maintained by the colonies at their own ex)»ense, cither for 
local ])urposes or as a voluntary contriLuition towards 
irn]>erial defence. The relative prominence of these two 
objects necessarily dejicnds mainly on the position ami 
]>oj)ulation of individual colonies or groups. Ckinada 
must maintain a considerable land force lor the defence 
of a long land frontier, while fortunately the cliaiiee of 
hostilities with the (Tnited State, is suificiently i(‘mote 
to enable the empire to count on Canadian troojis under 
other conditions. Newfoundland, being little liable to 
attack and liaving small financial r('soure(*.s, has not 
hitherto ke])t up any military force lieyond a few aim(‘d 
]»olice ; advantage has, liowever, now l>een taken of the 
o.xcefitimial advantages the* colony oilers as a source 
of supply of imm for the royal navy in war. The 
Australian statc-s, including New Z('aland, derive security 
from their position against organized invasion so long 
as British naval supremacy is maintained in I^ar I^astorn 
waters, Tliougli in a maritime war tluur land forces 
would in part be retpiired for ja’otcctmg their ports 
tagainst iiredatory raids, they W'oiikl douhtl(*ss be largely 
available for tdlensive ojKTatifms m aid ol imperial 
strategy. In tlio West Indies thi) function <>f local troojis, 
largely native, mii.st be looked u]Mm as entirely local 
defence ; in Bermuda and Jamaica they are auxiliary to 
imperial garri.soiis : in tlie Leeward Islands, Barbados, 
Trinidad, British (Tiiiana, and British Honduras, they 
Sficure internal trainjiiillity in jieace and guard against any 
jiossible raiding attack frfmi a cruiser in w^ar. A small 
white corj)s in the Falkland Islands hiis been raised to 
serve the latter purpo.'^e. In West Africa eonsiderahle 
forces of armed natives are maintained to securiJ the 
jieaccful administration of the more turhulent parts of 
Sierra Ijeone, the Cold C^oast, Lagos, and Northern and 
Southern Nigeria. In St Helena, the eastern (-olonies of 
Ceylon, the Straits Si'ttlemenls, and Hong Kong, colonial 
volunteers, mainly EurojK'an or of European descent, 
form valuable auxiliaries to the nigular garrisons of the 
imjierial coaling stations in those colonies. There are 
also native armed jKilice in th(' two last, and a Sikh force, 
maintained by the confcdi'rated Malay States, w^onld in 
war furnish assistance to the Singapore garrison. Armed 
police in Labuan and Fiji, assist^ by white volunteers in 
the latter colony, maintain order in peace and w'ould 
resist predatory attack in war. An armed constabulary 
of Papuftns secures tlie internal quiet of British New 
Guinea. 

In the self-governing colonies the colonial forces are 
administered by a defence department, which in Canada, 
Victoria, and New Zealand, is under a minister of defence; 
in Natal, under the minister of lands and works, and in 
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the other colonies under the prime minister or the chief 
or colonial secretary. In Canada, West Australia, 
Queensland, and New Zealand, the forces are commanded 
by imperial officers lent to the colonial Governments ; in 
South Australia, Victorii^ and Tasmania, by officers of the 
local forces. In Cape Colony and Natal their command 
in war devolves on the generals commanding the inqjerial 
troops. This is also the case in crown colonies where there 
are imperial troops permanently stationed. In the Lee- 
ward Islands, Trinidad, and British Guiana, the militia or * 
volunteer forces are commanded by an officer who has also 
the armed }>olice of the colony under him, and the same 
arrangement was proposed for the volunteer force raised 
for Ihirbados to replace the imperial troojis withdrawn 
from that island. A few imperial officers, in addition to 
the commandant, are cmiployed on the headquarters staffs 
of several of the siJf-governing colonies, and the frontier 
forces of West Africa are almost entirely officered from the 
imperial n^gular or militia service. 

The permanent troops of Camida, corresjionding to the 
regular forces of the imperial army, consist of 2 squadrons 
of cavalry, 2 fii'ld batteries, and 2 garrison companies of 
artillery, and 4 companies of infantry. The North-West 
Mounted Polict', though enrolled under civil law, arc 
j practically a fine military force. The only permanent 
forces of Cai»e Colony and Natal are the Cape Mounted 
Jlilies and this Natal lk)lice, who have jiroved themselves 
most efficient soldiers. There are armed police organized 
as a military force in Bechnanaland, Basutoland, and 
llhodesia. In Australia and New Zealand the regular 
troops consist of forces of artillery and engineers, and a 
small staff of oflicers and non-commissionesd officers for other 
branches. In th(» West Indies the permanent forces are 
armed native jioliee, and in We.st Africa native constabulary 
organized on an entirely military basis. There are armed 
police at tlie Straits Settlements, Labuan, Hong Kong, 
Fiji, and British New Guini'a, and the Malay States 
Guides in the Federated Malay States are permanent 
troops. 

The cstahliahmcntH of pcrniauent troops in the different groups 
of stales are approximately as follows . — 


North America 


1,700 

South Afiica . 


3.200 

Australasia . 

, , 

2,000 

Mediterranean (Cyprus) 


700 

West Indies . 


2,800 

West Africa . 


8,000 

Eastern colonics 


3,400 


Total 

. 21,800 


These figures do not include the armed police of the Australian 
states and of New aland, of which certainly the mounted 
branch could bo made available in war, and would bo highly 
efficient as mounted infantry. 

The pay of a jirivato soldier in the permanent forces in Canada 
is 2s. Oid. {i dollai) a day. In South Africa it is 5s. or 6s , in 
New South Wales and Queensland, 2s. dd., in Victoria, 3s. 6d., 
and in New Zealand, fis. or 68. The native armed police in the 
West Indies receive at the rate of 2s. to 3s. a day, the frontier 
forces of West Africa, Is. or Is 3d., and the armed police and 
constabulary in the eastern colonics from 8d. to Is. 

Ill Canada, Natal, West Australia, and Queensland, men 
enlist III the permanent forces for three years, in Tasmania for 
five, in Cape Colony for five in the first instance, and aftorwatds 
for fresh periods ol three years at the expiiation of each former 
period, and in Victoria ana New South Wales for hve years, with 
the option of re-engagement for a further })eriod of five years. 
The periods for which natives enlist lu the armed police forces 
of the different West Indian colonies vary from one to six years. 
It has been proposed to make the term of enlistment in the West 
African frontier forces a uniform one of seven years, and to en- 
courage ro-engagoment. Five years is the usual period in the 
East African colonies. 

The colonial forces, apart from the permanent troops dealt with 
above, comprise the following units ot cavalry, mounted infantry, 
infantry, artillery, and engineers, partially xi&id and unpaid. 
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ARMIES 


Colony. 

'*1 


Infantry. 

III 

1=2. 

il 

M — 

Btns. 

Coys. 

Canada 

87 

1 

89 

9 

17 

31 

2 

Jamaica 








Leeward Islands 

. 

i 


3 




Trinidad . 

4 


... 

8 




British Honduras 

... 



2 




,, Guiana . 

. . ^ 



4 




Falkland Islands 




1 




Gold Coast 

... 



3 




St Helena . 

... 


, 

1 




Capo of Good 
IIopo 

... 

13 

7 

9 

2 



Natal 


26 

o 


1 



Ceylon 


1 


13 

1 



Straits Settlc- 


... 



I 1 



meiits 





1 



Hong Kong 



... 

1 

1 



W. Australia 




8 

2 



S. Australia 


**8 


18 

2 

2 


Victoria . 


9 

5 

10 

3 

7 

1 

New S. Wales . 

y Kt'gLh 

4 

S 


2 

4 

2 

Queensland 


12 

5 

‘j 

! - 

i 

1 

I 

'rasmania . 



3 



2 

1 

New Zealand 


18 

9 

9 

! ^ 

, 9 

1 5 

Kiji . . 




5 

j 


1. 


There are aUo medical seivicos, including olhcers and iiien^ in 
Canada, Ca]>o Colony, South Australia, New South Wales, QurciiH- 
land. New Zealand, and Ceylon. Ono oi two of the eolouies liave 
the nucleus of an Army Service Cor|»s 
The establishments of |)aitlally ])aid and unpaid troops in the 
dillerout groups of colonies arc approximately as follows . — 


North America 
South Africa . 
Australasia 
West Indies 
West Africa . 
Eastern colonics 


34,700 

9,800 

28,000 

3,000 

400 

1,900 


78,400 

These numbers, representing approximate peace establishments, 
are capable, especially in the ursl three gioups, of large expansion 
in war by the accession of men who, from then ordinary conditions 
of life, possess considerable militaiy aptitude. 

Service in all the forces is at present entirely voluntary, in the 
sense that there is no man now serving who has been eon]|K)llcd to 
enrol, but the actual laws governing the forces in Canada, South 
Australia, Queensland, Ta.smania, New Zealand, Jamaica, the 
Loowaid Islands, and Hritish Guiana provide for the ballot, il 
authorized establishments cannot otherwise be kept up, or in war 
In Canada, Cape Colony, and New Zealand, all male inhabitants 
of fighting age can be called out for a Irrte cn masse. 

Ajiartfrom the permanent troops, the whole of the lorccs of Canada, 
Natal (though called volunteers). West Australia, South Aus- 
tralia, Jamaica, and British Guiana, are partially paid, t.r., all 
ranks receive pay during peace according to the military duties they 
]>erform. Those of Cape Colony, Tasmania, Now Zealand, the 
Leeward Islands, Trinidad, Biitish Hondnias, the Falkland 
Islands, Si Helena, the Gold Const, fVyloii, the Straits Settle- 
ments, Ilong Kong, and Fiji are unpaid, except when callotl out 
for active service, though most of the corps receive capitation 
grants for efficients. In Victoria, New South Wales, and Queens- 
land, tliough the bulk of the trooj)s are partially j)aid, there ^ro 
also unpaid corps. Tho forces in Jamaica, though termed militia, 
do not receive ])ay for the ordinary drills laid down by law. The 
general tendency of late years has been to substitute partiallv ]mi(l 
or militia for unpaid or purely volunteer troops, as with the 
former it is found pcssiblo, under the conditions winch obtain in 
most of the colonies, to got gi*eater efficiency than with tho latter 

In Canada the daily rate of pay for a militiaman during training 
is 2s. OJd. In Natal a volunteer, if mounted, 6s., and if dismounted, 
fis. for each day’s training. In South and West Australia a man 
receives fis. for each of a certain number of paid drills. Militia- 
men in Victoria, New South Wales, and Queensland, can by 
attendance at specified parades, and by efficiency earn £6 : fis., 
£6 : 8s., and £7 per annum respectively. The daily rate of pay 
for a militiaman in Jamaica, during continuous training as distinct 
from ordinary drills, is 28. 

Tho period of service as laid down in Militia or Volunteer 
Acts of Canada, Natal, West Australia, Victoria, Queensland, 
Tasmania, Jamaica, Trinidad, and British Guiana, is three years. 
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In South Australia it is two years in the active force, and three 
in tho reserve. For the Cape and Now Zealand it is not less than 
one year. For New South Wales, and ioi the eoloiues not men- 
tioned above, where the local foices arc « nliiely volunteers, no 
period of service has bt*cu hud down, men being allowed ti» cease 
serving on giving notice vaiyiiig fioiii fouilceuduys to thieciuonths. 

Theie is eonsidei able variation m the amount of annual truLiiing 
undergone by tho various colonial auxiliary lot cos. As lar as it la 
provided for by legislative enactiiieut, the aveiage iiunihei of day.s’ 
training in tho year is about twelve. lu ( iiiuid.i, (,Jueeiislaijrl, and 
Tasmania, eight days is laid d<»wu as the ininirimui, and sixteen as 
the maxinmiii hut m (Queensland tlic iiiaxmiUTn does not 

include eight days' t ontinuous tiaiuing whnh may be ordeied by 
the governor, lii South Australia llie nia\umun for tho active 
force is ti^ciity f'.ui davs, and the iruniinum tweln* ot five hours; 
for the reserve twelve days’ fiainiug is lequircd In New Zealand 
168 hours is the Tnaxiiuuiii. in all tho Austialasian htales the 
partially paid troops tie(]uciitly hold voluutaiy jiarudes. Tho 
regulations for the unpaid volunteers in (kjic Colony requiie 
for efficiency twenty-seven drills in tho fust yoai’s service, and 
oightocn m subsequent years , tlioso for tho ]»aul volunteers in 
Natal lay <lown ten days in oainp or twonty-lour drills. In 
Jamaica the Militia Act ])rovidcs lor tw'olvo oidmary drills, in 
addition to taiget pradiec and inspection ])arad(s, ainf in British 
Guiana for tw'»dve days’ dull a year. 

All tho coloiiios have alieady, oi are now aei|miiiig, rifles of tho 
same calibre ns those used in the iiiiftenal army, and the grcati r 
inimbor of those rifles are of Le»* Motioid ^)^ I.^m* Fntield pattern. 
In field artillery then* is nioie divcisity, but this is likely to ho 
rcmedieil in the future. With regard to fixed arinaments, apart 
fiom those jirovidcd hy tho imperial (iovciiiment a: the imperial 
fortresses and coaling stations the Goveniincnts of Na.al, of the 
BIX Australian statics, and of New Zealand, hav( mounted 
poweiful guns at their priiictpal ports British Gumua has de- 
fended Georgetown, and Tiiuidinl and Batltados an* likely to 
follow suit when the state of tin ir finanee,s makes it possible for 
them to do this in addition to imiuitainnig dcfriiei* tbiees Canada 
has contnlmted largely to tho ]»rotectioii ol Ksquimalt ; and Ceylon, 
the Stiaits Settlements, ami Hong Kong, to the defended coaling 
stations in these colonies. Foi the supply of wai material the 
eohmies arc still laigcly dependent on (beat Biitain, but Canada 
has a caiLridgo faetorv, nnrl shell foundry, and there aio private 
ammunition fartories in Australia and New Zealand, capable of 
nianufaelunng ammunition for Government small arms. 

Colonial naval forces are prtictically coiifin(‘d to South 
Australia, Victoria, Now Souili Wales, and QuecnsLind. 
S<»uth Australia owns a protected (Tiiiscr, Victoria an 
armoured turret-ship and fi\i‘ torpedo boats, Now South 
Wales two torpedo lioats, and t^liiecrmhiiid two gun- 
vessels and two torpedo boats. To nun these ships there 
are altogetlu^r some 200 permanent and 1400 partially 
paid or unjiaid officers and men. In vu*w ot the fact that 
a considerable im]>erial sijuadron, to winch the Australian 
states and New Zeulaiid contribute .£12G,000 annually, 
is always maintained in Australasian waters, and that the 
states have also ])rovid<Hl by fixed defences against the 
raiding attacks of cruisers on their jini-ts, it is diflicult to 
say what function is played by the local naval defences of 
Australia. There is undoubtedly a desire in Australia to 
make some contribution in jursonnel as well as in money 
to the naval forces of tho eiiijure, and the question as to 
how this can most effiTtively be done hy men thoroughly 
trained at sea wull rcijuire consideration. New Zealand, 
besiiles contributing to the imperial navy, keejis up 
naval volunteers, hut these are really military forces trained 
in the duties of garrison artillery and submarine mining. 
The preventive service in Canada, which includes 
some 500 otlicers and men, cannot at xiresent be 
looked upon as a lighting force. Arrangements are being 
made for utilizing the fishermen of Newfoundland for the 
royal naval reserve. Cajie Colony makes an annual 
money contribution of J£30,000 to the imperial aavy, free 
of all conditions. Natal makes a contribution of 12,000 
tons of coal. It has also naval volunteers ; but these, 
though they have given proofs of their excellence m 
manning guns of position, have no sea training, and are 
more properly included in the military forces of the 
colony. 
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•The following table shows the colonial military and naval exi)cnditure as taken from the latest estimates and accounts : — 


Group. 

Colony. 

Military aii<l 
Naval £x- 
pencliture. 

Population 
(cKti mated 
31/12/97). 

MilfUry and 
Naval Bx- 
pendituro 
per head of 
Population 

Bemarka. 

Mediterranean . 

Cihraltar 

Malta 

£ 

*5,709 

20,699 

177,745 

s. d. 

0 6 

Contribution. 


Cyprus 

25,990 

502,709 

229,286 

2 3 

Armed police. 

North America . 

Canada 

5,185,990 

1 11 

Permanent and Militia force and North-west 

f » f > 

Newfoundland 

8,275 

208,000 

0 9 

Mounted Police. 

Armed police. 

>» i» 

West Indies 

Bermuda 

Bahamas 

2,000 

16,098 

52,000 

^0 9 

Armed police. 

n »> 

Jamaica 

67,401 

706,394 

•l 11 

Armed police, Militia, and allowance to Imperial 


Leeward Islands 

11,235 

129,751 

1 8 

troops. 

Armed police and defence force. 

ft ft 

Windward Islands 

9,500 

151,543 

1 2 

Armed police. 

ft It 

Barbados 

23,972 

190,000 

2 6 

Armed police and allowance to Imperial troops. 

>> 1) 

Trinidad 

57,689 

275,363 

4 2 

Armed ]|>ohce and Volunteers. 


British Honduras 

6,863 

34,277 

4 0 


n If 

,, Guiana 

54,296 

286,481 

4 0 

Armed police and Militia. 


Falkland Islands 

150 

2,0.50 

1 0 

Volunteers. 

West Africa 

Gambia 

4,816 

13,057 

8 4 

Armed police. 

ft ft 

Sierra Leone 

24,299 

/No trust-! 

... 

Armed constabulary and allowance to Imperial 

It ft 

Gold Coast 

53,163 

worthy 
! statistics 


troops. 

Armed constabulary and Volunteers. 

It It 

Lagos 

35,049 

/ atiireseiit' 


Armed constabulary. 

It It 

Southern Nigeria 

45,077 

1 available 



ft It 

Northern ,, 


1 fot these 


Exjieuditure on armed constabnlary at present 

It It 

St Helena 

95 

1 colonies. 
3,897 

0 6 

covered by grant from Imperial Exchequer. 
Volunteers. 

South Africa 

Cape of Good Hope 

309,501 

2,143,100 

2 10 

Cajie Mounted Rifles ; Volunteers ; contribution to 

It It 

Natal 

117,152 

811,189 

2 10 

Navy and allowance to Imperial troops. 

Natal police, Volunteers ; contribution to Navy and 

It tt 

Basutoland 

13,137 

250,000 

1 0 

allowance to Imjierial troops. 

Armed police. 

It It 

BochuanaUnd 


£49,425 covered by grant from Imperial Exchequer. 
Armed police and V^oluutocrs (British South Africa 

It 1 1 

Rhodesia 

238, 187 

... 

.. 

It It 

Asia . 

Mauritius 

27,630 

377,856 

1 5 

Company). 

Contribution and allowance to Imjierial troops. 

Ceylon 

1 15,399 

3,298,342 

0 10 

Volunteers, contribution, and allowance to troops. 

II 

Straits Settlenionts 

142,266 

1,175,656 

2 4 

Malay States Guides, aimed police, Volunteers, and 

i> 

(including JUalay 
States) 

Labuaii and Biitisii 

(not known) 



contribution. 

Armed police. 

II 

Noith Borneo 

Iloiig Kong 

88,321 

248,710 

7 1 

Armed police, Volunteers, and contribution. 

Australasia 

West Australia 

16,635 

1.55,749 

2 1 

Military forco.s and contributions to Navy, and to 

II 

South Australia 

82,776 

361,045 

1 9 

Federal fortresses in Australia. 

] 

It 

Vii’toiui 

179,392 

1,176,268 

3 0 

[Military and Naval forces, contributions to Navy 

II 

New South Wales 

233,997 

1,335,800 

3 6 

r and to Federal fortresses in Australia. 

If 

i,)ueonslaiid 

94,401 

484,700 

3 10 1 

j 

II 

Tasman i.i 

18,996 

171,719 

1 7 

Military forces and contribution to Navy. 

II 

Now Zealand 

169,944 

768,910 

4 5 

ff 99 99 

II 

1 

2,283 

121, 79S 

3 4 1 

Armed ])olicc and Volunteers. 

II 

Biitish Now Oiiinoa 

3,014 

3,350,000 

i 

Armed Jiolico. 


Hosides Colonial forces |ir(>])ei thens arc what are oflicially known 
as Colonial corns, consisting of tioops raised in the CoIuiiieH and 
India, ainl paid liy tlio IniiMjiial Govcrnnient for garrison duty at 
the Imperial fortresses and coaliiig stations. The Colonial corps 
at the present time conif)ii')i tlie AVcst India rogiineiit (three 
battalions), West African regiment, llritish Central African regi- 
ment, Hong Kong regiment, and Clmiese regiment ; the Royal 
Malta artillery, the West Imliaii, West African and East Afiican 
eompanieM of artillery, subm.irine miners, and fortress engineers ; 
the Royal Malta militia, the Bermuda militia artillery ; and the 
Hennuna volunteer iifle corps 'J'hcse cor)>s number altogether 
some 10,000 regular, 2000 militia, and 000 volunteer troops, and 
are under the direct control of the War Oflice. In addition to 
these Colonial corps under tin* War Oflice there are certain other 
troops of the Empire which also, not being properly Colonial 
forces, call only for brief mention These are the military forces 
of the British Central Africa, British East Afiica, Uganda and 
Somalilam^ Protectorates. They numbor altogether some 4500 
regular native soldiers, under lm])erial officers lent by the War 
Oflice, and are administered by the Foreign Oflice. (m. N.) 

India 

After the transfer of the Government of India to the 
Crown in 1858, the whole military organization was re- 


cast. The local European army was abolished. The 
artillery became wholly British, with the exception of a 
few native' mountain batteries. The Company's European 
artillery, engineers, cavalry and infantry were amalgamated 
with the royal army. The total strength of the British 
troops, all of tlie royal army, was largely incri'ased, while 
that of the native troops was largely diminished. Three 
distinct native armies— those of Bengal, Madras, and 
Bombay — were still maintained. The reduced Indian 
armies consisted of cavalry and infantry only, distributed 
as follows, with a few artUlery : — 

nattalioTiK, Infantry. ReKitnents, Cavalry. 


Bengal 

Madias 

. 49 . 

. 40 . 

19 

4 

Bombay 

. 30 . 

7 

Punjab force 

. 12 . 

6 

Total . 

. 181 . 

36 


There were also three sapper battalions, one to each 
army. 

The Punjab force, which had 5 batteries of native 
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artillery attached to it, continued under the Punjab 
Government. In addition, the Hydrabiid contingent o£ 

4 cavalry, 6 infantry regiments, and 4 batteries native 
artillery, and a local force in Central India of 2 
regiments cavalry and 6 infantry, were retained under 
the Government of India. After all the arrangements had 
been completed the army of India consisted of 62,000 
British and 125,000 native troops. 

The Company's military college at Addiscomlx? was 
closed in 1860, and the direct appointment of British 
officers to the Indian local forces ceased in 1861. In that 
year a staff corps was formed by Hoyal Warrant in each 
Presidency “ to supi>ly a body of officers for service in 
India, by whom various offices and apiiointmonts hitherto 
held by officers borne on the strengtli of the several corps 
in the Indian forces shall in future be held.” »Six»cial 
rules of pay, pension, and promotion were laid down ; the 
princijde of the last being promotion by length of service 
in the various ranks from second lieuhmant up to lieut.- 
colonel. The corjis was at first recruit(»d partly from officers 
of the Company's service and partly from the royal army, 
holding staff appointments (the new regimental employ- 
ment being considered as staff duty) and all kinds of 
political and civil posts ; afterwards by young officers from 
the British service, and recently in addition by sc*con(l 
lieutenants drafted direct from the Royal Military College^, 
Sandhurst. The native artillery and sappers and miners 
were to bo officered from tho Royal Artilleiy and Royal 
Engineers. The only English warrant and non-com- 
missioned officers now to be employed in the native army 
were to be those of the Royal Engineers with the sappers 
and miners. Officers of the old Indian army who did not 
accept stirvice in the artillery, engineers, and new lino 
regiments transferred to the British army on the amalga- 
mation, remained in their former cadr(*s for promotion. 
Now all have disappeared from the active list except a 
few generals. 

A radical change in the regimental organization of all 
the native armies was effected in 1863. The Punjab 
Frontier Force was from the first organized on the irregular 
system, which was there seen at its best, as also were tho 
new regiments raised during tho Mutiny. This system 
was now apjdied to the whole army, each regiimmt and 
liattalion having seven British officers attached to it for 
command and administrative duties, th(i immediate eom- 
imind of troops and companies being left to the natives 
officers. Thus was the system rc'verted to which was 
initiated by Clive, in the early days, of a few British 
officers only being attached to each corps for the hight»r 
regimental duties of command and control. Time lutd 
shown that this was more effective than the regular 
syst(*m instituted in 1796 of British officers commanding 
troops and companies. 

Selection for all regimental commands was now the 
order. A new spirit was breathed into the army. The 
supremacy of the commandant was the main principle'. 
He was less hampered by the unbending regulations en- 
joined u])on the old regular regiments, had greater powers 
of reward and punishment, was in a i)osition to assume 
larger responsibility and greater freedom of action, and 
was supported in the full exercise of his authority. Tho 
system made the officers. 

Up to 1881 tho native army underwent little change, 
but in that year financial considerations prevailed and 
18 regiments of infantry and 4 of ciivalry were broken 
up, while the rank and file of tho rest were increased. 
Almost the same number of men were maintained as 
before, but in fewer and stronger regiments and better 
organized for war. The only reduction made in tho 
British troops was in the Royal Artillery, which was 
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diminished by 11 batteries. The events of 1885, how- 
ever, on the Russo- Afghan frontier led to an augmenta- 
tion of tho army. The 11 batteri(‘.s Royal Artilliry 
were brought back from England, eaeli of the 9 Riitish 
cavalry regiments in India received an addition oi a bmrth 
squadron; each of the British infantry battalions was 
increased by 100 men and 3 battalions wfTt* added. 
The native cavalry had a fourth S(|uadron added to each 
regiment; three of the four regiments broken up in 1881 
were re-raised, while th(' native infantry was incn'ased in 
regimental strength, and 9 new bathilions laised com- 
posed of Gurklias, Sikhs, and I’unjabis. The addition in 
all amounted to 10,600 British, and 21,200 native troo]»8. 
In 1890 the strength of the anny of India was 73,000 
British, and, including irregulars, 147,500 native troo])s. 

Many important changes havt‘ taken ])lare since 
1885, which have vastly improved th(‘ efficiency of 
the native army. Seven Madras infantry regiments 
wore converted into regiments for local seivice m 
Burma, compos(‘d of Guikhas and liardy races from 
Northern India ; six Beiigal and Bombiy rcginu*nts were 
similarly eonvertt‘d into regiminls i»f iMrgabih, Pathans, 
and Gurkhas , the native mountnn batt ncs have b(*eu 
iucrea8(‘d to tm ; the systian of linked battalions lias been 
introduced wdth the formation of legimental centres for 
mobilization; and reservi's for infantry and inouiitain 
artillery have been foimed. The number of British 
officers jiresent with each 7*cgiment has Iwen increased to 
nine, and the two wing commands in battalions have been 
convertf'd into four double- com] )any commands of 250 
men each, under a British coinmandia*, uho is res])onsil>le 
to the commandant for tlndr training and efficiency, the 
command of the com])anies bung lelt to the native 
officers. This systtun, which is analogcnis to the squadron 
command in the cavalry, admits of closer individual 
attention to training, and distributes among tlie senior 
British n'gimental officers effective res]»onsibility of a 
jiersonal kind. 

An addition to the army of five native battalions at th(' 
expense of the iini»erial Governmtuit was made in 1900 
as the re'sult of India lieing called h]K)ii to iurnish 
garrisons for Mauritius and otliei colonail stations over 
sea. These new battalions are raised from such war- 
like and haidy races as Sikhs, Punjabi ^faliommedans. 
Juts, and hillmeii in Northern Intha. Of these threij 
are includ(*d in tht‘ Puiqal) army, and two in that ot 
Bengal. 

The unification of the trijJieate army dc]«irtments in 
the different Presidential aimies was conqJeted in 1891, 
all being brought directly under tlie sui>remi‘ Government ; 
and the three se])arcttt* sialF cor])S of Bengal, Madras, and 
Bombay were fused into one in 1891 as tlie Indian Staff 
Coqis. These intMsun'S pre])ared the way for the new 
system of army organization, which, by authority of 
Parliament, abolished dnidid control and placed the 
whole army of India uudi r the Gcjveriioi -General and the 
Commauder-in-Chief in India. 

On the 1 st Ajinl 1 SI), 5 the army of India as divided into four gi*eat 
eonimaiids— I’unjah, Uengal, Madias, lioinbay. These conmiainls 
are under lieutenant geiiei ails, stjleal as eoniinanding tho foraes 
therein, all under tho din*i t eonnnaml of tho Coiimiander-in-Chief, 
and tho control of the (lovei ninent ol India. The Punjah command 
mcludob tho mIioIo of tho Punjah province. The liengal command 
includes the teiritories under tho civil govoninients of Bengal, 
Assam, the North -AVost Provinces and Oude, and part of tlio Central 
r rovinccs. Tho Madras command imdudes the Madiui'^Presideney, 
Burma, and the Bolgaum district. Tho Bombay command in- 
cludes tho Bombay Presidency, Balnehisiaii, and parts of Kaj]>utana, 
Central India, and tho Ontial ProviiuM's. 

Tho t\vo local eavaliy regiments and six battalions in Central 
India arc now included in the Bengal and Bombay commands. 
The Hydrahad coutingont remains as a separate foi’ce under th.o 
dixtict onlexv of the Government of India, it is cominandod by a 
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general officer and garrifione a distri(5t of the Hydrabad state, )Mit 
w available for general service. 

The unified araiy is now organized on the territorial prineinle. 
The old Madias and iJoiiibay annnss are included in the Madras 
and Bombay eommanda, ami leeruit with some exceptions within 
the territories ol these corn mauds. The Bengal army >^as divuh'd 
into two i>arts. All that noition ol* it which recrniits in the 
Punjab is ineluded in tlie Punjab command, labile that nhieh 
recruits in North-West Iiiflia and neighbourhood is included in the 
Bengal eoiniiMml. Tin' (lurkha battalions, a foreign element, are 
divided between the Jhinjab and Bengal commands with one 
battalion in Burma. All the troops, though they have a home 
connexion with their particular commands, are interchangeable 
and liable to sm’ve anywhere in and outside India. 

The composition ol the several commands is as follows : — 

ImHan Army. 

. t: '4 

5 * - 2 1 ; 

Native Trciops Punjab. Jtcngal. Mailras *2 £ 5 Total 

I 

(Javalry regiments IT) 11 3 7 4 40 

Artillery hatteries 7 2 ... 2 4 ir> 

(10 mmintain) 

Sappem ami ininoi-h .111 

Infantry hatUlioiis 41 26 32 31 6 139 

Strength, inelud-\ /;2, 600 32,000 130, 200 7,600 154,600 
uig officers J ' I ’ ’ 

The Indian Stall* Corps, consisting of a corps of British oHieei‘s for 
regimentiil emjrloymeiit in the native ann}. lor stalf, departmental, 
and other duties, numbers at present 2600 ellcetivcs, with a 

tondeney to inerejise. Ol these 26 art* geneial oflieeis. 

The Indian Medical Service nuinbeis 700 officei*s of all ranks, 
witli a subordinate establishment of 500 military assistant 
surgeons. 

The jirosont ostablishment of British troops in India numhers 
73,500. They are jx'nodically relieved Imm home, the bnir of 
service varying from 9 years loi cavalry iijr to 15 yeai*s foi aitillery 
and infaiitiy ; ami are gem'rally distributed in the suvoml com- 
rnamls as hilliws : - 

Punjab bciigul .Madr.iK ' lioiiilu> Total 

Cavalry regiments ..3 3 2 1 9 

Artillery liorsc hatteries .4 8 2 2 11 

,, field hattei ICS . b 11 8 12 42 

,, hciivy hattencs . 2 | 1 1 4 

,, mountain batteries 5 ' ... 1 2 8 

,, gainsoti butteries .3 8 3 9 23 

Infantry battalions . . 15 , 17 8 11 51 

Royal Engineers, Submarine Miners, etc., one eoinjMiny m the 
commands. 

The regular troops, British and native together, number 228,100, 
the strengtli ol the se\eral amis being as follows : — 



British. 

Native 

Total. 

Cavalry 

,5,600 

24,700 

30,300 

Infantry . 

52,600 

122,000 

3,200 

174,600 

Ariillery 

13,400 

16,600 

(bins 

390 

76 

466 


The Nativij Army Active Reserves, mainly infantry, arc growing, 
and at jiresisit number about 21,000, nearly half of whom lielong 
to tin? Punjab command. Tliey consist of men wiio have served 
with the colours from live to twelve years, and are called out 
annually for one month’s training at regimental centres. There is 
also a large gaiiison reserve of all amis, consisting of old soldiera 
who have served twenty-one yoai*s, and are on the pension estab- 
lish men t. 

The auxiliary forees eonsist, in lound nimibei’s, of 

Volunteers (BntislO . 31,000 

InijMjrial SerMce Ti oops (Native) .... 18,000 

North-West Kroiitier In cgular Corps (Native) . , 5,000 

Burma and Assam Militaiy Police Battalions (Native) 15,000 

The volunteers are drawm from the British element of tlio jiopula- 
tioii ; organized in corjis m tlm different commands— riflw.s, mounted 
and loot, light horse, and aitillery — under district general officers. 
Well armea and trained, tliej' are of gieat defensive value. 

The Im|)eria] Service Troops came into existence iii 1888, wlien 
the prlnci^ial feudatoiy chiefs 8]>outaiicuusly offorod men and money 


towards co-operation in imperial defence. Portions of their forces, 
under the instruction of a staff of Bntish insjiecting officers, have 
been luiscd to such a pitch of general officioiicy as to fit them to 
take a place in line with the army of India. At present they 
consist of 8000 cavalry, 8000 infantiy, with pioneem, mountain 
artillery, camel and transport corps, and have done good service 
in the field at Gilgit, on the Punjab frontier, and in China. 
They are under the orders of the Government of India. 

The North-West Frontier Irregular Tmops am organized in eight 
corps OH rifles and militia, under two and three Biitish officers to 
each corps, and fonn an efficient advanced frontier force for service 
ill the tribal countries beyoml the administrative bonier. They 
are under the iwlitieal authoritios of the frontier province, and are 
recruited from the Afridi and other mountain clans along the 
border. 

The Bumia and Assam Military Police arc organized in battalions 
under British officers, seconded from their regiments for this duty. 
They arc recruited from the best material in the Punjab and neigh- 
bourhood, and form a very efficient irregular force for service on the 
eastern frontiers. They are under the provincial civil governments. 

The supremo military jiower in Indiii is vested by law 
in the Governor-General in Council, subject to the control 
of the Secretary of State for India. The business of the 
army is conducted through the military branch of the 
Government secretariat, which is immediately under the 
military member of Council. The secretary of this branch, 
like all the others, holds a jiosition somewhat above that 
of an under-secretaiy of state in England as, apart from 
his responsibility to the military member, the duty rests 
with him of xiersonally bringing to the knowledge of the 
Viceroy every mattt'r of special iTnjiorhince. The executive 
liead of the army is the Comrriander-in-Chief in India. He 
is responsible for its efficiency, is the advist'r of Government 
ill all military matters, and is an extraordinary member of 
Council with a voice in it, and jirecedence next after the 
Viceroy. Resides the great department of command and 
discipline of which he is the head, thei*e are various army 
di'partments, for the most jiart spending — ordnance, works, 
accounts, commissariat-transport, Indian medical service, 
army remount, clothing. Thi'se, together with what comes 
up from the Commander- in -Chiijf, make up the whole 
business of the army, and are administered in the military 
dcfiartment of the Government by the military member of 
Cyouncil. All orders are issued by the secretary of this 
department in the name of the Governor-General in Council. 

The Commander-iu-Chiof noniinates to all apiKiiiitmeiits in tho 
combatant branches subject to i-egulations, tho action of Government 
being limited to confirming his nominations, which in all important 
cases are the result of communications which obtain the Viceroy’s 
approval beforehand. Tlie military member noniinates to all 
ap}M>intmonts in the departments under him. As a matter of fact, 
the dis)x>sal of questions of eixuijiment, armament, and defence, is 
tho result of dolibcrotion botw'ccii tlie two authorities x>reviou8 to 
submission to tho supreme authority. Communication between 
the Commander-m-Chiof and the military de}iartment is carried on 
through the adjutant -general and quartermaster- general. Tho 
Commandor-in-Chief has under him a personal office, of which his 
military secretary is head, dealing with appointments and promo- 
tion. Also under him is the adjutant-general’s de}>artment, which 
includes tho insiiector-gonerals of royal artillery and cavalry, staff 
officers for musketry and royal engineers, &c., with tho quarterriiaster- 
gcncral’s department, including mohilizatiun, intolligoncc, army 
signalling, &c. Other lieads at army headquarters are the surgeon- 
general, army and Indian medical staff, airector military eauca- 
tion, judge-auvocate-genoral, princijial veterinary officer. 

The division of the army into four ^eat commands with complete 
army and dejiartmontal staff, all under lieutenant-generals, vested 
with largo resjumsibilitics and powers, has relieved tho Gommander- 
in-Ohief of much detail, and left him free to exercise general super- 
vision over the army- -to watch it in })oaco and direct it in war, 
and to consider the impoi’tant military questions of tho day. Com- 
]irisod in the commands are thirty military districts. All the 
general officers and staff are selected accoiiling to a fixed propor- 
tion from both services, British and Indian. 

The establisliment of units of the British army in India is : — 
Cavalfy : 29 officers, 601 other ranks — total 630, in 4 squadrons. 
Artillery, horse and field : 5 officers oacli, 157 other ranks — total, 
162. 

,, mountain : 5 officers, 106 other ranks — 111. 

„ heavy ; 5 officers, 95 other ranks— -100. 
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Artillery, carrison : 5 officers, 140 other ranks — 145. 

Infantry Wtalion : 29 officers, 1003 other ranks — 1032, in 8 
companies. 

The peace establishment of the Indian cavalry ref^iineni is 11 
British officers, 17 native officers, 608 other ranks total 636, 
organized in 4 sc^iiadrons. Their armament is swonl, lance, and 
Lee-Enheld carbine. Of the 40 cavalry regiments 2t» are lancers. 
The British officers in each regiment fill the grades of eoinmaiidant, 
fKluadron commanders (one of them second in conimaiKl i, wljutaiit, 
and squadron officers. Native officers arc in command of half 
Bcjuadrons, and one of them is native adjutant as assistant to the 
British adjutant. That of the infantry battalion is 1 1 ih itish officers, 

16 native officers, other ranks 896— total 923, organized in 8 eom- 
panies under native officers, and in 4 double companies under British 
officers. The British officers fill the grades of eommainlant, double- 
company commanders (one of them second in command), adjutant, 
quartermaster, and douhlo-comjiany oflieers. One oj the native 
officers is native adjutant. The armament is the Lee Enfield nffc. 
There are 9 battalions of pioneers, trained and aimed as infantry, 
and instructed as pioneers, with a social equipment. The 3 corps 
of sapiiers and miners are organized in conqiameH. They are 
armed as infantry and trained and equipped os engineers. They 
vary in strength ; that of Bengal being 20 officers Uoyal Engineers, 
witli 81 warrant and non-commissioned ollicors, 23 native officers, 
other ranks, 1414 — total, 1488: that of Madras, 22 officers and 
84 warrant and non-commissiuiiod officers 11. E., 24 native officers, 
1490 other ranks— total, 1570: that of Bombay, 14 officers and 
20 warrant and non-commissioned officers 11. E., 15 native officers, 
886 other raiiks^total 935. The R. K. oiFicers fill the grades of 
commandant, Buponntondents, instruction, park and train, adjutant, 
company commanders, and company officers. The native mmintani 
battery consists of 4 officers Royal Artillery, 8 native officem, 253 
other ranks — total, 260. They arc anned with 2*5" guns. All 
amiy accoutrements aio of hi own Icatlier nmiiufactiired in India. 
The grades of the cavalry native offieem arc nsaldar-major (one to 
each regimen t), risaldars and rnssuidars in command of troops, and 
under them jemadars ; those in the infantry are subadar-major 
(one to each battalion), subadars in euinmand of companies, and 
under them jemadars. Promotion is made by selection. Selected 
nun - commissioned officers are promoted to the commissioned 
grades, and direct commissions arc also given to native gentlemen 
of rank and position, who are required lo serve a probationary 
period before confirmation. Many niembei’S of old military 
aristocratic families seive in the ranks in order to win a 
commission. 

The full dress of the Indian army varies in colour — red, blue, 
dark men, and drub. The fighting and working dress of all is of 
“ khaki” colour. Khaki uniform, which has now been adopted iii 
tlio imperial army, uas used first by the Punjab Frontier Force in 
1849. It developed during the campaign in India in 1857, and 
became general during the Afghan war. The word is dcuviHl from 
the Persian ‘^khuk,” meaning dust, ashes. 

A medical officer of the Indian Medical Service is permanently 
attached to eacli corps. The establishment of British olficci's 
includes absentees on leave. All appointed to the stall or other 
duty for a tenn of years, are seconded in their regiments. Their 
army rank is regulated by substantive rank in the staff corps or by 
brevet. The temporary rank of lieuteiiaiit-i'oloncl is gi\en to a 
major selected for the ap|xiiutment of commandant, and that of 
niujor to a cajitain for that of second in command. The priiieiplo 
which it is endeavoured to preserve is that none but oiiproved 
Britisli officers sliould be apjiointed to native regiments. Tliey arc 
first trained and tested in Britisli regiments before appointment to 
the staff corfis. 

Annual field-training is carried out first by scjuadrons and double | 
companies under their own commundera, I'oIIoan ed by that of the 
regiment, and of larger bodies of the combined anns at every 
station where available. Camps of exercise are a groat feature in 
India, whore unrivalled facilities exist close at hand for training the 
troops in every kind of country, winch ai*o taken full advantage 
of. Musketiy is a strong point in the training. The course is a 
very practical one, and tlie result is that the Indian soldier soon 
develo^M into a lirst-cKiss shot. 

Recruiting is conducted by British recruiting staff officoi's at 
various ceiiiies tliroughout the commands, and also at rc'giiiiental 
hea(lqiiarters where men offer themselves, particularly cavalry. 
Subject to certain restrictions os to active service, a man may claim 
his discharge after three years’ service, but it is ojitional w’lth hnn 
to serve on for pension, or to pass to the reserve after five yeare’ 
service. The army draw's its recruits as a rule from the peasant 
or yeoman class, men of good physique, hardy, cndiiiing, and 
courageous. There is no lack of them. Thu sorvn e is very 
popular and well paid, and has a liberal system of pensions for 
long service and wounds, and also family pensions for w idows or 
orphans in case of dc^ath on active or foreign service*, an attractive 
feature which appeals to the homos. It w-ould bo dillicult in any 
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country to find finer fighting material than that furniKhed by 
(lurkluis, Sikhs, Pathans, Rajputs, and Jats, men who ha\c on 
many a field stood shouldci to shoulder w'lth tlic liest and bravest 
of the British force. Thcie is liardly any X'larln'al limit to the 
iiumljcr of excellent soldieis that in case ot ncfossity e.in be 
raised at short notice lioni the martial laces of India, who po-»sc8s 
great aptitude lor militaiy training. 

The Indian anny is heterogeneous as a whole but homogeneous 
in its units. The vanatmn in race of these units is gie.il About 
one-thiid of the regiments aie (•oni]»osecl ot tme class — tribe, laste, 
or religion— such as (lurkhus, Siklis, Rajjmts, Jats, Mabommedans, 
hillnieii, Ac., while theic;t aio composed ot class s(|nad]ons and 
comjmmcs of the ab«)vo and otljci juics. Tliur Inngnagfs ilillcr, 
but there is one common to all wlncli tiny soon ncqnne tlio 
Ooidoo or Hindustani the language ot tlie camp or lutqaa Jiunoa 
of India, W’hichonginatccl willi llie old lime Mahommedan iiivasioiis 
of India, and is a mntnie of iViman, Aiubic, and Hindi. It is 
obligatory upm all stalf cor ps oflic( rs l«) pass in IIindiiNtani, and 
upjm the regimeiitnl officer lo pass lu the language jieuiliar to the 
men in his regiment. 

In India the traiisjxirt ami Mippl\ servues are termed the com- 
missariat-lnnsiKirt dcqvirtment it is und«-i the eonfiol of a com- 
missary general -iii-chief fa majoi-geneial) w1m» lias diicctly under 
him a conunissary -general fni liaiispoit only. Kach command Inis 
a commissary -i^eiieial. Under them aic assistant and d« jmty 
assistant commissai y-generals. All these ajqiointmeiils arc h<*i«l 
by Indian staff corps oflieers. This depailiinmt feeds and clothe-* 
the army in the held, and the Butish in (juaitus. All 

native troops in India during peve aie inrlcjM-ndent of the eom- 
nussaiiat for food and forage, making then own aiiangements 
regimen tally, as their )>ay inoJiides tlie provision of Ibcse items. 
The tranapoH/ consists of corj>s of mules and i.jimo]a, tniiri' of pniy 
and bullock carts, with elephants for sficcial woik. Kegiments 
and corps on the mobilization lostci keep in cli.irg<‘ a propoition 
of mule transpoit. 

The ordnance clejiartracnt, under a direct or-geiiei a 1 of ordnance 
(a major-general), is officered from the Royal Aitiileiv. Then* is 
an inspector-general to each command The military w oi ks sei vu es, 
under a director-general (a major-general), is oll'iLerefi fiom the 
Rovul Engineers. Theie is a eliief engineer in etn h command. 

The organization for w ar is by brigades and divisions llegiuients 
and batteries on the mobilization roslei arc requiicd to keei> up a 
8jM*cial equipment for held scrviee, and on i<*ieipt of orueis to 
mobilize know pieciscly what to do. Besides flic divisions (lour) 
which are always maintained m a slate of readiness, lfn‘ie are 
other troops specially detailed foi tlm lines of i onimunieatioii. 
When regiments inovo m course of relief lo stations outside tlie 
mobilization area, their jdacc* in the list is taken by the relieving 
coins to which they make over their &i»ecial etpiipineiif 

The numlier of the military forces of tlu» many native states of 
India, great and small, is now returned at 90,000, mostly ill ainnd 
and ill-liained, oiie-thnd of which aie cii» iliy. This total does 
not include the 18,000 well anned and oiganized im])erial seivieo 
troojw furnished by tw’cnty-lhiee of tliesc states. Kashmir has a 
force of l)ogia Rajjait infantry, hardy, lunied to hill marching, 
and valuable in jnolecting the far noith corner of that state about 
Oilgit and Chitral. A eonsiderabJe p.irt of the Gwalior and Hydra- 
bad forces is fairly well drilled, and jiossi'shcs some e(|Uij>jK*tl batteries 
of artillery. The Sikh states have gooil Sikh troops, well dnllod 
and fairly officered. Thev are very' Joyal to their chiefs. Raj- 
putaiia coultl supply a l.irge force of eavaliy, all members of a 
military class. There is iniK’h excelh’iit material among tliesn 
troops which, under tlie hands of Biitish officers, could be made 
useful in escort duty* and keeping o]K*n linos of communication. 
Among the states guns uhoiiml of all sorts, sizes, and conditions. 
They may be put down at 600, all smooth-bores of old pattern, 

I half of tKem mo\ablc. Very little of their artillerv is organized. 

Nopal IS not included iii the native sfalHS of India. It jMiys no 
tribute. This mountainous state, the homeland ot the Gurkhas, 
iias maintained close and friendly relatnms with the Indian 
I (rovernraent since tho accession to jiowcr of the Jung Bahadur 
I 111 1846, cHjM’cially alter lie had, fo use his own expression, “stood 
on London Bridge.” In 18.^»7 he jiei-soiially led a strong Gurkha 
force of infantry ami artillciy to L()-<*i)ei ate* with the British aimy 
at Lneknow'. Nejial has an" aimy of 48,000 infantry, callable ot 
expansion, and about 600 guns of various kinds. 

The inainteiiaine of the 18,000 imperial Bcn'iee troop costs tho 
states roncerm*d about 4.‘420,000, tlio outlay of tlie Indian (ioveni- 
meiit on them for insjiectioii being £11,000. 

The personal cost of tlie British gairison of Indi *. to Indian 
n*vcnues is about A‘4,400,000a year, while the net expcmhluro of 
the wdiole army of ludia is about 15^ millions. (j. j, ii. ci.) 

The Unitei> States. 

Tlie regular anny uf tho I'nited States has always been 
small. During the Civil \\ ar the several States furnished 
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over 2,800,000 men, organized into volunteer regiments 
bearing State designations. The officers, except general 
and staff officers, wore api)oiiitod bv tho Governors of the 
respective States. The maximum authorized sti-cngth of 
tho regular army never, during the war, exceeded 40,000 
men ; and the number in tho field, eaiiecially towards the 
close of the war, was very much less. The States, in 
order to obtain men to fill their quotas, offered liberal 
bounties to induce men to enlist, and it therefore became 
very difficult to obtain recruits for the regular army, for 
« which no bounties were given. The regular regiments 
accordingly dwindled away to skeletons. The number of 
officers present was also much reduced, since many of 
them, while retaining their regular commissions, held 
higher rank in the volunteer army. After the close of 
tlie (Jivil War tho volunteers wore mustered out ; and by 
the Act of Congress of 28th July 1866 the line of the 
army was made to consist of 10 regiments of cavalry of 
12 troo])s each, 5 regiments of artillery of 12 batteries 
each, and 45 regiments of infantry of 10 companies each. 
The maximum enlisted strength was 51,605. The Act of 
3rd March 1869 reduced the number of infantry regiments 
to 25 and the enlisted strength r)f tho army to 35,036. 
This was still further reduced, without cliango in organiza- 
tion, to 32,788 in 1 870 and to 25,000 in 1874. The latter 
number remained the maximum for twenty-four years. 
Tho num})er allotted to a regiment of cavalry, artillery, 
or infantry was published in orders, and was changed 
from time to time to meet the needs of the service. 

In March 1 898 the artillery was increased by 2 
regiments, and in Ajiril 2 comjianios wore added to 
each infantry regiment, giving it 3 battalions of 4 
companies each. The strength of batteries, troops, and 
comjianies was increased, the maximum enlisted strength 
reached during 1898 being over 63,000. A volunteer 
army was also organized. Of this army, 3 r(‘ginients of 
engineer troojis, 3 of cavalry, and JO of infantry were 
United Statens volunteers, all the officers being commissioned 
by the President. The other organizations came from the 
States, the officers being apiioiiited by the resjHiCtive 
Governors. As fast as they were organized and filled uji, 
they were mustered into llie service of the ITnited States. 
The total number furnished for the war with Spain was 
10,017 officers and 213,218 enlisted men. All general 
and staff officers were appointed by the President. Three 
hundred and eighty -seven officers of the regular army 
received volunteer commissions. After the conclusion of 
hostilities with Spain, the mustering out of the volunteers 
was begun, and by June 1899 all the volunteers, exce])t 
those in the Philiiipines, w^cjro out of the service. The 
latter, as well as those serving els(*where, Jiaving enlisted 
only for the war, were brought home and mustered out 
as soon as ])racticable. 

The Act of 2nd March 1899 added 2 batteries to each 
regiment of artillery. On 2ud February 1901 Congress 
passed a Ihll jiroviding tliat the regular army, including 
existing organizations, should consist of 15 regiments of 
cavalry, a corjis of artillery, 30 regiments of infantry, 1 
lieutenant-general, 6 major-generals, 15 brigadier-generals, 
an adjutant -general’s deyiartment, an inspector-generars 
dejiartment, a judge -advocate -general’s department, a 
quartermaster’s d(‘]iartment, a subsistence department, a 
medical deyiartment, a i»ay dejiartment, a corps of engineers, 
an ordnance department, a signal corps, the officers of the 
record an5 pension oftice, the chaplains, the officers and 
enlisted men of the army on the retired list, tho proft'ssors, 
corps of cadets, tlio army d(‘tacliments and band at the 
United States Military Academy, Indian scouts as now 
authorized by law, and such other officers and enlisted 
men as might be thereinafter provided for. 

« 
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The head of the military establishment is the Secretary 
of War, a member of the Cabinet. The supply, payment, 
and recruitment of the army, and the direction of the 
expenditure of the appropriations for its support, are by 
law entrusted to him. He exercises control through the 
bureaus of tho War Department. The lieutenant-general 
commands the army, but all the supply departments are 
independent of him, and are directly under the Secretary. 
Promotion to the grade of brigadier-general is by selection, 
generally, but not necessarily, from the list of colonels. 
l*romotion from brigadier- to major-general, and from 
major-general to lieutenant-general, is also by selection, 
though the senior is usually selected. The officers of the 
various staffi departments had previously been permanent. 
Each had as its head a brigadier-general, selected from the 
officers of tho particular department or corps. Promotion 
to colonel was by seniority in the department or corps. 

The Act of 2nd February 1901 provided that, so long 
as there should remain any officers holding permanent 
appointments in the adjutant -general’s department, tho 
inspector-general’s department, the quartermaster’s depart- 
ment, the subsistence department, the pay department, 
the ordnance department, and the signal corps, they should 
be promoted, according to seniority, in the jieveral 'grades, 
and whenever a vacancy should thereafter occur, it should 
be filhid by detail from the same grade in the line of the 
army, the length of the detail being four years. Any such 
officer, below the rank of lieutenant-colonel, who shall have 
stTved four years in the staff, is not again eligible for detail 
until he shall have served two years in the line. When a 
vacancy occurs in th('. position of chief of any staff corps 
or department, th(» President may appoint to such vacancy 
an officer of the army at large, not below the rank of 
lieutenant - colonel, and such officer, while holding said 
jiosition, shall have the rank, pay, and allowances formerly 
provided for the chief of the corps or department. Appoint- 
ments to the lowest grade in thti judge-advocate’s depart- 
ment are made from the army or from civil life ; in tho 
engineer corps, from the Military Academy at West Point, 
or by transfer of lieutenants of the line after examination ; 
in the medical department, from civil life. 

The adjutavt-yeneraV 8 dqtnrlnieyvl is the bureau of orders and 
records ot the army. Oiders ami mstructions emanating from the 
War l)(q)artment or army lieadquarters, and all general regulations, 
are communicated to troops and individuals iii the military service 
through tho adjutant-geiieial. Ills office is the repository for the 
records of the War Department which relate to the iiersonnel of the 
fieinianent military establishment and the militia in the service of 
the United States, to the military history of every commissioned 
oUicer and soldier tiiereof, and to the moveinonts and ojieration oi 
troo})s. The adjutant-general is charged, under the direction of 
the Secretary of War, with the nianngemeut of the recruiting 
service, the collection and classification of military information in 
regard to the United States and foreign countries, tho prejiaration 
of instructions to officers detailed to visit encampments of militia, 
and the digesting, arranging, and ])reserving of their reports. The 
spliere of inquiry of the impcctor-geiLerais department includes 
every branch of military affairs except when specially limited in 
regulations or orders. Inspeetors-geiieral and acting inspectors- 
general exercise a comprehensive and general observation within 
their respective districts over all that })ertain8 to the efficiency of 
the army, the condition and state of supplies of all kinds of arms 
and equipments, the cx|>enditure of public property and monies, 
the condition of accounts of all disbursing officers of every 
branch of the service, and the conduct, discipline, and efficiency of 
officers and troops ; and they report with strict impartiality in 
regard to all irregularities that may be discovered. They make 
such suggeBtions as may appear to them practicable for the cure of 
any domet that may come under their observation. The judge* 
advocaie-generaVs department is tho bureau of military justice. 
The judge-advocate-general is the custodian of the records of all 
genorM courts-martial, courts of inquiry, and military commissions, 
and of all papers relating to the title of lands under the control of 
the War Department. Tho officers of this department render 
opinions upon legal questions when called upon by proper 
authority. They act as prosecutors in important military tri^, 
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and aometimes repreeent the Govornnient when cases affecting the 
army come up in civil courts. The pay departvMnt has charge of 
the supply and distribution of and accounting for fiiuds for the 
payment of the army, and such other financial duties as may be 
specially assigned to it. The staff departments above enumerated 
have no enlisted personnel. The quart.crmaMer*si dcpariiwnnl is 
charged with the duty of providing means of transportation of 
evciy character, either under contiact or in kind, which may be 
neeifed in the movement of troops and material of war. It 
furnishes all public animals employed in the service of the army, 
the forage consumed bv them, waggons aud all articles necessary 
• for their use, except the equipment of cavalry and artillery. It 
furnishes clothing, camn and garrison equipage, fuel, barracks, 
storehouses, and other buildings ; constructs and repairs roads, 
railways, bridges; builds and charters ships, boats, docks, and 
wharves needed for military purposos ; and attends to all matters 
connected with military oiierations which are not expressly 
assigned to some other bureau of tlie War Deiiartmcnt. Subsist- 
ence, ordnance, signal, medical, and hosjiital stores are procured 
and issued by other bureaus of the War Department, but the 
quartermasters department transports them to the place of issue 
and provides storehouses for their preservation until consumed. 
The suhsutence departmtml has charge of the purchase, iiis]iectiott, 
storage, and issue of food supplies for troops. It has one function 
which, especially at isolated posts, has been found very beneficial, 
ami which is not common to other armies. It keeps for sale at 
cost to officers and men, in addition to the ration, a large list of 
other stores. Tlie ration is abundant. Its composition is fixed by the 
President. In order to obtain variety and meet the neocasities of 
varying climates, such parts of the ration as arc not desired aic, under 
direction of company commanders, sold back to the subsistence 
department at cost, and funds arc thus ]irovided for the pui chase 
of articles of diet not included in the ration. The men’s messes 
are improved through another agency, the post exchange. This 
lias been iii existence but a few years. It is practically a 
soldiers* club, under the supervision of officers, in which 
many articles desired by the men are sold. The profits are 
jieriodically distributed among the organizations serving at the 
j> 08 t for the iinprovomont of the messes. Tlic enlisted personnel 
of the subsistence and quart<*rniastcr’8 dcpaitmonts consists of a 
number of sergeants appointed, after examination, from the line. 
Clerks, teamsters, labourers, &r., are furnished by temporary 
detail from the troops or by hire of civilians. The iriedical 
department is charged with the duties performed by the medical 
.staff in all annies. It lias charge of hospitals botii at stations and 
in the held, of ambulances, and of hygiene. It has an enlisted 
jiersonnel, as large os may ho deemed necessary, in addition to the 
authorized strength of the army. This force is called the hosjutal 
coiqis, and performs all hospital service in garrison and in the 
field. Its non-commissioned officers, termed hospital stewards and 
acting hospital stewards, are appointed after examination. A 
knowledge of jihannacy is required. There is also a nurse corps 
ffernale) consisting of one superintendent and such number of 
nuises as may be needed. The surgeon -general is autliorized to 
employ, uiidor contract, dental surgeons, not to exec<*d thirty 
in number. The officers, in addition to their oLhoi duties, 
give instruction by lectures and practical dcnioiistration on 
“First ^id to the Injured” to all lieutenants of the line 
and to such eajduins as may volunteer. Company officers 
in turn arc required to give this instruction to their men 
four hours a month. There is thus always in every company a 
number of men able to supplement the work of the fiosjntal corps 
in the field, or to give the first <jares to the wounded in the 
.ihscnee of medical attendance. The signal corps is cliarged with 
the construction, repair, and operation of military telegraph lines, 
with the sufiervision of such instruction in miiita'iy signalling and 
telegraphy as maybe prescribed by the War Department, and with 
the procurement, preservation, and distribution of the necessary 
supplies. A lino officer is appointed signal officer at each mill' 
tary post, and su{)ervise8 instruction, W'hieh must bo continued 
until there arc in each company at least 1 officer and 4 en- 
listed men proficient in signalling by flag, torcli, and heliogi'aph. 
The signal corps has an enlisted personnel of 760, of which tuimber 
3«')0 are non-commissioned officers. The duties of tlic coips of 
engineers comprise reconnoitring and surveying for military 
purposes, selection of sites and formation of plans and estimates 
for military defences, construction and repair of fortifications and 
their accessories, planning and superintending of defensive or 
offensive works of troops in the field, examination of routes of 
communications for supplies and for military movements, and 
constrnotion of military roads and bridges, execution of river and 
harbour improvements assigned to it, aud sneh oilier duties us the 
President may order. There are three battalions of en^ncer 
troops. They form a part of the line of the army, and are officered 
by officers of the engineer corps assigned temporarily. The priu- | 
•cipal engineer station is Willets Point, New York Harbour, whore 
there is an engineer school of instruction. A field officer of engineers I 
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commands the station and school. The captains, in sddition to 
perform lug the routine duties of a military post, act as instructors. 
Lieutenants of engineers, after serving for about a year after 
graduating at West Point, are assigned to companies, and con- 
stitute the class. The course lasts two years, and comprises 
instruction supplementary to that given at West Point, wdiere 
the same subjects are studied, in military aud civil (including 
electrical) engineering, and in astronomical w^ork. I'he oidnmvcc 
department is charged witli the duty of jtroeuring, by purchase 
or manufacture, aud distributing the necessary ordnance and 
ordnance 8up])lies for the (iovernmeiit, and establishes ami 
main tarns arsenals and depots lor their manufacture and safo- 
kooping. Infantry small -arms, carbines, swords, sabres, hor.sp 
equipments, field-gun carriages, and most of the aceoutrements, 
such as haversacks, knapsacks, canteens, Ac., are manufactured at 
the various arsenals. Cannon of all calibres are (Constructed by tin* 
ordnance (le|>artm6nt, the rough forgings being furuished by 
jirivato firms. Powder is purc'hased, hut the cartridges are made 
ai an arsenal. Revolvers are purchased. Most of the sea-coast 
gun-carriages aud sea-coast mortars arc made by private firms 
The ordnance department has a proving ground at Sandy Hook, 
New York Harbour, where experiments are made and guns are 
tested. The record and pennon ojju'e has but two officers. It has 
in charge the. records of all volunteers, not only of those who served 
in the war with Smin, but in former wars. The chaplains are ol 
various religious uenommatiuiis. One is allowed to catdj icgimenf 
of infantry and cavalry, and twelve to the aitiller\ coips. 

An officer of engineers or ordii nice, or of the adjutaiit-geuorars, 
msiieetor- general's, judge -advoi ate-geiieiars, quartermaster’s, or 
subsistence department, or of tlie signal corps, though eligible to 
command according to his rank, sliall not assunu' eorniriaiid of 
troops unless put on duty under orders which spec lally so direct 
by authority of the President. An officer of the ]iay or medical 
deiiartment cannot exercise command <*xce]»t in his own depart- 
ment, hut by virtue of his ctunmissioii lie may coniniaiid all 
enlisted men like other eommissioned olheeis. 

When the United States adopted a policy of liberal appropria- 
tions for sea-coast defence, the need was tell of a single body of 
experts to decide ujion what was needed and liow the money 
should he spent. Congress accordingly passed a law creating a 
hoard of ordnance a7ul fortification vfhoso duly it was “to make 
all needful aud proper purchases, expeiimeuts, and testa to 
ascertain, with a view to their utilization by the Government, the 
most effoctive guns, small - arms, cartridges, jirojeetiles, fuses, 
explosives, torpedoes, armour-plates, and other implements and 
engines of war.” The membership of tliis hoaid (omprises the 
lieiitenaut-goncral commanding the army (who is its president), oik? 
officer each from the corps of engineers and tlio (»rdnaii(5e depart 
iiicnt, two from the artillery, and one civilian. An officer of the army 
18 detailed as recorder of the hoard. 

By the Act of 2nd Fchniary 1901 each rrrfimnil of cavalry con- 
sists of 1 colonel, 1 lieutenant-colonel, 3 majois, l.v ca]»tains, 
first lieutenants, and 15 second lieutenants; 2 veterinarians, 1 
sergeant-maior, 1 quartennaster-seigeaiit, 1 eomimssary -sergeant, 
.3 scpiadron sergeaiits-major, 2 colour-sergeants, 1 hand, and 12 
tioops organized into 3 squadrons of 4 troops eacli Each troo)? 
of cavalry consists of 1 captain, 1 hist lieutenant, 1 sccfuid lieu- 
tenant, 1 first sergeant, 1 (luaitcrnnister - sergeant, 6 sergeants, 
6 corporals, 2 coo’ns, 2 faiiiers and hlaLksniiths, 1 saddler, 1 
wagonei, 2 trumpeters, and 43 privates Each regiment of iii' 
fantry consists ol 1 colonel, 1 lieutenant -colonel, 3 majors, ir> 
captains, 15 first lieutenants, and 15 second lieutenants ; 1 sergeant- 
maior, 1 quarhTniastei sergeant, 1 eomnnssary-sergeant, 3 hatlalion 
sergeants - maior, 2 eohuir- sergeants, 1 hand, and 12 eomiMiiiies, 
organized into 8 battalions of 4 cotin>ames eacli Each infantry 
eompaiiv consists of 1 Ciiplain, 1 first lieutenant, 1 second lieu- 
tenant, *1 first seigeant, I (jiiarterma‘*ter-sergt ant, 4 sergeants, six 
corporals, 2 cooks, 2 musicians, 1 artiluei, and 48 privates. The 
icgimontal orgaiii/ation of the artilleiy aim of the Uniteil States 
at my is discontinued, and tliat arm is constituted and designated 
as the artillery corps. It c,oiii]»ri8os 2 brandies^ the coast artillery 
ami the field aitillery. The coast artilleiy is defined as that 
portion charged with tin? e.ue and use of the fixed and movable 
elements of land and coast fortifications, iucliidiiig the submarine 
mine and torpe*io defences , and the field artillery as that portion 
accompanying an arniv in tlie field, and including field aud light 
artillery ]>roper, liorse artillery, siege artillery, mountain artillery, 
ami also maehuie-gim batteries. All officers of artillery are on 
one list, in respect to promotion, according to seniority in their 
several grades, and are assigned to coast or to field sTtillcry ac- 
cording to their 8])ecial aptitude for the respective services. The 
artillery corps cousists of a chi(*f of artillery, selected and detailed 
by the President from the colonels of artillery, to serve on the 
staff of the general officer commanding the army, and his duties 
are prescribed by the Secretary of War ; 14 colonels, 1 ot wlioni 
shall be the chief of artillery ; 13 lieutenant-colonels, 39 majors 
195 captains, 195 first lieutenants, 195 second lieutenants, 21 
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ser^ants-major (senior ffrade), 27 sor^oantS'major (junior grade), 
1 electrician sergeant to each coast at til lery post having electrical 
appliances, batteries of held artillery, 126 batteries oi coast 
artillery, and 10 bunds. The strength ot batteries and ronifiniiies 
is fixed by the secretary of war, but the aggregate number of enlisted 
men for the iirtilkuy shall not exceed 18,020. Captains and 
lietitenauts of eavaliy, aitillcry, and infantry, notrei^mrod for duty 
with troons, hittenes, or companies, are available lor r^'giinental 
staff or otlicr details 

The above oigani/.ition provides for an enlisted strongtliof about 
58,000 nicin. In case of emergency tlie Rresident is aufhori/ed to 
enlarge it, so that the niaxinium shall not exeeed 100,000 men. 
This increase is to ho ofIectc<l by augmenting the iinmher of men 
in a company, trooj), or battery, without aiiding to the number ot 
organi/ations or of otHeers, 

The cavalry is armed with the Krug' Jorgensen carbine, cal. 80, 
the levolvcr, cal. 38, and the sabre. The thimble w’aist-helt of 
woven w'eh cauics 100 carbine and 12 revolver cartridges. The 
infantry and coast artillery have iho Krag- Jorgensen rifh*, cal. 30. 
'I he Woven waist-belt carries 100 cartridges. lb)rse and mountain 
batteiies may be organized, but there aie none at ]»re8ent m 
service. Wiih tlie exception of one siege battery of 5-inch guns 
and one of 7-im*h howit/eis, all the held batteries have the 3*2 
IJ.L. rifle. AVheii mountain guns aio uetded, they are issiieil to 
regular field batteiies, or batteries are temporal ily foiimsl by details 
from other organizations. Eacli man has a levolvcr, iioii-com- 
imssioncd otiicers and trumpotors having also a sabre. 

Promotion in the line of the army is exclusively by seniority in 
the arm, a vacancy among the majors of cavalry, loi iiistanee, 
being filled by the senior captain of cavalry. Examination for 
jiroinotion obtains up to the grade of majoi. An ollicei found 
jihysically disipialified from eaiises incnh*nt.il to tlie service is 
retired witli the grade to wliich his jiromotion W'oiild liave entitled 
liiin. Should ho fail in the educational examination,^ he is sii&[>en<led 
fiom promotion for a year, when he is again examined. Should he 
again fail, he is dropjKsl from the rolls of the army. Retiiemont 
of all oliiceis is compulsory at the age of 04 years. Oflicera 
have the right to retire ou theii own apjdicatioii after forty years’ 
service, and may do so, on their own apiJieatioii, in the disci otioii 
of the President, after thirty years’. An ollicer may be retired at 
any period of his service for physical disability should a board of 
officers so rocoiiinieiid. Officers going on the letired list in any of 
the ways mentioned receive tliree-fourthH of tlie lull jiay of their 
grade. In time of war letired officers may he eiiiployod on active 
duty, other than in command of troops, and tliey then receive full 
pay and allowances. 

The army is leoruitod entirely by voluntary enlistment. 
Kocruitiiig oflieors are maintamed in the j)iinci]ial cities and 
towns. In ordinary eircuiiistaiiees each legiment furnishes one 
officer for a tw’o years’ toui of roeruiting duty, but duniig 
active service in the field this duty is lai'gely performed 
by ooiivalescent oflieors. These officers repoit diioct to the ad- 
jutant -general. The prineiiwl reiiuircmenis foi ciihstnient are 
that the applicant foi first enlistmciit must lie between the ages 
of 18 and 35 ; niiisL bo of good cliaractei ; must be able to read 
and write the English language ; must bo a citi/eii of the United 
States or have legally declared liis intention to hceome such ; and 
must pass a rigid ])hysieal examination. The recoids for a number 
of years show that ovoi 80 per cent, of applicants for oiiUstmcnt 
are rejected. The term of enlistment is thiee years The pay of 
a soldier ranges fioin that ot a private (13 dollars a month) up 
through tlie various grades to that of a chief musician (tiO dollars 
a month). The third year a dollar a month is addcil, the fourth 
year (should the soldier re-enlist) two dollars a month, the fifth 
year three dollars a month, and the sixth year five dollars a mouth. 
Tliereaftor a dollar a month is adrleil for each five years’ .service. 
After thirty years’ service the soldier is entitled to go on the 
retired list with throe-fourths of pay and alhmaiicos. The soldier 
has a liberal allow atico of clothiiig, and bis food is furnisbed, so 
that his pay is almost all .spending iiiuiiey. Retired oliicers and 
men foriti a part of the ainiv and are paid by army paymasters. 
Pensions, in regard to which the country is very liberal (they call 
for about 140,000,000 dollars annually) aio jiaul to poisons no 
longer m the service, and the money is’ not disbursed by iho War 
Dopartiiient 

The principal source from which officers arc siip])licd to the 
army is the Militaiy Academy at West Point. The I’resident has 
omtM appointments of cadets at his disjiosal, which 

are generally given to sons of army and navy officers. 
Each senator and each rcpreseutativi* and delegate in Congress has 
one. These ap}>oiiitiiieiits are not made anniiallv, hut as vacancies 
occur through gradmitiou of cadets, or their disiharge befoie 
graduation. The inaximiim number of cadets is 181. The com- 
maudiiig officer of the academy has the title of superintendent. 

^ That IS, an examination in English grainmat, niathcmatic*^, 
geograpliy, history, constitutional and mteruational law*. 


He is detailed from the army, and has the temporary rank of 
coloncL The corps of cadets is organized as a battalion, and is 
commanded by an officer detailed from the army, having the title 
of commandant of cailets. He has the temporary rank of Ueu- 
tenant-colonel. An oiliier of engineers and of ordnance are de- 
tailed as instructors of practieiu military engineering and of 
ordnance and gunnery respectively. The heads of the other 
depaitmeiits of instruction have the title of professors. They are 
selected generally from officers of the army, and their positions are 
permanent. The otficcra above mentioned, and the professors, 
constitute the academic board. The military staff au(f assistant 
instructors are officers of the army. The course of instmction 
covers four years, and is very tliurough. Theoretical instruction 
comprises mathematics, French, Spanish, English, drawing, 
physics, astronomy, chemistry, ordnance and giiniiory, art of war, 
civil and military engineering, law (international, constitutional, 
and military), history, and drill rogulatioiis of all arms. Practical 
instnietiou compiisos the service drills in infantiy, cavalry, and 
artillery, surveying, reconnaissances, held riigitieeriiig, construction 
of tem|)orary bridges, simplo astronomical observations, fencing, 
gymnastics, and swimming. Cadets are a part of the army, and 
rank between second lieutenants and tho highest grade of non- 
commissioned officers. They receive from tho Government a rate 
of pay sufficient to cover all ne<*essary (>xponses at the academy. 
About 50 per cent, of those entering are able to complete the 
courbe. The graduating class each year iiumbei*s, on an average, 
about 60. A class, on graduating, is arranged in order according to 
merit, and its members are assigned as second lieutenants to corps 
and , arm, according to the recommendation of the academic 
board. A few at tho head of the class go into the corps of 
engineers ; tlie next m order generally go into tho artillery, and 
the re.st of the class into the cavalry and infantry. Tho choice of 
graduates as to arm of service and regiments is consulted as far as 
piacticable. Any enlisted man who has served honestly and 
laitlifully not less than two years, w'ho is between 21 and 80 
years of age, unmarried, a citizen of the United States and of good 
moral character, may aspire to a commission. To obtain it he 
mu.st pass un educational and physical examination before a board 
of live officers. This board must also inquire us to the character, 
capacity, and record of tho candidate. Many well-educated young 
men, unahlo to obtain apjiointments to West I'oint, enlist in the 
army for tlin oxpre.ss purpose of obtaining a commission. Vacancies 
in the grade ot second lieutenant remaining, after tho graduates of 
tho Military Academy and niialificd enlisted men have been ap- 
pointed, aie filled fiom civil life. To be eligible for appointment a 
candidate must be a citizen of tho United States, unmarried, be- 
tween the ages of 21 and 27 years, and must be ap]>roved by 
an examining board of five ofliccr.s as to habits, moral character, 
jihysical ability, education and general fitness for the service. In 
lime of peace very few arqiointments from civil life are made, but 
ill time of war there is a Jaigo number. 

Tlicie are, m addition to the Engineer School already mentioned, 
four service schools for officers. These oie : the Artillery School 
at Fort Monroe, Virginia , the Infantry and Cavalry School at 
Fort Leavenworth, Kansas; the Cavalry and Light Artillery 
School at Fort Riley, Kansas ; the Army Medical School at Wash- 
ington. The commandants, statls, and instructors at these bcIiooIh 
are officers specially selected. Tho garrison at Fort Monroe ia 
composed of several companies of coast artillery. The lieu- 
tenants constituti' the class. They are relieved and replaced 
by others ou 1st September of each year. The course 
of instruction comprises the following subjects : artillery, 
balli.stics, engineering, steam and mechanics, electricity and mines, 
chomistiy and explosives, military science, practical military 
exercises, photography, telegraphy, and cordage (tho use of ropes, 
the making of various kinds of knots and lashings, rigging 
shears, Ac., for the handling of heavy guns). July and August 
of each year are ordinarily devoted to artillery target practice. 
Tho course at tlie Infantry and Cavaliy School is for twa 
years. The class of student officers is made up of one lieutenant 
from each regiment of infantry and cavalry, and such others as 
may be detailed. They are assigned to the organizations compris- 
ing tho garrison, normally a regiinoiit of infantry, a squadron (four 
troops) of cavalry, and a battery of field artillery. The depart- 
ments of instnietiou are : military art, engineering, law, infantry, 
cavalry, niilitaiy hygiene. Much attention is paid to practical 
work in the minor operations of war, the troops of tho garrison 
being utilized in eonnectiou tborewiili. At the close of the final 
examinations of each class at Fort Monroe and Fort Leavenworth, 
thdse officers most distinguished for proficienry are reported to the 
adjutant-general of the army. Two from each class of the Artillery 
SehooJ, and not more than five (the number to be determined by the 
lieutenant-general commanding the army) from each class at the 
Infantry and Cavalry School, are thereafter, so long as they re- 
main in the service, noted in the annual army register as honour 
graduates.” The work of the Cavalry and liight Artillery School 
at Fort Riley is mainly practical, ana is carried on by the regular 
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carriBon, which UBually» in time of peace, consists of two squad- 
rons of cavalry and three field batteries. The Qovorninuiit reserva- 
tion at Fort Riley comprises about forty square miles of varied 
terrain, so that opportunities are aiforded, and taken advantage ot, 
for all kinds of field operations. The Army Medical School is 
established at Washington. The faculty consists of four or more 
professors selected from the senior officers of the medical depart- 
ment The course of instruction covers a period of hvo months, 
beginning annually in November. The student officeis are re- 
cently-appointed medical officers, and such other medical officers, 
available for detail, as may desire to take the course. Instruction 
is by lecture and practical work, special attention being given to the 
following subjects : duties of medical officers in |)eace and war ; | 
hospital administration ; military medicine, surgery and hygiene ; 
microscopy and bacteriology ; hospital corps drill and first aid to 
the wounded. ^ 

The territory controlled by the United States, at home 
and abroad, is divided into territorial departments. These | 
are established and their commanders assigned by direction I 
of the President. In time of peace, army corps, divisions, j 
or brigades are not formed except for purposes of instruc- * 
tion. Tlie commander of a military department controls ] 
all the military forces of the Government within its limits, 
whether of the line or staff, whicli are not specially ex- 
cepted. The exceptions ineliide the Military Academy, 
the Artillery School, the schools at Forts I^eavenworth 
and Riley in matters pertaining to the courses of instruc- 
tion, the engineer establishment at Willets Point, arsenals, 
general depots of supply, general service recruiting stations, 
pennanent fortifications in process of construction, and 
officers employed on special duty under the Secretary of 
War. But when an emergency demands it, all military i 
men and matc^rial within the limits of their jurisdiction j 
come under their control. A department commander is 
charged with the administration of all the military affairs 
of his department, and the execution of all orders from 
higher authority. Ho reports to the Commanding 
General of the Army all matters relating to the general 
welfare of his command, including such change of station 
of troops as he may deem desirable, but must obtain 
approval of the Commanding General of the Army lieforo 
ordering the movement. If it be necessary to move 
troops to meet emergencies, such movements, and all the 
circumstances connected with them, must be riqiorted at 
the earliest possible moment. The personal staff of a 
department commander consists of the authorized aids. 
Tlio dcjiartment staff is limited to the officers detailed 
by the Secretary of War from appropriate staff depart- 
ments or corps, or of officers of the line detailed by tlie 
same authority to act in their stead, and their official 
designations are as follows : adjutant -general, chief 
quartermaster, chief commissary, chief surgeon, chief jiay- 
master, judge advocate, and artillery inspector; also, 
when necessary, an engineer officer, an ordnance officer, 
and a signal officer, each detailed from his corps. 

There are in the United States proper, including Alaska, 
about one hundred military posts. Tlie garrisons of a 
majority of them, even when large forces are not needed 
out of the country, are necessarily small. The various 
staff positions at a post, such as adjutant, quartermaster, 
commissary, signal officer, and ordnance officer, are usually 
filled by lieutenants of the garrison temporarily detailed. 
At a post having the headquarters of a regiment, the first 
three positions above mentioned are filled by the regimental 
adjutant, quartermaster, and commissary respectively. 
The regimental adjutant, quartermaster, and commissary 
are selected from the captains, and the tour is limited 
to four years. As the groat majority of officers of 
the line have, before obtaining their captaincies, filled 
one or more of the various staff positions, in addition 
to having taken the course at a service schoolj there is 
always available a large number of officers thoroughly 
qualified to fill any staff position. 
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The Act of 2ml March lft99 authorized tlie rresident 
to raise a volunteer force of 35,000 men for servif(» m the 
Philippines, to continue in service not latei tliaii 3()th .lime 
1901, on wliich date the strength of the regulai army, 
with the exception of the artillery, was to )»e n‘ducL*d 
to the numbers in service prior to the ontlireak of tlie war 
with Hpain. On 5th July 1899 tlie President ordered the 
organization of ten regiments of volunteer infantry ; on 
18th July 1899, of two regiments of volunteer inluiitrvand 
a regiment of volunteer cavalry (the throe last named 
regiments to be organized and lecruited in the Philipiiine 
Islands) ; on 1 7th August ] 899, of ten additional regiments 
of volunteer infantry ; and on 9th September 1899, of two 
additional rcgiini»nts of volunteer infantry (the enlisted 
men and company officers of the tw'o last regiments to be 
coloured), hkch regiment was organized at an army post. 
The men w^ere recruited by regular army reerniting officers 
throughout the country, and wito sent at once to the 
nearest regimental rendezvous. The tirn(‘ recjuired, under 
each order, was about si'c weeks. All the colonels, nearly 
all the lieutenant-colonels and majors, and a few of the 
ejqitains, wert‘ seleetecl offii ers of the regular army. Most 
of the other officers and a large pereeiitage of the men, 
had served, in the regulars or volnnteeis, in tin* w^ar with 
Siiain. The training of the men began at on'-c on arrival 
at rendezvous, special attention being given to instruction 
in duties of guards and outposts, to figliting iii extended 
order, and to target practice. Tht‘ jihysioal examinations 
were rigid, and the cliaractiT of the accepti'd iiersonncl 
was excellent. The result was the best volunteer force 
ever raised in the United States. The first regiment 
sailed for Manila, 8th September 1899, and tlie last, 21st 
December. They were at once ready to lake the field on 
arrival, and did most excellent service. One instance is the 
remarkable and energetic pursuit of the insurgents hy 
volunteer troo]>s, through the mountainous, heavily -worxlecl, 
entirely unknown country of northern laizon, where trans- 
]»ortation of sup] dies was at all times difficult and in many 
cases impracticable. 

The Act of 2nd February 1901 repealed so much of the 
Act of 2nd March 1899 as provided for a reduction of 
force, 30th June 1901, and i>ut the regular army on a 
]HTmanent basis. It authorized the raising of 12,000 
(provided the maximum of 100,000 for the entire army 
wm not exceeded) Philippine native troops, organized into 
comjHinies and battalions ; the miiiois and captains being 
selected from the next lower gKules in tlie line of the 
army. It also ]>rovided for a tliree-battaliou native Porto 
Rican rcgiirumt, the field officers and cajitains to be selected 
as for the Philijqnne native troojis. 

The United States has never had a satisfactory system 
of increasing its armed strength for war. The subject has 
received a great deal of attention, and mucli legislation 
has been jn-oposed, but the form of government makes the 
question very difficult of solution. The militia, number- 
ing about 115,000 officers and men, is distributed through 
the various States, constitutes Stati‘ tiotqis, and is iiide- 
l>endent of the general government. Disorders within tin* 
limits of a State are to be dealt w’lth by the State authorities, 
and the Conslitution expressly prohibits the use of United 
States troo])s in such cuncs, cxce]»t ujion the formal aj»pli- 
cation of the State authorities. The se\eral States are 
vi’iry jealous of tlieir jirerogatnes and never call for federal 
tro.qis except as a last resoi’t. The methoil acjppted for 
raising the twenty-five regiments of volunteers for Philip- 
pine service proUd very satisfactory, but might not bo 
fcasihlo for tlie sudden creation of a large army. It would 
require much time, and there would not be a largo 
enough number of regular officers available. The practice 
both in the Civil War and in the war with Spain was for 
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the President to decide upon the number of men required, 
and then call upon Governors of States to furnish each 
their quota, according to population. Regiments were 
then organized in the several States, either by tilling up 
organizations of the militia already existing, or by creating 
entirely new ones. The officers were ai)pf>intcd by the 
respective Governors. The troops thus organized did not 
c )me under federal control until formally mustered into 
the service of the United States ; and this means of rapidly 
raising a large army has been found by experience to be 
inotiicient and expensive. (w. a. s.) 

Germany. 

The liability to service in the German army is universal, 
and lasts from the 17th to the 45th year. Liability to 
active service begins on the 1st January of the year in 
wliich the man completes his 20th year, and is divided 
into service in the standing army, its reserve, and the 
landwehr of the 1st and 2nd bans. Liability to serve in 
th(? standing army lasts for three years from the date of 
joining (usually in Octol>er), for men posted to the cavalry 
and horse artillery, and for two years for the other arms ; 
but these latter may also be held to serve three years. 
Thereafter, men belong to the reserve for four years, and 
are passed to the Ist ban of the landwehr in the spring 
following the date on which they ^ omplete seven years* 
service. Service in the 1st ban lasts five years, and in the 
2nd is jinilongod to the^Slst March of the year in which the 
man coiujdetes his 39th year, t.c., for the most }>art, six 
years. Men who servo throe years with tin* colours only 
jMiss three years in the Ist ban of tJie landwelir. Dur- 
ing their [»eriod of reserve service, men are liable to two 
trainings of eight weeks each, though the vast bulk only 
do one of fourteen days, and during their service in the 
1st ban of the landwehr to two trainings of eight to 
fourteen days, the bulk being, however, only called out 
once for fourtecni days. The men of th(‘- 2nd ban of the 
landwehr are liable neither to training nor to |K»riodical 
control musters. To the landstnrin belong all males 
liable to service, and not otherwise belonging to the 
army or navy, from their seventeenth to their forty-tifth 
yeiar ; its 1st ban comprising those of thirty-nine years 
and under, its 2nd the others. Its men are not trained in 
I)ea(*c. 

Volunt(*ors are taken, from among men who have com- 
pleted their seventeenth year, to sijrve for three years in 
the cavalry and horse artillery, and for two years in 
the other arms. These men may choose their own regi- 
ments ; so that volunteering is preferred by men who 
either desire to make the army a profession, or, for private 
reasons, wish to complete their active service earlier, or 
have a fancy foi- a particular regiment. A special category 
is formed by the one year volunteers, who must pass a high 
educational test or have gone through certain classes in 
the schools. These njcidve no ])ay, clothe and equip 
themselves, and in tlu* mounted branches find their own 
horses, in consideration of which they only serve one year 
actively. They are supernumerary to the establishment, 
and their number is unlimited. llotli categories of 
volunteers jiass into the reserve', &c., with men of their 
own ago recruited compulsorily. 

Ilecrmting is managed by committeos of officers and civil 
officials ill each recruiting (landwehr) district. These draw up 
lists, deeidb on exemptions allowed hy law, and conduct the 
medical examinations. All men passed as liable and fit draw lots 
for numbers, and the lowest uuinl)ers are taken np to the con- 
tingent required. No substitution is allowed. 

Non-commissioned officers (corporals and above) are obtained 
from two classes— (rt) from the two- or three -year volunteers 
mentioned above, or (b) from the non-commissioned officers’ 
schools, which youths of seventeen to twenty years of age volun- 


tarily join. Their course there lasts three (in exceptional cases, two) 

J rears, and they are bound to serve four years in the army after 
eaving the school. Non-commissioned officers are encouraged to 
remain in the army by a promise of employment in the gendarmerie 
after nine, or in the civil service after twelve years ; and on leaving 
the army they receive a gratuity which varies irom SOs., after five, 
to £50 after twelve years' service. Pensions are given to invalids. 

Officers are obtained from two sources — (a) cadets, and (b) two- or 
three -year volunteers. Cadets join a provincial cadet -house 
between ten and fifteen years of age, and afterwards pass two and a 
half years in the Central Institution, near Berlin. At about oigh teen 
years of age, they are appointed ensigns {F&hnricli^ an intermediate • 
rank between officer and non-commissioned officer) direct. Those 
volunteers who desire to become officers must be approved of by 
their commanding officer, and iiass an examination or produce 
equivalent school certificates. They are private soldiers, but are 
known as aspirants to commissions {Fahner^unker) ; they may live 
at the officers’ mess, and may wear when off duty uniforms ot finer 
cloth. After five months’ actual service, and being passed pro- 
fessionally, they may be promoted ensigns. All ensigns must pass 
through a “war school,” at which the course (military subjects, 
both theoretical and practical instruction) lasts nine months ; 
after which tliey pass their “officers* examination,” and are 
nominated lieutenants as vacancies arise. They must, however, be 
first balloted for and accepted by the officers of the regiment they 
are to join. 

Officers of the reserve come, for the most part, from former one- 
year volunteers, who, after their one year’s service, do two trainings 
of eight weeks each, and pass an examination. The one-year volun- 
teers who do not become reserve officers become non-commissioned 
officers of the reserve. 

There are four separate armies — those of Prussia and of the minor 
states, Bavatia, Saxony, and 'Wurtemberg — each administered 
separately by its own War Ministry, but all bound to conform as 
regards organkation, formation, training, pay, command, mobiliza- 
tion, and (to a great extent) clothing, to fixed regulations. The 
minor states have concluded military conventions with Prussia, 
an<l their contingents are administered by its War Ministry. By 
the law of 25th March 1899 the army was to be raised from the 
Isi October 1899 onwards to a strength of 495,500 lance-corporals 
and privates, A\hich figure was to be attained in 1903, and at this 
strength it was to remain till Slst Maroh 1904. It is divided into 
the following units, the figures in brackets showing those actually 
existing after tlie new formations of Ist October 1899 were com- 
pleted : — Infantry, 625 (624) battalions ; cavalry, including mounted 
nflcH, 482 (472) squadrons ; field artillery, 574 (541) batteries ; foot 
artillery, 38 (37) battalions ; pioneers, 26 (24)battalions ; com- 
munications troops, 11 (10) battalions; train;^ (22) battaliouA^ 
The infantry consistsof 175 regiments of 8 bat^Uons, 41 regiments 
of 2 battalions, and 18 rifle battalions. Each' battalion has 4 
companies. A number of those on the frontiers have an establish- b 
ment of 640 non-commissioned officers and men, the remainder 
have one of 570 only. The infantry is armed with magazine rifles 
of 8 millimetres’ calibre, loaded by ^.kets of 5 cartridges at a time, 
and bayonets. In marching order, each man carries 120 rounds of 
ammunition and his share of a fiortable tent equipment. The 
ravalri/ consists of 93 regiments of 5 squadrons each, of which 14 
are heavy, 25 medium (lancers), ana 64 light (dragoons and 
hussars). A regiment has 681 non-commissioned officers and men, 
and 667 horses, hut those on the fiontiors are slightly stronger. 
TJio armament of all cavalry consists of steel -shafted lances (for 
both ranks), carbines of the same construction as the infantry 
rifle, and swords. The mounted rifles consisted in IMO of 7 
squadrons, and 10 more were to be raised. Each hadM3 non- 
commissioned officers and men, and 1 32 horses. TheyJVe armed 
with swords and revolvers, and are used as orderlies, scouts, Ac , 
and attached to various staffs. The field artillery^ consisting in 
1900 of 85 regiments, was to attain its full strength of 94 re^ments 
in 1901, each regiment having 6 batteries in 2 Wigade divisions of 
3 batteries each. In 6 regiments (one of these btigado divisions), 
and in 2 other regiments, one of the 6 batteries is of horse artillery. 
Eleven of the regiments have each an extra brigade division of 2 
horse artillery batteries, which, on mobilization, would join theca valry 
divisions. In each army corps (see below) one hrif^ade division of 
one of the regiments consists of 3 field howitzer batteries. About one- 
third of the field batteries arc on a higher establishment of 115 non- 
commissioned officers and men, 60 horses, and 6 guns (there are 12 
batteries on a still higher establishment) ; the remainder having 
102 men, 44 horses, and 4 guns horsed. The horse batteries for 
the cavalry divisions have 121 non-commissioned officers and men, 
120 horses, 6 guns, and 2 waggons horsed ; the others, 02 men, 76 
horsey, and 4 guns. The guns are of 1896 {)attern, nickel- steel 
quick-loaders of 7*7 cm. calibre, and the howitzers of 1898 pattern 
of 10*5 cm. calibre. Both fire shrapnel shell and shell filled with 
high explosives A battalion oKfooi artillery has 4 companies, with 
595 non-commissioned officers and men. Two (in 2 cases 8) 
battalions form a regiment. This arm is trained for siege and inland 
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fortress duties (exoept 3 battalions as ooast artillery), and also mans 
the heavy position and howitzer batteries of the field army. The 
pumeera are organized in single battalions of 4 companies, with 611 
non-commissioned officers and men, and are armed as infantry. 
They are trained in field and siege works and bridging. The com- 
7 nunication 8 troopa consist of S railway regiments of 2 battalions 
each, and 1 indeiJendent battalion, 8 telegraph battalions, and a 
balloon company (to be expanded to a battalion of 2 companies). 
The train hattalwna correspond to the transport branch of the British 
Army Service Corps, and have each 8 companies, with 299 non- 
commissioned officers and men, and 190 horses. To 8 of them are 
attached sections of 59 men and 57 heavy draught hoises for 
• batteries of position. 

The army is divided into 23 army corpa. Twenty-two of these 
are assigned to certain territorial districts for recruiting, and the 
Prussian Guard Corps is recruited from the whole kingdom. Of 
these 22 (21) ooriis, 16 are furnished by Prussia, Ac., 3 (2) by 
Bavaria, 2 by Saxony, and 1 by W urteinberg. There are exceptions 
in many cases, but the usual composition of an army corns, when 
the artillery had reached its full strength, was to he : 2 divisions each 
of 2 (in 9 divisions, 8) brigades of infantry, each of 2 regiments, 1 
brigade of cavalry of 2 re^nients, and 1 brigade of field artillery 
of 2 regiments, besides which the corps would have 1 squadron of 
mounted rifies, 1 battalion of riiles, 1 foot artillery regiment, 1 
ioneer battalion, and 1 tram battalion. The let and 14th coriis 
ave each 3 divisions. In the varions War Ministries mentioned 
above, the administration of the armies is conducted. Prussia and 
Bavaria have in addition a Great General Staff,*’ in which the 
preparation of the army for war and its employment in the field 
are studied. There is, further, in each Slate a ** Military Cabinet,' 
in which all questions of the promotion and appointment of officers 
are dealt with. The heads of these throe departments are indejKm- 
dent of each other, and are directly subordinate to the sovereign. 
Groat independence is allowed to generals commanding army corps, 
who are directly responsible to the sovereign fur the training and 
preparation for war of their troops. 

The standing army would take the field as it stands in 
jieace, except that the bulk of the cavalry would be formed 
into independent cavalry divisions, each of C regiments and 
2 batteries of horse artillery, and that certain units of its 
artillery and engineers serve as cadres for 2iid line foriiia- 
tioiis. An infantry battalion on the war footing has 26 
^ officers and officials, 1031 other ranks, 46 horses, 15 
canines ; a cavalry regiment of 4 squadrons (one of the 
sqiBflrons being loft behind as a deyiot), 31 officers, <kc., 
665 men, 74J|||||prses, and 17 carriages; ahorse battery, 
d|||Bofficers, K^^nen, 236 horses, 6 ^ns, 9 amniunition 
■BRggons, and 5 " other carriages ; and a field battery, 5 
^tocers, 171 men, 150 horses, and carriages as in a horse 
battery. A nonnal army corps would have 25 to 29 
battalions, 4 or 5 squadrons, 21 batteries, 3 yuoneer 
companies, &c., or a total fighting strength of 25,000 to 

29,000 infantry, 600 to 750 cavalry, 126 guius, and 750 
j)ioneers, with a ration strength of 37,000 to 41,000 men 
and 1 2,000 horses. A cavalry division wdth 24 squadrons 
and 2 batteries would have a ration strength of aV»out 
4800 men and 5100 horses. It is not known to what extent 
reserve ^nd landwehr troo]>s would be formed, but it is 
generally* assumed that a division of all arms of each 
category, 1 2,000 to 20,000 strong, would bo formed in each 
army corps, which would give a 2nd lino army equal in 
strength to the mobilized standing army, about half of 
which might easily bo employed in 1st line. Roughly 
s|)caking, without calling on the landsturm, Germany could 
put 2,000,000 men in the field, and keep another 1 ,000,000 
for home garrisons and depots. i 

The total budgetary strength of the German army for 
1899 was : — 23,730 officers, 79,873 non-commissioned 
officers, 491,826 men, 2155 surgeons, 2805 ymy masters, 
veterinary surgeons, armourers, and saddlers, and 101,065 
troop horses. The above figures are exclusive of the 
colonial troops, which are insignificant in numl)er, there 
lieing in South-west Africa a force of about 750 Germans, 
in East Africa about 130 Germans and 1600 natives, in 
Togoland 3 Germans and 150 nativcjs, and in Cameroon 
15 Germans and 300 natives. Kiaochow is held by 
marines from the Imperial Navy. (j. m. oa ) 
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France. 

Every Frenchman becomes liable to military service at 
the age of 20. This liability dates from the consciiptiou 
law passed at Jourdan’s instance on 5th Sei)tem>)er 1798. 
But the y)rincii)le of universal service was soon iinpairctl 
by the admission of substitutes, authorized by the decree 
of 7th March 1800, and at length abolished by the 
recruiting law of 27th July 1872. This was rey)laccd on 
15th July 1889 by a new law, which extended the total 
period of military service from 20 to 25 years, but reduced 
the term of service with the colours frf>m 5 years to 3. This 
term was to be followed by 7 years in the reserve of the 
active army, 6 years m the territorial army, and 9 years 
in the reserve of the territorial army. Exemptions for 
family or educational reasons were withdrawn, and those 
who had hitherto been allowed the benefit of them 
were required to serve for one yeai with the colours. 
Those who are physically unfit to bi‘iir arms may be 
employed in the auxiliary services in time of war. 
To adjust the strength of the standing army to the 
annual budget, the minister of war is given ])ower to 
release throe -years’ men wlien they havi* completed one 
year’s service. The average annual contingent is about 

200.000 able-bodied men, of whom about oiie lhird are 
released at the end of the first year. There are also about 

20.000 volunteers who serve for one >ear, and may pro- 
long their service to five years. The law' of 1889 w'as 
modified on 19th July 1892, the term of service in the 
reserve of the standing army being ]>r(>longed to 10 years, 
and that in the reserve of the territorial army reduced t-o 
6 years. In the infantry and cavalry more than half 
the subaltern officers are from the ranks, tlie rest biding 
from the military schools. Tn the artillery and engineers 
about three-fourths come from the schools. Promotion 
m partly by seniority, partly by selection. The latter 
method is applied to one-third of the promotions to the 
rank of captain, to one -half of those to the next grade 
(battalion, or squadron, commander), and to all above 
that rank. 

The organization of the army is based upon the law of 
24th July 1873, which fixed the territorial system, sup- 
iJemented by the cadre law of 13th Maich 1875, which 
defined the number of units. But there have been several 
changes since. At present the units of the standing army 
are as follow's : — 

Infa}Unj , — 173 regiments, vu., 163 of tlu; lim\ 4 of Zouaves, 4 
of Algerian rifles, ami 2 loruign The legimnits aie uoiniiially of 
4 battalions, but some fourth hattiiliuiis aie wanting. Tim Zouave 
and foreign regiments have 6 battalions, and 3 of the Algerian 
iiHes have 6. Each battalion consists of 4 comjmiiies, which, in lino 
legiments, have a peace stieiigth of 127 men, in the Zouave^ and 
foreign regiments of 151, and in the Algerian rifles of 164. There 
are 30 battalions of chnssrurs a pied^ each eoiisnsting of 6 com- 
I })anies. Twelve are riiountain battalions, ami have 160 men per 
eonqiany ; the otheis liave 133 men There aie 5 battalions of 
Afneau light inlantry, each having G companies of 260 men. 
There are 4 disciplinary coinpames of variable stieiigth. 

Cavalry, — Eignty-nine regiments, vi/., 13 of enirassiers, 31 of 
dragoons, and 45 of light cavalry (chasseurs, hussars, chasseurs 
d’Afrique and spahis). The regiments generally have 5 Kiiuadroiis 
of 150 men ; the 4 spahi regiments have 22 squadrons m all, of 173 
men. Theie are also 8 remount coninaiiics. 

Eighteen battalions of foot (or fortress) aitillery, 
comprising 105 batteries, with a peace strength of 129 men each. 
Twenty brigades (40 regiments) of field and hoise artillery, com- 
prising 442 field and 52 horse hattenes of 103 men, and 14 moun- 
tain hdtterios of 1.56 men. When serving in Algeria the batteries 
are of liighor strength. 

A’wgtWcrj?.— Seven regiments, including 1 railway regiment 
Two ore of 4 battalions, the others of 8 battalions. There are 
4 companies to each battalion, the railway companies having a 
strength of 160, and the others of 108 men. Eacli regiment 
has also a company of “tram.” The engineer staff numbers 
460 officers and 868 subordinates. 
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Tlio infantry are armed with the Lebel rifle ** of 1886, 8 mm. 
(0*315 in.) in calibre. It is sighted to liOOO metros, and has a 
magazine for 8 cartridges in the stock. The batteries — field, hoi*se, 
and mountain — arc of 6 guns each. Tlie field artillery gun is of 
90 min. (3*54 in) calibre ; the lioise artillery gun is ot 80 mm. 
(3*15 in.) calibre. A quick -filing gun of 75 mm. (3 in.) is being 
rapidly iniroduced. It is of nickel steel, and weighs with its 
carriage about 19 cwt., rather more than the horse artillery gun. 
It 18 said to have a range of 7000 metres, and to be ca]>able of 
firing 20 rounds a iiiiiiute. The W'cight of its shell is 15^ Ih. A 
field howitzer of 120 mm. (4*7 in.) calibre has also been adopted. 
It weighs, ivjth its carriage, 29 cwt., and has a range of (5000 
metres. Hesnles shra)»iiel, it flies long shells weighing 45 lb, wdtli 
a bursting charge of 13 It) of melinite. 

Two regiments of infantry or cavalry form a brigade ; 
2 infantry brigades, with 6 field batteries, 1 company 
of engineers, ikc., form an infantry division ; and, as a 
rule, 2 1 ) 1 1 an try divisions, with a battalion of chasseurs, 
a brigade of cavalry, 8 batteries of field and horse 
artillery, ttc., form an army eorjis. The foot artillery is 
aIlott(id to those army corps which have fortresses wuthiii 
their regions. Franco is divided into 19 aimy corps 
regions, and Algeria forms an additional one. TIkj jiriii- 
cipal elements of the field army corjis, with tlic' staff and 
the cadres of the toriitorial army, are, as a rule, qiiarten'd 
in tJi(' region assigned to it, though its recruits are not 
necessarily drawm from its region. Outside the army 
corps there are 7 iiidejiendent cavalry divisions of 3 
brigades and 3 liorsi' batteries each. 'Die Algerian army 
corps (nuinberetl xix) has 3 divisicuis. It consists mainly 
of Zouave and African niginumts, luit draws its artillery 
and engineers from regiments in Franci*. Theie is also a 
separate division in Tunis. TIkj effective stnuigth of tho 
standing army in 1898 was 544,000 officers and men. 
On mobilization for war the streiigtli of the com|»aiues of 
infantry of the line and chosseurs is raisi'd to 250 men, 
of engiiuMT (joinpanies to 2G2 men, of field battcrieh to 
180, and horse batteric^s to 190 men. Tliere is little 
cliaiige in the scpiadrons of cavalry On a war footing 
a cavalry brigade nuinb(*rs aliout 1200 men, an infantry 
brigade 0000, an army corjis nearly 10,000 men. As a 
fighting force it may be r(‘ckonc(J at 25,000 infantry, 
1200 cavalry, and 120 guns. Armies (the commanders 
of wliich are designated beforehand) would Ihj formed by 
groups of three or moie corps, and the cavalry divisions 
would be attached to them. The t('rritorial army would 
be used cliielly for garrisons and on lines of communication. 
Tho strength of its units when mobiliz(\i is generally the 
same as tJiat of similar units of the active army, but it is 
not at pn*sent organi/.(Ml in brigades. Each army corps 
region wumld furnish 8 regiments of infantry, 8 squadrons 
of cavalry, 1 regiment of artillery, and 1 battalion of 
engineers. Th(» total Avar streiiglli of the activt^ army and 
its reserve w^oiild be neaily 2l millions, and the territorial 
army with its lestu ve Avould raise this total to about 4 J 
millions of trairit*d imui when the present law^s have had 
their full effect (viz., in 1915). This is more than 11 jicr 
cent of the po}>ulatioii. (e. m. l.) 


Italy. 

Thii Italian military organization is governed by laws 
eiiai'ted in 1 883, 1 884, 1 887, and 1 888. The armed strength 
consists of (1) the active army, (2) the mobile militia, (3) 
the territorial militia. The annual eontingent for service 
Avith the colours is determined liy Parliament, and selected 
by lot fro*»i the men who roach the age of 20 in each year ; 
the rest pass at once into the reserve ; men exempted from 
service in the active army, but lit to bear arms, pass into 
the temtorial militia. The liability to service lasts from 
the ago of 20 to 39, and the 19 years may be siient os 
folloAvs : — 


Aotivk Akmt. 

Militia. 

With Colours. 

Reserve. 

Mobile. 

Territorial. 

Yuant. 

Years. 

Years, 

Yean. 

a 

5 

4 

7 


8 

4 

7 


• 

... 

19 


Cavalry. —There are 24 regiments, each of G squadrons, and a 
<le{)ot. Twelve regiiiicnts are told off, one to each army corps ; 
the rest would be foi mod into 3 cavalry divisions of 2 brigades of 
2 regiments. All regiments have a territorial title as well as a 
number. Tho Avar strength is 43 officers and 845 men, of whom 
740 are mounted. 

Artillery. —There is 1 horse artillery regiment, consisting of 
6 batteries of 6 guns. The battery at war strength contains 4 
olficors, 150 N.C.O.’s and men, and 166 horses. The regiment 
would form 3 brigades of 2 batteries to act with tho 3 cavalry 
divisions. Tho field artillery comprises 24 regiments— 12 divisional 
and 12 corps artilleiy. Each regiment oontains 2 brigades of 4 
batteries and a depot battery. A divisional regiment contains 
47 officers, 904 men, and 428 horses ; a corps regiment has 53 
olficors, 997 men, and 458 liorsos. The light battery is armed 
A\ith a gun firing a 9^ Ih. sliell. Tho total weiglit of the gun and 
limber is BOJ cwt The heavy batteries are equipped Avith guns 
firing a 14*9 shell, and the weight heliind tho team is aliout 414 
cwt. A heavy brigade is attached to each infantry division, and 
a mixed brigade of 2 heavy and 2 light batteries is allotted to each 
aimy corps. Tlie mountain artillery is organized in 1 regiment of 
9 batteries of 6 guns and a dejiot. On a war footing each battery 
has 4 officjers, 150 men, and 63 pack animals. The garrison 
aitillery forms 3 regiments, eaeh of 12 companies, and 1 depot, 
and 2 legimoiits of 16 companies and 1 dejiot. A company con- 
tains 3 officers and 100 men. The garrison artillery supplies the 
f)er.H(mnel lor siege parks, for fortresses, or fortified positions, and 
for coast batteries. 

Ivfnntry . — The infantry of the line forms 2 regiments of 
grenadiers and 94 other regiments, organized in 48 brigades 
boanng local titles, and 24 divisions. A regiment has 3 battmions 
of 4 companies and a de})ot. The strength of a regiment and a 
battalion is : — 




Off. 

NCO’s 
and Men. 

Regiment 

/ Peace 

I War 

61 

76 

1299 

2811 

Battalion 

/ Peace 

1 War 

15 

24 

400 

918 


In addition to line infantry, there arc 12 regiments of bersaglieri, 
wdiich are not brigadctJ, and 7 regiments of Alpiiii, specially 
trained for mountain warfare. The logular infantry is armed wdth 
the Mannlicher magazine litlo, calibre 0*257 inch, Aveighing with 
bayonet 9 lb 2 oz 

Knguieers . — These form 2 regiments, each of 16 sapjior or field 
comimnios ; 1 regiment of 7 sapper companies, 6 telegraph com- 
jMiiiies, 3 transport companies, and 1 s[)eciuliHt coiiijiany ; 1 
regiment of 8 ])ontoon conqianies, 2 special lagoon coin panics for 
service at Venice, 4 railvvay companies, and 3 transport companies. 
Each of tlie 4 rogimcuits has a dejmt. Tho sapper or field com- 
panioa furnish 1 company and 1 ]>ontoon section to each division 
in the field, 1 engineer ])ark to each army corps, 1 brigade of 
3 companies to oacli field army. They also supply detachments 
for sieges or for Avork in fortresscss. Tlie telegraph companies 
furnish a telegraph park to each ai*my corps and to each army in 
the field The pontoon comjiaiiies furnish to an army one or more 
bridging trains, each carrying about 200 yanis of bridge. 


Uiffher Organizaikni . — An infantry divisiun is composed 
of 2 brigades of infantry of 12 battalions, 1 brigade of 
artillery of '4 battalions of 6 guns, 1 company of engineers, 
1 pontoon section, 1 ammunition column. It numbers at 
war strength 276 officers and 12,705 N.C.O.’s and men. 
A cavalry division comprises 2 brigades of 2 companies, 
and 2 horse artillery batteries numbering 213 officers and 
3820 N.C.O.’s and men, together with an ammunition 
column and administration units. An army corps con- 
tains 2 divisions, with coqis troops consisting of 1 regiment 
(3 battalions) of bersaglieri, 1 cavalry regiment of 6 
stjuadrons, 2 artillery brigades (48 guns), the whole 
numbering 943 officers and 30,387 N.C.O.*s and men. 
There are also 1 corps ammunition column, 1 engineer 
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park, 1 telegraph park, and administration units. The 
active army can supply 12 army corps. 

Mobile Militia . — The mobile militia is organized in 
144 infantry battalions of 4 companies, 18 battalions 
of bersaglieri, and 22 companies of Alpini. In addition 
there are 12 brigades of field artillery, each of 4 bat- 
teries, 34 companies of garrison artillery, 9 of mountain 
artillery, 30 companies of engineers ; 4 field batteries and 
2 companies of garrison artillery for Sicily ; togcjther with 
9 battalions of lino infantry, 1 battalion of bersiiglieri, 1 
* squadron of cavalry, 2 batteries of field, and 1 company of 
garrison artillery for Sardinia. 

Territorial militia is organized in 320 battalions of 
infantry, 75 companies of Alpini, 100 companies of 
garrison artillery, and 30 companies of engineeis. 

Colonial Trooji^.— A special force exists for the garrison- 
ing of Eritrea composed of volunteers from the active 
army or reserve and of native tniops. 

The armed strength of Italy numbers about : — 


Active army and reserve 
Mobile militia 

Territorial militia 

Ofllcurs 

19,450 

3,600 

5,200 

N 0 0 ’h 
aud M(‘n 
80.^000 
29.'!, 500 
1,617,000 

Total 

28,250 

o 

o 
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The military forces of Austria-Hungary consist of (1) 
the active army with its reserves, (2) the landwehr, (3) 
the landsturm. The active arm> is superintendc'd by a 
single war ministry for the whole monarchy ; but the land- 
wehr and landsturm are under two separat(» ruimstnes of 
national defence, — one for the troops of Hungary, Ci’oatia, 
and Slavonia (the “Honved” troops), th(' other for the 
remaining states. Liability to military service was made 
universal in 1868. The law at j>resent regulating it was 
passed in 1889. Except in “the occupied provinces,” 
Bosnia and Herzegovina, which have sjiecial treatment in 
several respects, substitutes are not allowed The liability 
begins at the age of 20, and the term of service is 12 
years; but the nature of the service varies. Out of 
180,000 able-bodied men annually available, over 100,000 
are taken for the army, and after 3 years in its ranks, 
sjiend 7 years in the reserve and 2 years in the landwehi. 
About 23,000 serve their whole term in the landwehr. 
The remaindcjr go to the ersatz (dejiot) reserve of the 
army or the landwehr as supernumeraries. The destination 
of the recruits is detennined partly by lot, jiartly by 
their claims to consideration. Young men of good educa- 
tion are admitted as “ one-year volunteers ” at their owui 
cost, or sometimes at the cost of the state. All men 
between the ages of 18 and 42 are further bound to 
servii in the landsturm, or general levy, if not otherwise 
enrolled ; but the landsturm is not called out during peace, 
and in war only when the landwehr and ersatz-reserves 
are insuflicient. Young men who are found unfit for 
service have to pay a military tax, according to their 
means, for the benefit of disabled soldiers, or of the 
widows and orplians of soldiers. The oflicers of the 
standing army are drawn from the military schools. 
Promotion is mainly by seniority, subject to tests of 
qualification, but selection is not excluded. The reserves 
are officered by retired officers and one year volunteers. 
The units of the standing army (omitting depot cadres, 
<kc.) are as follows : — 

regiments of the line, 4 regiments of Tyrolese 
rifles, 4 Bosnian- Herzegovinian regiments, all of 4 battalions , also 
26 independent rifle battalions ; making a total of 466 battalions. 
There are four companies to each battalion, and their normal peace 
strength is 4 oflicers and 93 men. 
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Cavalry. — Forty- two regiments, viz., 15 dragoon, 16 hussar, 
and 11 uhlan. Kach regiment has 6 srpiadions and a pioneer 
section. The poafc strength of a squadron is ,5 ofllerrs and 166 
men. The dragoons are recruited fiom tlie Austimn jjrovincea, the 
huHsars from Hungaiy, the niiUns mainly from (hilieia They arc 
all armed alike with sabres and repealing earlnnes. 

ArtilUry . — Fourteen brigade.s of iiehl artilleiy, each consisting 
of 1 corps regiment and 3 divisional regiments. Jn eaeh legimeiit 
there are 4 field batteries with a peaee stiength of 4 ofliceis, 101 
men, and 4 guns (to be rais(‘d to 8 guns in time of uai ). Attached 
to regiments of the eorps aitillery there are 8 divisions of horse 
artillery, making 16 lioise hatleiies of 5 oflieeis and 1*22 men eadi, 
and 11 battc*rie8 of mountain artillery of *2 oflieeis and 60 men 
each. 1’hoie are also 3 additional Tnoiin1n.ni batteries whieh 
form a separate division. Of fortress mtillerv there are 6 regi- 
ments amt 3 independent buttiilions, making 18 battalions mall. 
In each battalion there are 4 held eomjiaiiies of 4 oflicers and 98 
men. 

EngtneerHy d'C. — Fifteen pioneer battalions, each having 5 eom- 
panies of 5 oflieers and 107 men The htli eoinpany is expanded 
into 8 fortress comi»finies in wjir. The train nieliides hridge- 
cqiiipmcnt. There is a vjiilwa) and tdegiaph regiment of 3 
battalions, each having 4 eom]>aiiies of 60 ofheers and 118 men. 
The engineer staff comprises 146 oflieers 

The general staff of tlie army iiumocrs 481 (»fficers, of 
whom 276 belong to tlu* staff coi]is, and the rest are 
attached. There arc 29 infantry icgiincnts (to be increased 
to 32) of Austrian landwehr, and 28 of Hungarian, making 
195 battalions iii all. Each liattalion has 4 conqiaiiies 
of about 55 men. Tlie landwehr cavaliv crm.sists of 6 
regiments of ulilatis and 10 regiments of Hungarian hussars, 
of 6 squadrons each, and thcie are also 3 squadrons of 
Tyrolese and Dalmatian mounted infant ly Tlie jieace 
strength of the squadrons is from 43 to 65 mem There 
are no landwehr artillery or engineers. Th(' infantry are 
armed with tlie Mannlicher magazine rifle of 8 mm (0*315 
inch) calibre, the latest pattern being of 1895. It is 
sighted to 3000 jiaces. The magazine holds 5 cartridges 
which are inserted simultaneously in a clqi. Tlie field 
and horse batteries are armed with bteel-lironze guns of 
9 cm. (3*42 inch) calibre, the field gun w*eighing 9^ cwt., 
and that of the horse artillery about 8 cwt. The pattern 
is of 1875, and no provision has yet been made foi sub- 
stituting (jiiick-firing gun.s ; but something has been done 
to check recoil and make the present guns moie effective. 

The higher units of the aimy aie of Aariable strength. 
An infantry brigade con.sists of 6 to 9 battalions ; a 
cavalry brigade of 2 or 3 regiments. Two brigades form 
a division. An infantry diMsion comjiri.scs also 3 or 4 
squadrons of cavalry, and a legiment (4 batteries) of Held 
aitillery. A cavalry division has 2 batteries of horse 
artillery and one or two battalions of rifles. A corjis is 
ordinarily made up of 2 infantry divisions, a cavalry 
brigade, a regiment of corjis artillery, and technical troops. 
The territory of Austria-Hungary (including Bo.snia and 
Herzegovina) Is divided into 15 corjis districts and 1 
divisional district (Zara in Dalmatia). There are 5 
cavalry divisions, of winch 2 aie attached to the 11th 
corps (in East (lalieia) and the other 3 to the Ist, 2nd, 
and 10th corps. The total iieaee strength of the regular 
army is about 283,000 men, and of the landwehr about 
49,000, making 350,000 in all, officers included. The 
war strength of the various units is not publi.shed now, 
but the field troops available on mobilization would prob- 
ably amount to 800,000 men, the landwehr to 320,000, 
the ersatz-re.serves of army and landwehr to 480,000. It 
is reckoned that another 'million of trained men could he 
found in the landsturm. (e. m. l.) 

• 

Russia. 

Since the w^ar of 1877-78 many changes have been 
introduced into the Russian army, which was not pre- 
viously organized in higher units than the division. 
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Under the law of Jan. 13, 1874, modified by that of 
June 14, 1888, and Jan. 19, 1893, liability to service 
extends from the beginning of the 2l8t to the end of the 
43rd year of age. The first 18 years are passed in the 
standing army, tlje rest in the militia. Service with the 
colours lasts for 5 (in practice 4) years, the remaining 
term being sjient in the reserve, which enUiils two train- 
ings of six weeks eiich for the entire period. The army 
mobilized for war is composed of (1) field troops, (2) 
reserve trcKijis, (3) depot troops, (4) fortress troo]>s, (5) 
local troops, (6) militia. 

(1) The field troops are composed of the standing army 
made up to war strength by calling out the reserves. 
(2) The reserve troops are formed by the expansion of 
reserve cadres maintained in peace. (3) Depot troops are 
formed upon cadres detached at the outbreak of war from 
the standing anny. Their function is to keep the field 
units up to strength. (4 and 5) Fortress and local troops 
art? brought up to war strength in the same way as reserve 
troops, but are intended to bo employed only on garrison 
duties. (6) The militia comprises all men physically fit 
for military puriiosos between the ages of 21 and 43 
inclusive, and is divided into 2 bans. The Lst lian con- 
tains the men who have served with the colours, and 
those who have not been included in the annual contin- 
gents, but are wholly fit for active service. It may bo 
used to complete the field army, or t« • form militia units 
for homo defence. The 2nd ban includes men exempted 
on special grounds from service with the colours, and 
those regarded as not wholly fit for operations in the field. 
Military service in Finland was regulatt^d by the law of 
Jan. 13, 1881, which prescribed 3 years with the colours 
and 2 with thi‘ reserve, the r^st of th(i military period 
up to the end of the 43rd year of age lieing jiassed in 
the militia. The conditions have, liowever, lieen as- 
similated to those of the enijnr(\ Cossacks servo under 
special regulations for 20 years, beginning with the 
completion of the l8th year of age. The first 4 years 
are siient with tlie colours, the next 4 on leave. During 
the last 5 years they are only liable for service in case 
of war. 

JnfaiUry . — There are 209 regiiiioiits, each of 4 battalions, of 4 
companies and a non-comliataiit company. These regiiueiits com- 
prise 12 of im[>crial gimnl, 1 6 jL?roiia<liers, 181 line lulantry. Guard 
rogimonts have titles only, the rest (1 to 16 grenadieis and 1 to 
180 line) have a gnogia]))ncal title as well as a mimhcr. The 
peace and war establishnients of a regiment arc as follows : — 


Teacr War 

Officers 70 79 

N G O.'s and men (combatants i . 1816 3874 

Horses .... 25 ir>8 

Carnages . ..... 77 


Rifles are regarded as light troops, and are supplied with rerruits 
of superior stamp. They consist in peace of 36 two-hattalion 
rogimonts and 32 independent liattalions, Jiaving on Tnolnlization 
4 four-battahon regiments, 32 two-battalion regiments, and 32 
independent battalions The magazine iille, 1891 pattern, calibre 
0*299 in., weighs with bayonet 9 tb 12 o/., has a muzzle velocity 
of 2000 f.s., and is siglited to 3000 ])aces. Every infantry regiment 
carries in the field 1280 light and 2.06 licavy spades, 320 light and 
128 heavy axes. TIio Cossack infantry consists in war of 16 
Kuban and 4 Transbaikal baltahoiis. 'J'hc reserve infantry cadres 
maintained in peace consist of liattalioiis in Eurojie, 26 bat- 
talions in the Caucasus, and ir> battalions in Asia, to be expanded 
oil mobilization to 264, 74, and 61 battalions resiicetivcly. The 
fortress infantry is organized in jieaee in 1 regiment of 5 and 17 
regiments of 2 battalions, each of 5 companies. On mobilization 
tliese ex}>^d info 31 regiments of 5 battalions. Tlio regiment 
takes its mlo from its fortress. The militia is intended to be 
organized in 640 battalions in war, and to be brigaded in 2 
categories, each of 320 battalions. 

Cavalry . — The regular cavalry consists of 68 regiments of 4 or 6 
snuadrons, and 2 iiide^iendeiit Asiatic divisions of 2 squadrons. 
The establishment of regiments is as follows : — 



Peace. 

War. 


4 eqiiad- 
rone. 

6 squad- 
rone. 

4 squad- 
runs. 

6 squad- 
rons. 

Officers .... 

32 

88 

80 

36 

N.O.O.’s and men (com- 
batants) . 

706 

1027 

620 

920 

Horses .... 

585 

905 

676 

1016 

Carriages 

... 


23 

29 


Each squadron carries 20 light spades and 20 light axes on the 
saddle. Pioneer detachments with a demolition equipment are 
provided in tlie case of regiments on the western frontier. The 
Cossack cavalry supplies 317 sqtiadrous in peace and 905 in war. 
Each regular regiment has a depot cadre, which on mobilization 
forms 2 squadrons. The Cossack establishments supply in war 43 
depot squadrons, to train men and horses for the active units. 
On general mobilization it is contemplated to form 80 squadrons 
of militia cavalry. 

Artillery , — The field and mountain artillery consists of 62 
brigades — 8 guard, 4 grenadier, 45 line — attached to infantry 
divisions, together with 53 batteries, of which 7 form the 
Turkestan brigade, and 12 form 2 East Siberian brigades, the 
remainder being classed as * * independent.*’ An artillery * ‘ brigade ” 
varies in strength from 9 batteries (guard, m'enadicr) to 4 bat- 
teries (2nd East Siberian). Batteries are massed according to 
their armament as lieavy, light, mountain, and howitzer.* Bat- 
teries of the first 8 classes have each 8 guns ; howitzer batteries 
have 6. The following are the particulars of the equipments ; — 



Heavy. 

Light. 

Mountain. 

Howitzer. 

Calibre (in ) . 

4*2 

3*42 

2*5 

6 

Shrapnel (tb) . 

28 

16*4 

8*9 

59t 

Muzzle velocity (f.s.) 

1450 

1700 

1143 

760 

Projectiles carried . 

108 

150 

128 

92 

Load behind team (cwt.) 

424 

874 

194* 

414 


* Weight of gun, lb. t High explosive shell. 


A field battery carries 82 spades, 24 axes, and 4 pickaxes for 
entrenching purposes. New eouipments are being tried and will 
bo gradually introduced. Tiie howitzer artillery consists of 7 
regiments, of which 1 to 5 have 4 batteries each, and ths 
remainder 2 batteries. There arc also 2 batteries forming part 
of the lst East Siberian brigade. The regular horse artillery num- 
bers 28 batteries (5 guard) and 8 independent horse mountain 
batteries. The horse batteries are organized in divisions of 2 
batteries and attached to cavalry divisions. The Cossack horse 
artillery batteries number 20 peace and 38 in war. The reserve 
field artillery in peace consists of 7 brigades, each of 2 divisions of 
2 or 3 batteries, in all 41 batteries, ex|)andiijfv on mobilization to 
164 batteries. The depot field artillery force is organized in peace 
cadres, forming 3 brigades of 3 batteries, 5 independent batteries, 
and 1 hoise artillery battery, exiiauding in war to a total of 66 
batteries It is proposed, when tne militia is called out, to form 
80 militia batteries, organized in 40 regiments attached to the 40 
divisions of infantry. The fortress artillery contains 66 battalions 
of 4 companies, 4 siege battalions of 4, 3, or 2 companies, 10 
independent companies, and 5 sortie (field) batteries expanding 
into 16 batteries. The establishment of a fortress or siege 
battalion is ; — 



Peace 

- ^ , 

War. 



Battalions of 


Comiiany. 

2 Gob. 

8 Cns 

4 Cos 

Officers .... 
N.C.0.’8 and men (com- 

3 

11 

16 

21 

batants) . 

112 

654 

983 

1810 


The siege ordnance consists of 4*2-in., 6*iij., 8-in. guns, and of 
3 4-111., 8-m., and 9-in. (screw*) mortars. The garrison and coast 
defence ordnance includes 14-in., 11-in., and 9-in. guns (1877), 
11-in. (11B86), 10-in (1895), and 6-in. Q.F. (Canet) guns. A militia 
force of foot artillery, consisting of 10 battalions, each numbering 
24 officers and 1308 N.C.O.’s and men, is to be formed in war.. 

Engirieers, — The sapper and pontoon battalions and the 
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engineer pftrks are in peMe time administered in 7 brigades. In 
war the units are distributed among the field and other troops. 
There are 25 sa|^r battalions in Europe and 4 in Asia, 8 (lontoon 
battalions and 7 field parka The sapper battalion has usually 
3 sapper companies and 1 telegraph company. Its usual establish- 
ment strength is 


Officers 

N.C 0.*8 and men (combatants) . 

Peacf. 

22 

War. 

26 

488 

937 

Horses 

14 

321 

Carriages 


119 


A pontoon battalion carries from 340 to 400 yards of bridge 
equipment There are 7 railway battalions, 4 in Europe and 3 in 
Asia. The latter are kept at war strength : 30 to 85 offieers and 
1300 to 1560 N.C.0.*8 and men combatants. There is in ])eace an 
instructional balloon park, which would form detachments in war 
for armies in the field. 

Higher Organisation for War . — ^The active anny in Europe and 
the daucasus supplies 24 army corps composed of 51 infantry and 
23 cavalry divisions and 2 rifle brigades. Ihere are also 1 
independent rifle division, 5 independent rifle brigades, and 2 
independent oavalir brigades, together with a large body of active 
troops not included in the higher units. The empire is divided 
into 12 military districts and 1 province, subdivided into 23 local 
brigades. 

The approximate total strength of the combatant foices on a 
war footing is as follows 


I. Field Army — 
Infantry . 
(Javalry . 
Artillery . 
Engineers 

Total . 


IT. Field Ileservea — 
Infantry . 
Cavalry . 
Artillery , 
Engineers 

Total . 


III. Fortress Troops — 

All arms . 

IV. Local Troops — 

Cavalry and 
Infantry 

1 V. Depot Troops — 
All arms . 

VI. Militia — 

All arms . 


Grand Total 


The conditions of the Russian empire render a rigid 
territorial system such as that of Germany impossible. 
Large Asiatic garrisons have to lie provided, which, until 
the completion of the Siberian railway, must bo mainly trans- 
ported and supplied by sea. Native troops in considerable 
numbers are maintained, and have to be brought into the 
general system. Thus the military problems of Russia 
approximate more closely to those of Great Britain than 
to those of any other Power. (cs. s. i\) 

Turkey. 

The Turkish military forces are organized on a territorial 
system, the empire being divided into 6 districts (ordu), 
of which the headquarters are (1) Constantinople, (2) 
Adrianople, (3) Monastir, (4) Erzim'an, (5) Damascus, 
(6) Baghdad. The Yemen and Hejaz jform a separate 
ordu, whose troops are recruited from (4) and (5), On 
aecount of the defective state of the internal communica- 
tions and other circumstances, the territorial system is not 
rigidly adhered to, and even in peace time there is a con- 


Battalions 

or 

Sqtiadronti 

Gnus. 

(JlHcers. 

N CO.'S 
and , 

M<*n 1 

985 

730 

3782 

19,454 

8,728 

4,484 

1,076 

952,708 

109,916 

164,096 

39,981 


3782 

28 742 

1,266,701 

1 

1 

1420 

i 

10,572 
2,236 
1,403 
, 137 

631,152 

85,090 

51,196 

6,001 


1 1420 - 

i 14,348 

773,439 


128 

(field) 

4,357 

235,861 



379 

29,690 

... 

462 

5,814 

330,826 


640 

1 10,752 

673,686 

171B 

6432 

1 64,392 

3,310,203 


siderable interchange of troops in the military districts. 
All Mussulmans are liable to military service, but the 
nomad Arab tribes are not regularly recruited, and many 
of their men evade the conscription. Liability to service 
commences at the age of 20, and lasts 20 years. The 
armed strength is divided into 3 categories, in which the 
period of service is nominally as follows : — 

1. Nizam (active f with colours . . 4 years, 

army) (lu reserves . . 2 ,, 

II. Redif (land well r) . . . 8 ,, 

111. Miistahfiz (lamlsturni) . . 6 ,, 

The perUxl of 4 years with the colours is sometimes 
varied, and the nizam njserve is liable to be recalled at 
any time. Between 130,000 and 140,000 men become 
liable to service in each year, and about 50,000 join the 
nizam force. Those not drawn are exempted from colour 
service, but receive some small training. 

CaveUry, — The nizam cavalry forms 38 regiments of the hue 
and 2 of the giianl, each consisling ot 4 squadrons and 1 depot 
squadron. Regiments 1 to 36 foiin 6 cavulr}' divisions, one tor 
each of the 6 ordus. Theic is no redif cavahy, but a tribal 
militia force (Hamidieb), cousisting oi 48 regiments, is tonned 
somewhat on the lines of Cossaeks, the tubes supplying their own 
horses and equipment, and arms being jtrovided by the Govern- 
ment. The war establishments of iiizam eavaliy are 

OfllecrM N.C.i) sandM«n. 

Squadrons . . 6 1.53 

Regiments . .39 617 

Peace establishments are generally low and vary eoiisiderably, 
especially in Hamidieb regiments. 

Artillery. — Tlie Turkish artillery has been genoially the most 
efficient of the three arms. Each of the oicius 1 to ,5 has 1 
battalion of horse artillery and 3 brigades of held and mountain 
artillery. A brigade consists of 2 le^iments of 2 battalions of 3 
batteries. The battery on a war footing has 6 guns. Thus each 
of these ordus should have — 



Batterifh. 

Guns. 

Horse artillery . 

3 

18 

Field ,, 

. 30 

180 

Mountain ,, 

6 

30 

Total 

. 39 

231 


To the 6th ordu 2 remments of 2 battalions are allotted, each 
regiment having 12 field and 2 inountaiu batteries For the 
Yemen and Hejaz divisions 2 field and 3 mountain batteries ate ]iro- 
vuh»d. The total number of batteries is approximately Horse, 
15 ; field, 169 ; mountain, 42. 

A field battery on a war eHtabli.sliment is supposed to contain 4 
ofiieers, 133 N.C.O.’s and men, and 100 horses. Peace estaMisli- 
ments vary considerably in the different ordus. Horse aitilloiy 
is armed with 7*5-cm. guns, held artillery with 8‘7-eiii guns, and 
mountam artillery with 6*9>cm. guns, all of Kriipp manufacture. 
Fortress artillery is |>artly raised in tlic several ordus, and partly 
recruited B}»ecially for the ordnance department. The ordus are 
supposed to provide 64 companies, the ordnance dojiartmcnt 20 
battalions, comprising 74 companies. The foi tress artillery is 
mainly eonceiitiated at Constantino]>le, in the Bosphorus and 
Dardanelles defences, m the Bulair lines and at Erzetuum. 

Infantry . — The nizam infantry consists of 69 regiments, 15 
rifle battalions, and 1 battalion of mountain infantry. In all 
there are about 284 ui/am battalions. Tliere are J2 local bat- 
talions of militia in Tiqioh. A brigade consists of 2 regiments of 
4 liattalioiis , a division consists of 2 brigades and 1 iiflo battalion. 
Each ordu contains 8 lino regiments and 2 rifle battalions. The 
iionunal war establishments of line and rifles are 

( Uttcrni N r.( ),’» and Men. 

Company .... 4 223 

Battalion .... 24 898 

Regiment . .106 3658 

The redif infantry is organized in 88 regiments and 852 bat- 
talions. Each of the ordus siqiplies 8 regiments of 4 battalions. 
Redif troops nominally belong to the 2nd line, but are frequently 
embodied in peace time, ana employed outside their territorial 
districts. Small peace c^ies are jiormanently maintained. The 
war establishment is intended to be the same as that o^tho nizams, 
but redif battalions may lie 1200 strong. The nizam infantry is 
armed with the Mauser magazine rifle, calibre 0*302 inch, weighing 
with bayonet 10 !b 7] oz. Other forces are not yet fully rearmed 
with recent wea|>oiis. 

Engineers, like artillery, are partlv organized in the ordus and 
partly recruited from the ordnance department Tlie ordus 1 to 4 

S. I. 84 
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provide eachl battalion of 4 companies of pioneers, and 1 tclegranh 
comjiany ; the remaining ordus have each 1 company only. The 
2nd ordu has in addition a i>ontoon train under the ordnance 
department. There are two regiments of 3 battalions of 2 com- 
panies and 1 torpedo battalion. The establishment of an engineer 
company is about 200 men of all ranks, and of a telegraph company 
about 106. 

Higher Organization , — Each ordu is supposed to form 
a nizam army coqis of 2 divisions, and ordus 1 to 5 also 
supply 4 divisions of redifs. A nizam division would 
probably consist of 16 battalions of infantry, 1 liattalion 
of rifles, and 1 regiment of field artillery. A cavalry 
division might consist of 6 regiments and 1 battalion of 
liorse artillery — 24 squadrons and 18 guns. A nizam 
army corps would comprise 2 infantry divisions and 1 
cavalry division. The redif divisions would de])end on 
the nizam army for their artillery, and there is not sufficient 
nizam cavalry to enable them to he formed into army 
corps. The army corps organization, however, has not 
been wholly naturalized in the Turkish enqiire, and is not 
well suited to its conditions. The combatant forces of 
Turkey num])er about 700,000 men, exclusive of a large 
number of mustahfiz, who cannot lie said to be organized, 
but who would provide able-bodied men [lartly trained. 

((i. s. r.) 

Switzerland 

The Swiss army is a purely militia force, rc*ceiving only 
periodical training, hut based U]»on the principle of 
universal service. Liability begins at the age of 20 and 
lasts for 25 years. Cavalry men receive a recruit’s course 
of 80 days’ training on joining, and subsotiuently a re- 
petition course of 10 days in each year, until the end of 
the 11th year Artillery and infantry undergo recruits’ 
courses of 55 and 45 days resiicctively, and a rej»etition 
course of 18 and 16 days in eveiy alternate year till the 
end of the 1 2th year, when they pass into the landwehr, 
and rt‘ceivo 6 and 5 days’ training every fourth year. The 
C Jon federation supplies certain units which are recruitcid 
throughout the country. The rest of the army is recruited 
in 8 territorial districts. The armed strength consists of 
(1) the active army, (2) the fortress garrison; (.3) the 
landwelir ; (4) the landsturm. The active army is 

organized in four army corps which draws only to a small 
extent u])on the landwehr. The fortress garrisons are 
made up of active troops (efite) and landwehr. The rest 
of the landwehr is organized in regiments, s(]uadn>ns, 
companies of iiositioii artillery and engineers, and adminis- 
trative units. The hindsturm includes all able-bodied 
men between 17 and 50 who are not included in the 
active army and landwehr, volunteers under 17 and over 
50, and officers up to 55 years of age. It is divided into 
two classes, of which the first consists of all men under 20, 
who on mobilization join the active army as reemits. 
The 2nd class, consisting of men of 20 and upwards, is 
divided into the “ anmjd landsturm ” and the “ auxiliary 
troojis.” The armed landsturm forms 96 fusilier battalions 
of .3, 4, or 5 comj)anies, 23 carabinier companies, and 26 
companies of iiosition artillery. It is insiiectod and drilled 
on one day in each year. The “ auxiliaiy troops ” fonn 
410 iiioiieer com]>anies about 200 strong, and “special 
detachments ” for administrative services. 

Cavalry . — The cavalry of the active army consists of 24 squadrons 
of dragoons and 12 coinj)an)es of guides, tbe former lieiiig 
organized in 8 regiments of 3 squadrons. I'he landwehr cavalry 
supplies the same number of units, but has no horses. A dragoon 
regiment has 17 officers and 358 N.C.O. s and men. Of the 12 
companies of guides, 8 are attached to divisions and have the same 
strenf^h as a squadron of dragoons. Cavalry liorses are kept for a 
year in the remount depots before being issued to recruits. After 
passiug through the recruit’s course, the cavalry man takes his 
horse to his home, })aying half its cost as security. This sum is 
re|)aid by the state in ** yearly instalments,** and at the end of the 


10 years' service the horse becomes the property of the man. 
Dragoons are armed with sword and a magazine carbine, weighing 
7*05 tb., calibre 0*295 in., muzzle yelooity 1800 f.s. The Swiee 
cavaiiy, on aooouut of ite brief training, is intended to be em- 
ployed almost wholly in reconnaissance and as mounted infantry. 

Artillery . — ^The active artillery comprises 56 field and 4 moun- 
tain batteries, each of 6 guns ; there is no horse artillery. For 
fortress work there are 8 companies, 3 observation companies, and 

2 machine gun detachments. The landwehr provides i>ai'ks, 
ammunition trains, and 15 |)osition comiMinies. Tlie 56 field 
batteries form 12 regiments, 8 of which, each consisting of 2 
hrigado divisions of 2 batteries, are attached to the 8 divisions. 
The remaining 4 regiments each consist of 2 brigade divisions of 

3 batteries, allotted os corps artillery to the 4 army coros. A 
regiment of 4 batteries contains 23 officers and 652 N.C.O. *8 and 
men, with 340 horses and 24 guns. The field artillery is armed 
with a 3*31 -in. Knipp gun, firing a 14*8 -Ib shrapnel, with a 
muzzle velocity of 1590 f.s. The mountain gun, calibre 2*95 in., 
fires a shrapnel of 10*14 lb, with a muzzle velocity of 1004 f.s. 
There are 5 brigade divisions of position artillery, each composed 
of 2 active companies and 3 or laudwohr. A brigade division 
nimibers 41 officers and 778 N.C.O. 's and men. Its armament 
consists of 16 12-cm. guns, 12 12-cm. mortars, and 12 6>cm. guns. 
Of the position artillery, 14 brigade divisions aro allotted to the St. 
Gothara and St. Maurice defences ; the i-est is available for em- 
ployment with the field army. There aro 3 brigade divisions of 
fortress artillery attached to the defcncos above mentioned. 
Artillery liomes and those of the train aro hired when required. 

Infantry. — The active infantry consists of 96 fusilier, and 8 
carabinier battalions, oaoli containing 25 officers and about 730 
N.C.O.'s and men, or 720 combatants in all. A fusilier regiment 
consists of 3 battaliuus. The landwehr infantry consists of 66 
fusilier and 8 carabinier battalions. Throughout the army there 
is only one establishment — that laid down for war. The active 
army and landwehr infantry are armed with tho Schmidt magazmu 
rifle, calibre 0*295 in., weight with hayoiitt 10*43 tb, muzzle 
velocity 1900 f.s. The landsturm infantry have the Vottorli rifle, 
calibre 0*410 in., weight with bayonet 11 46 tb, niiuzle velocity 
1411 f.s. 

Engineers . — Tho engineers of the active army comprise 8 half- 
battalions of 2 companies of sa)>T>ors, 4 bridging dotauhmeuts of 
2 pontoon com|)anies, 4 telegraph companies, 1 railway battalion 
of 4 companies, 1 balloon tompauy, and 3 fortress comi>anios. 
Tlie landwehr provides 16 sapiMU* companies, 2 bridging aetach- 
ments, 4 telegraph comitanies, and 4 railway coinpanies. 

Highrr OrgnnlzcUion . — The field army is organized in four army 
corps of 2 divisions, with corps trooj^s. Eacli division contains 2 
infantry brigades of 2 regiments of 2 battalions, together with I 
guide company, 2 brigade divisions of field artillery, a carabinier 
battalion, ancf half a battalion of engineers. Tlie 8 divisions are 
reonnted in 8 territorial districts. On mobilization the active 
army absorbs 230 officers and 5786 N.C.O.’s and men from the 
lancfwehr. The approximate total strength of establishments is as 
follows : — 



OftlcepH. 

N C.O.'h 
and .Men. 

Total. 

Active army 

452*2 

97,169 

101,691 

Active landwehr 

230 

5,736 

5,966 

Fortress garrison . . . . ' 

Fortress landwelir .... 

224 

5,085 

5,309 

314 

8,462 

8,776 

Landwehr troops . . . . | 

1751 

48,159 

44,910 

Total . . . . 1 

7041 

159,611 

166,652 


In addition, the armed landsturm” numbers about 53,500 
men of all ranks. Tho pioneer companie.s supply about 104,000 
men, and tho special detachments about 114,000 men. The 
former have received extremely little training, the latter consist 
of men told off as far as possible for miscellaneous duties to which 
they are accustomed. 

Tho Swiss army is a highly organized force, which, 
regarded as a militia, has no equal. The amount of train- 
ing imparted to it is necessarily limited, but is made as 
thorough as possible ; and the results obtained, as shown 
by manoeuvres, are surprising. Against the small amount 
of actual drill must be set the long service of 11 or 12 years 
passed in the same unit. The men thus acquire a solidarity 
which cannot be at once attained in bodies made up from 
reserves on mobilization. Composed of mature and hardy 
men inured to the conditions of a mountainous country, 
the army is unquestionably a powerful defensive force, 
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reflecting the eturdy national patriotism of the Swiss, 
and capable of offering a strong resistance to external 
aggression. The total annual military cxfienditure of 
Switzerland is under £1,000,000, which a})proximately 
represents the cost of the British volunteers. 

(o. 8. c.) 

Japan. 

Japanese military organization on Western lines may be 
held to date from 1873. Involving as it did the dis- 
appearance of the Banmra% or feudal soldier jtar excellence^ 
the altered state of things occasioned some trouble at first, 
but within throe years the new model got into fair work- 
ing order and has now been accepted with sober enthusiasm 
by the people. At the beginning an advisory board of 
British experts was set up. Then this gave way to the 
mission militaire of French officers and Italian artillerists 
in the arsenal at Osaka. These were in turn replaced by 
a staff of German specialists. Finally, since the jn^riod ot 
the Chinese war, the Japanese have folt strong enough to 
dispense with all foreign assistance and to organize their 
army for and by themselves. 

Conscription, — Every male of the age ot twenty is liahU* to tla* 
fonscriptiou, provided he is ])a8sed by the doctor, is not (undei 
safegiianlH) the sole breadwinner of his family, suiferB from no per- 
manent illness or disablement, is not a criminal, and is not unaei 
going a \cry sitecialized curriculum of edu(‘ation. The conscnjits 
ai'c chosen by lot. The minimum height for the infantry, cavaliy, 
and anny service corjis is 5 feet 2 inches ; for the artilloiy and 
engineers, 6 feet 4 incnes. The number of ohgiblos is estimated at 
427,000 a year, of whom 60,000 are actually taken for the coloiiis, 
and 131,300 for the depot or supeniumorary forces. There is an 
elaborate system of volunteering, devised to secure the thorougli 
training ol the exempted students and of natives who have been | 
lesidcnt in foreign lands, who on their leturn to Ja]Min at the age 
of thirty-two are diufted into the territorials. 

There are four gi^es of service, namely— -(o; with the 
colours for three years ; (6) with the first reserves lor 4i yeare, who 
are called up twice during their lull temi for three or fuui weeks at 
a time ; (c) with the second reserves for live years (the landiockr)^ 
who are called out twice for two weeks at a sjiell during their lull 
tenn ; and (c^) with the teriitoiial troops (the landsturm) up to the 
age of foiiy. Besides these grades there are two ciasses f)f supei - 
numemries (the deiiot), the fiiwt comprising men wlio, though 
physically qualitiod and otherwise liable to serve, have not Wn 
called uj»' lor service with the coloui-s ; the second, men who have 
not only escaiied the lot for the colours, but also service with the 
firat su})ernunierarie8. The first depot serve foi 7i yeans, w’ltli 
160 days’ training during Ihe full term, of which liinety days 
are usually mpiired during the firat ycjar ; the second dei>ot serve 
tor 1 J years, without any training, as a rule, during the jieriod. 
intimately both classes pass into the temtorial army. Thmr chief 
]iurpose is to fill such vacancies as occur in the ranks of the regulara. 

Personnel, — ^The oonscriiit private iMicomes liret a second-class 
soldier, then lirat-class, tiien upiKU, piomotion de|ioudiug upon 
]>roficiency and good conduct. The non-commissioned 8to]is are 
corporal, serge-ant, sergeant-major, and special sergeant-major, witli 
s])ecified jienods of service in eacli ^ade, promotion resting solely 
upon merit. Ollieers are recruited from graduates at the Officers’ 
College — to wiiieh students go uji either directly from one of the 
six local prejiaratory schools or the central preparatoiy school at 
Tokyo, aftei jioHsing an examination in either case — but no com- 
mission is issued until the Staff Council are satisfied of the candi- 
date’s conqictonce and progi-ess. For the higher and specialized 
training and education of commissioned oflicera there aiv so^ciul 
schools, of which the most imiKirtant is tlie Anny College, m which 
instnictiou is given for the superior ranks and staff appointmoiits. 
Others of these institutions are the Toyama School of Musketry 
and Strategy, the School of Artillery and Engineers, the Field 
Artilloiy School, the Garrison Artillery School, the Cavaliy 
Practical School, the Anny Service School, the Anny Medical 
School, the Veteriiiaiy School, the Arsenal School, and the School 
of Militaiy Music. The ranks of officers are, in their older, second- 
lieutenant, firat - lieutenant, captain, major, lieutenant ■ colonel, 
colonel, ma^jor - general, lieutenant-general, general, and field- 
marshal. Up to and including the grade of captain, promotion is 
partly by seniority and partly by merit; but above that rank 
nromotion takes place by merit alone. An officer who never rises 
beyond his captamey is compulsorily retired at the ago of forty - 
eight. The pay of a private runs from Is. lOd. jier mensem for a 
second-class to 8s, 0j|d. for an upper soldiei ; of a non-commissioned 
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officer from Os. 2d. per mensem foi a second-class corpoial to 
28s. 6d. for a first-class sjiccial sergoaiit-majoi, besides rations, 
uniform, and quarters. Officers are jiaid at rates varying fiom 
£34 per annum for a sccond-lieutcnaut to £71 loi a captain, £11.6 
for a major, £238 for a colonel, and £600 for a general. 

Organization, Taking the army as a whole, it is LomiKwcd of 
twelve divisions, numl^red 1 to 12, and one division of guards 
(the Imperial Guard). Each division is commanded by a lieu- 
tenant-general, is stationed permanently in an assigned “district, 
comprises four regiments of infantiy, one regiment of cavaliy, one 
regiment of field artillery, one battalion oi eiiginecra, one liattalion 
of army service, and is in itsell a complete fighting unit An 
infantry regiment is made uji of four battalions of three com]»anics 
each ; a cavalry regiment of cither three or four squadrons, with 
100 sabres to each ; and a fudd artilleiy regiment of six batteries ol 
six guns each. A batlahon of engineers is composed of three com- 
panies, or 600 men ; a battalion of anny service of 300 men. The 
normal strength of a division is thus marie up, excepting the 
division of guarrls, which is somewhat smallci — 


Infantry 

9.600 

Cavalry . 

300 

Engmcera 

600 

Army iScrvicp . 

300 


10,800 men and 3») gnus. 

Of mountain aitillcrv tlicrc aic six icgiments, or 216 guns m all. 
The total force of fitJd artilloiy amountH to soNcntceii regiments, or 
612 guns ; whilst the total strength of cavalry stands at aliouL 
.6000 sabres. Over and above their normal strength, several of the 
divisions (the Imperial Guard, and the Firat, Fourth, FiUh, Sixth, 
Seventh, Tenth, and Twelfth) are funiished wiili extra corps, 
mostly of artilloiy, for the gairisoning of the forts at Tokyo, Yura, 
Kure, Geiyo, Saseho, Tsushima, Hakodate, Mai/uru, and* Shimon - 
oseki ; the additional coiiqdement of the guards coiisisting ol a 
brigade (two regiments) of cavalry, a brigarle (three regiments^ ol 
field artilloiy, and one battalion of railway engineers. The present 
jieiwje footing may he taken at 100,000 men ; but in 1906, w’hen the 
whole bcliomo of readjustment will lie completed, the peace strenath 
will amount to 160,000 men of all ranks and 30,000 horaes, the 
war strength to 600,000 men and 100,000 linracs. The guaids are 
recruited from every }»ait of ihe empire ; the divisions, fiom the 
districts to which they arc attached. Fonnosa is gaiiisoncd by a 
mixed brigade, supplied by the divisions in rotation, comiKised ol 
two regiments of infantry, two squadrons ol cavalry, thiec batteries 
of field artillery, half a battalion of ongineera, and half a battalion 
of army service. Testimony is universal to the exceptional eflieieuex 
of the Medical Service Corps, which is distributed m the projKirtion 
of 100 surgeons to each division, with a complefe oqun>meiit for 
field hospitols, bandaging stations, B]>ecial hospitals, amf the like. 
There is also a Red Cross Society, in oddit’on to a great hospital at 
Tokyo, a largo staff of trained iniraos of both sexes, and two hospital 
ships designed and furnished for the tianspoit of the w’ounded. 
The total cost of the whole army is a tiiflc ovci 37,000,000 yen, or 
£3,700,000 per annum. 

liitaff , — Supreme control is vested in the eniiteioi, who is the 
commander-in-chief, hut he is actively assisted by a general staff 
(with a field-marshal for chief and a general or lieutenant-general 
for vice-clnef), the War Office, and a bcxuxl of field-marshals. In 
addition to tlie transaelion of general business, tlie general staff 
BUjicmscs the survey, trigonometry, cartograpliy, and topography 
departments, and direeta the Anny College. The head of the War 
Ofnoe is a general on the active list, wdio lias ex officio a seat in the 
Cabinet and is not alleeted bv ministerial changes. ^ There is a 
Tokyo Defence Office, under a Iieut-enant-goneral, specially cliarged 
with the defence of Tokyo Bay, and similar duties in regard to the 
other forts are cntnisted to thive major-generals, with headquarters 
resiiectively at Yokohama. Shimonosoki, and Yura. All ({uestions 
conocniiug anna and ammunition are refeiTcd to exiiert committees 
of artillery and engineeiing, and theie is besides a Kemouiit Office. 
For military purposes the whole empire is divided into eastern, 
w^osteni, aiid central disliicts, each nndei the command of a 
general or lieutenaiit-geiieial. 

Arms, —Excepting in tiiiic of w’ai, the JajNincHe are able to make 
all their munitions in the arsenals at Tokyo, Osaka, and Taijieh 
(Fonnosa). The infantry cany the rejicating nfle designed by 
Colonel Arisaka, and the field and horeo artilloiy are at nroHonl 
(now weaiMins, Arisaka pattern, an*, in liaiid) equip)jed W’itli field 
guns (weight about 6 ewts.) and mountain ^ns (weight, 2 cwts.) 
of the same calibre (2 ’966 inches) and firing similar aiynunition, of 
which the common shell weighs about 9^ lb. 

For a full account of the military system under the anden regime 
and furthei details about the existing organization, see undei 
Japan. 

[For Egyptian Anny see EaYrr. For othei Armies see under 
the se])arate headings for each countiy.] 
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AEMOUE. 


I. Body Armour. 

S INCE the publication of the article in the ninth edition of 
this work on “Arms and Armour,” the subject has been 
closely studied by experts, and is better understood generally 
than was the case five-and-twenty years ago. The tendency 
at present is to appreciate beauty of design and excellence 
in workmanship rather than historic interest or sentiment. 



Fio. 1 -Qothir Htyle ol artiionr Monument of Count Utlo IV. von 
HuuiiuIk'Ik 


sought after at all times. Of these, putting aside the 
question of armour known to have ^longed to some 
celebrated man, the suits which are of by far the most 
value are those few which still remain of the 15th century, 
commonly called Gothic suits. These are appreciated not 
only on jccount of their rarity, but because of their 
singular beauty in design and excellence of manufacture. 
A few of these exist in the Tower of London, but the most 
beautiful suit in England is a mounted one in the 
Wallace collection. The monument of Count Otto IV. von 
Henneberg, executed after 1480, furnishes a very good 
exam]>le of 1 5th>contury armour of the highest class. The 


This tendency, which especially exists among Continental 
collectors, may give place some day to a demand for pieces 
which speak more directly of the warrior fighting in the 
field than of the skill of the artificer in the workshop ; but 
the entire value of such pieces depends on their genuine 
character, and this is more difficult to establish in plain 
than in elaborate workmanshi]). Suits of armour which 
embody both skill and sentiment can hardly fail to bo 



Fio 2 —Suit by Jacob Topf, nearly complete ; the gorget does 
nut belong to it. Behiw Is the ploccato. 

photograph from which Fig. 1 v/as reproduced is from the cast 
in the South Kensington Museum. The effigy of Earl 
Richard in Warwick chapel is another beautiful example. 
Of this Mr Starkey Gardner says that it looks like the 
work of nature rather than art Most readers must be 
familiar with another example in Albert Durer’s print of 
‘‘the Knight, Death, and the Devil.” Armour culminated 
as to, completeness, though it lost in beauty, at the end 
of the 15th century, when the so-called Maximilian type 
came in. In this the pointed toe gave place to one of 
extravagant width. Of this armour many fine examples 
exist, as the Tower of London includes several suits 
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which belonged to Heniy VIII, Most high-class armour 
up to this time was made on the Euro})ean Continent ; 
that represented in the Warwick effigy is Italian, 
while the armour of Henry VIII. is chiefly German. 
Fig. 2, however, shows a beautiful suit or half-suit, still 
extant, which belonged to Sir Christopher Hatton, and was 
the work of a celebrated English armourer, Jacob Topf. 
The different classes of armour may be broadly distin- 
guished as follows: — (1) Wa?- iunrmm was seldom com- 
" plete for the rider, and little was used on the horse in 
actual war. On foot, little armour could be worn below 
the knee — Sir Christopher Hatton’s is an example of a 
very handsome suit for a mounted knight in war. (2) 
Tournanimt armxmr . — In the lists, not only would com- 
plete armour be used, but additional pieces of special 
weight. For jousting, the rider required to be quite 
rigid, in order to deliver the impetus of horse and man in 
a sharp blow through the end of the lance, so as to strike 
the adversary out of his saddle, or break the lance. Aim 
was generally taken at the helm (see a paper by Lord 
Dillon in the Archmologicai Jounml), The rider Siit against 
the cantle of the saddle with straight knees and stiiTU])s 
home. Hence the helm in the 1 5th century was a rigid 
steel case resting on the shoulder. In the 1 0th this ivas 
superseded by extra pieces, chiefly one termed the grand 
guard or volant piece, protecting the chest and part of the 
face. (3) For fighting in ilua lista on foot^ the armour 
was eventually carried inside the legs and arms, and under 
the seat, in plates fitting so closely that a j)enknife would 
scarcely find entrance. Of this an admirable example may 
bo seen at the Tower in a suit made for Henry VIII. 

The following exaniiilos of armour may bo specially noted ; — 

Tlie Tower of London. — The above-mentioned suits of Heniy 
VITI., mounted and dismounted, espeuially that made by Conraa 
Seuseuhofer ; also, Leicester's suit ; a Oeriiian tilting saddle in which 
tlic rider sat, or rather stooil, with his legs in sockets ; a few samples 
of jacks or brigandines, consisting of piatc*8 sown to texture, one 
on an Elizabethan archer; also, two long bow staves recovered 
from the Mary Rose sunk at Spithead. 

The WalUme Collection, — ^The Gothic suit above mentioned, and 
many suits possessing their oiigiiial appearance in unusual measure, 
owing to careful jireservation and gentle cleaning. 

Tlkc Rotunda Mueeuin^ IVoolwieh . — Armour left behind in a 
guard-room at Rhodes by the knights on their evacuation in 1522, 
which constitutes the greatest recent “find.” It consists chiefly 
of salades and 15th-century pieces. The Brocas tilting helm, 
unsur]Hissed by any, is also at Woolwich. 

Windsor Castle, — Tilting pieces and armoui about the close of 
the 16th century. 

Wanoick Castle, — Curious old closed chaiiifron. 

Canterbury Cathedral. — Tilting holm, a short sureoat termed a 
jiipon or cyclas, ami gauntlets of the Black Prince , the last are 
])orhaps the earliest extant 

Westminster Abbey, — Saddle and shield of Henry V. In the 
Chapter House is the only known sample of an old English arrow. 
Most of the armour placed over tombs and in churches is 
“inortuaiy,” a.e., made specially for the puiposc and generally 
good for nothing, but some beautiful jiieces have been thus 
deposited 

Armour ceased to be used by combatants generally in the 
17th century, but it has never been entirely given up, and 
has in exceptional cases been used up to the present day. 
The cuirasses worn by heavy cavalry are undoubtedly only 
used for display — the Life Guards left them behind w'heii 
they went on active service to Egypt and South Africa ; 
but helmets are retained for protection against sword 
cuts in hand-to-hand fighting, and it seems unlikely 
that anything can supers^o them. The growing power 
of fire-arms, however, drove out armour. First, it 
was given up for the limbs, and thickened so as to be 
bullet-proof for the breast ; when horsemen engaged hand 
to hand, with pistol and sword, bullet-proof armour must 
continually have saved life. Breastplates of the 17th 
century frequently have indentations made by bullets. 
Some of these are no doubt proof marks, but by no means 
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all. One jmir of plates at Dover Castle has three bullet 
marks. In the siege of Athlone in 1691, complete armour 
was worn by a special body of men. Very heavy helmets 
and bock plates wore worn by sappers. A picture of the 
siege of Rome in 1848 shows a sajiper in a special helmet 
worn for protection under fire. Hard steel breastplates 
were produced by Dowe, Maxim, and others in 
1894. They stopped modern bullets, but weighed over 
ten pounds, which is too heavy for wear. Still, portable 
shields might be used in siege w'orks, and steel shields are 
employed on gun-carriages and mountings. Against sword 
cuts, especially the sharp draw-cuts ol an Eastern blade, 
mail is an efficient jiro tec turn. Dervish warriors wore 
mail in the battle of Omdurman in 1 898. Mail has been 
recently applied to the shouldei-s of the British cavalry, and 
one incident showing the value of mail may be recorded. 
In Egypt in 1885 an officer’s wife purchased a patch of 
chain mail, which she insisted in sewing inside the breast 
of the uniform worn by her husband, a lieutenant of the 
5th Bengal Cavaliy. This regiment was engaged hand to 
hand shortly afterwards, and a spear-thrust aimed at hi.s 
breast W'as stopped by the mail , he came out unharmed, 
with the spear-head broken off and hanging in it. Lastly, 
mail has been specially made of hard steel riiigs for gold 
diggers, and the English detective department possesses such 
mail for wearing, if needed, inside a coat. 

IT. Ships and Fouts. 

The fact that armour for the defence of the soldier’s 
body had failed to resist musket balls, and had gone out 
of use, probably tended to pre\ent its being pioposed and 
tried on a larger scale for the protection of ships and forts. 
Nevertheless experiments w^ere made wuth regard to botli 
in the United States in 1812, 1841, and 1853, and in 
England in 1827 and 1840. In 1855 the French employed 
floating batteries at Kinburn ; and before the end of the 
Pnissian war l>oth Franco and Great Britain had iron -plated 
batteries afloat. The British Warrior and French Gloire 
classes were ordered in 1858, and the I'liited States coast 
vessels, termed monitors, were begun in 1861. The future 
use of armoured ships w^as indeed assured by the havoc 
wrought among unarmoured vessels by the Confederate 
ship AlerrimaCy protected by improinjitu armour made of 
railway iron rails. The application of armour jdates to 
vessels is dealt with under Ship Construction, the object 
of the present article being to trace tlie develojmient of 
the actual armour itself, whether intended for ships, coast 
defences, or inland forts. 

For many years after the introduction of armour neither 
plate nor shot gave jiromise of the jiow^ers since attained. 
The shock of impact shattered or flattened the shot, and 
the harder plates w^re fractured to such an extent that 
wrought iron was adopted. For many years the only 
improvements made consisted in rolling ])lates of increased 
thickness and size, and in employing with them such bolts 
and backing as best enabled them to l>ear attack. Thus 
plates were applied in several thicknesses, sandwiched with 
thin layers of w^ood between them, and the so-called 
“ Palliser English ” bolt was introduced, ingeniously devised 
to avoid nipping and local strain, with a spherical head 
which accommodated itself to any slight dLsplacement of 
the plate. This soft armour encouraged the development 
of hardness rather than toughness of shot ; consequently, 
although steel projectiles held together better Jthan those 
of cast iron, the latter, when made on Palliser’s system 
with points and heads hardened by chilling, jienetrated so 
well that they were largely adopt^ by all Powers, and no 
fundamental change cither in shot or armour took place in 
naval aniiaments till 1876. In 1868, how^ever, an entirely 
new form of armour for land defences had been devised. 
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which, although it has never attracted much attention in 
England, is used almost universally in European coast forts. 
It was proposed and made by Gruson of Magdeburg, and 
consists of massive shields of chilled cast iron, which are 
easily made of any required form. No backing or bolts are 
used, the shield l^ing built up of heavy blocks, if possible 
cast on the spot, which are keyed together, and constitute 
the entire isirapct (see Fig. 3). The metal can be made 



of thickness varying according to the supposed needs of 
each i)art of face or roof, and the breech-loading ordnance, 
at that time existing on the Continent, but not in England, 
allowed the use of shields sloping down forward at the 
gun forts in curves well adapted to cause shot to glance 
otr thorn. 

In British coast forts vertical walls were adopted, 
c»overed with wrought -iron plates, either applied in 
a single thickness, or in successive layers sandwiched 
with wood or concrete (see Fig. 4). Thus British coast 
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armour diffenjd fundamentally from that employed by 
other nations, and this difibrcnce is maintained to the 
pnisent tiAio. These two kinds of coast shields deserve 
attention as furnishing examples of the opposite extremes 
in character, and as justifying the classification of armour 
plates into “ soft and “ hard ” kinds, a distinction which 
must be kept in view in order to understand the power of 
artillery lire, and the behaviour of armour when attacked 


by it. Soft armour plates, such as those of good wrought 
iron, do not break under the impact of shot, but yield by 
perforation. Thus a projectile with sufficient striking 
energy passes through soft armour, making a more or less 
clean hole, but leaving the plate practically as strong as 
before. A shot, however, that fails to perforate, effects 
nothing, lodging harmlessly in the shield. Hard armour, 
on the other hand, of which chilled iron furnishes the most 
extreme example, refuses to yield by perforation, and 
breaks up the shot on imjiact ; but it gradually be<x)mes * 
disintegrated, the whole mass before long parting in frag- 
ments. Hai^ armour offers a complete defence against a 
few rounds from very heavy guns, men and ordnance 
covered by it being entirely protected until their shield is 
destroyed. On this account chilled iron shields have 
been used to protect coast artillery from the few rounds 
that the heavy guns of men-of-war may be expected to 
deliver during an attack of limited duration. Notable 
examples of Gruson’s shields and forts arc tlie 8t Marie 
battery near Antwerp (see Fig. 3), cui)olas at the entrance 
of the Weser near Bremerhaven, and two turrets defending 
Spezia lmrlx)ur, each mounting two 1 19-ton Krupp guns (see 
Fig. 5). The joints shown in this figure indicate that the 
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turret roof is built up of fifteen sector-Bha{)ed pieces and 
two centre plates of semicircular form. Before adoption a 
se(!tor piece was subjected to three blows from projectiles 
fired from an Els\vdck 100 -ton breech -loading gun. A 
fourth nnind indeed was afterwards delivered, as well as 
some rounds from 15 -cm. (5*9 in.) guns. This shield 
was fractured in several directions, but the fragments 
rcmiained in iitu^ and the defen.sive power of the shield was 
probably but little diminished, and would continue until 
some large fragments should become displaced. Soft 
armour, until recently Insst exemplified by wrought iron, 
but now by soft nickel steel, exhibits its capacity most 
fully in inland fortifications, where it may be called upon 
to resist the breaching attack of siege guns of such limited 
weight and ix)wer as not to be able to perforate it com- 
pletely. First-class soft armour might bear such an attack 
for hours and days, or perhaps even for weeks. The 
continued breaching attack of inland forts by siege guns 
of limited weight, and the brief attack of coast shields by 
the very heavy guns of battleships, illustrate the condi- 
tions which bring out most completely the powers of 
soft and hard armour. Between these lie innumerable 
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cases ; for example, the armoured belt of a cruiner and that 
of a battleship. The former is the thinner, and more liable 
to be overmatched by a shot, but a cruiser is not likely to 
be long exposed to attack. The thick belt of a battleship 
is less likely to be overmatched, but the vessel is more 
likely to be kept in continuous close action ; consequently 
the belt of the cruiser might preferably be made harder 
than that of the battleship ; and though such a distinction 
has never been recognized, and may be regarded as a 
• refinement, it may have had influence, especially in re- 
tarding the adoption of nickel in medium armour, noticed 
hereafter. The power of guns to destroy hard and soft 
armour is greatly affected by the fact that the fonner 
requires to be shattered, the latter perforated. So far as 
the shot holds together on impact, shattering depends on 
its striking energy, while perforation deiKjnds directly on 
the energy, but nearly inversely on the calibre of the shot 
and consequent size of hole to be made. Thus fur many 
years a new type 6-inch and an old type 10-inch gun were 
on board the Pettit at Portsmouth. The energy of the 
latter was about double that of the fonner, and its shatter- 
ing power was probably proportionately greater, t.^., about 
double; but its velocity was less, and the perforating 
power of the two projectiles was nearly the same. Thus 
against Gruson’s shields the old heavy gun would deliver 
far the heavier blow, while the new type light gun would 
perforate any ship’s side that was open to the attack of 
the 10-inch gun. 

As noticed al)ove, British coast armour is made of 
wrought iron, and is consequently liable to some evils 
from which Gruson’s chilled iron is free ; that is to say, it 
is conceivable that it might be perfomted, though it is 
made thick enough to make this unlikely. Bolts might 
fly under a heavy blow, and injury might be done by these 
and other pieces of metal, or debris forming what is termed 
“ longridge.” On the other hand, the platl^ ui)on plate or 
sandwich system lends itself to future alterations and 
additions that are impossible with Gruson’s armour, which 
has finality stamped on it, and might become a trouble- 
some hindrance. Every preparation is, in fact, made for 
the addition of extra front plates to the aimour on British 
coast forts, which can be removed, altered, or strengthened 
with the least conceivable labour. The Ixjst armour now 
made is intermediate between hard and soft, but generally 
yields by perforation more than fracture. Steel armour 
plates, although tried from time to time, long proved 
brittle, and gave little promise of success. In October 
1876, however, was commenced at Spezia a series of trials 
which undoubtedly led to the immediate adoption of steel 
in one or another form by the principal Powers. In these 
trials targets representing the proix)8ed belts of the Italian 
battleships Duilio and Dandolo (then under construction) 
were erected. All were made of the same thickness, t.e., 
nearly 22 inches of metal, but diflered in the fact that iron 
and steel were used by different makers. These shields 
were attacked first by 10-inch, and subsequently by 17*72 
inch (100-ton) guns. The lighter projectiles lodged harm- 
lessly in the soft iron, but produced serious cracks and 
fractures in the steel. On the other hand, the enormous 
2000-lb i)rojectiles of the 100-ton gun passed through the 
wrought -iron plates very easily, while the steel plates 
stopped them, though at the cost of their own complete 
destruction. The resisting power of steel was seen to be 
so disproportionate to that of iron that its adoption in 
some form was a mere question of time. In England the 
liability to fracture was thought so objectionable that great 
efforts were made to secure toughness in some form ; and 
the Sheffield makers, Cammell and Brown, brought forward 
what are termed compound or hard-faced plates, each kind 
consisting of a hard steel face cemented to a soft wrought- 
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iron back or foundation. This armour possessed the 
advantage of a harder face than ** all steel ” plates of that 
date, combined with a tenacious back, and was adopted 
and largely made on the Continent ; but long courses of 
competitive trials eventually proved that the “ all steel ” 
plates made by Schneider, and subsequently by other 
makers, were superior to the compound, mainly because 
the soft wrought-iron foundation gave insufficient suj>])ort, 
though in one trial at Slioeburyiuiss when fixed on giaiiite 
a remarkable result was obtained. 

In 1890 important competitive exjjeriments in Bussia 
and America brought out the value of two featurc.s of an 
entirely different character : first, a hard surface, and 
secondly, the ingredient nickel in steel. These are so 
imix)rtant that they deserve to be dealt with separately. 

The steel face of the compound ])latc was, as above 
noticed, harder than that of early “all steel,” but this 
hardness was due to the employment of a front jdate of 
harder steel throughout its mass than was deemed suitable 
for the foundation. Efforts were now made to im|wirt 
excessive hardness to the actual surface or skin of a j)liite 
by the application of water-jets on a system jiroposed by 
Captain Tresidder, who found that water thus projectc'd 
against hot metal came in actual (‘ontact with it, and 
produced a degree of hardness wliich was pi evented in 
ordinary ])lunging by the formation of steam. About the 
same time Harvey in America i)erfected a process of 
carl)onization applied to the front of armour plates. This 
could be extended to some inches in depth, and with it 
was associated an application of water to the face, but of a 
less jierfect kind than on the Tresidder i)lan. It was found 
that a shot w^hich would perforate a j>late with an ordinary 
untreated face might be completely broken and def edited 
by a very hard skin. Successful resistance a]>|>arently de- 
pends on the fracture of the shot point or extreme ti]> on 
first contact. On the fractuie of the ti]>, i>enetration 
becomes much more difficult, while the shot is still laterally 
unsupported, so tliat the latter may break outwards on 
the same principle as an arch may yield latemlly under 
pressure aj»plied to the centre. I^lliser chilled shot indeed 
often broke on ordinary plates so completely that white 
radiating sidashes wxtc made by the minute ^jarticles flying 
across the }date face. At tin* date w’hen Harvey and 
Tresidder plates came in steel projectiles had sui)ersede(l 
those of chilled iron. These steel projectiles had tough 
l)odies, with heads hardened by water or oil, and combined 
the penetration possessed by a haid point with considerable 
power to remain intact, so that steel shot would strike an 
ordinary steel plate at a fairly high velocity, penetrate to 
a considerable depth (perhaps more than a calibre), them 
bound back a long w^ay towwds the firing point, and yet 
suffer such inappreciable deformation or internal injury as 
to be cajmble of being rej^eatedly fired at armour, and of 
rejieatedly behaving in the manner described. 

On faces hardened by the Harvey and Ti-esidder pro- 
cesses, which soon became combined, excellent steel 
lirojectiles not only broke, but became so completely 
disintegrated at times that the white splash mentioned as 
cliaracteristic of the defeat of chilled iron shot was seen ; 
and a very curious device has been adopted to enable the 
shot to hold together, namely, a WTought-iron or steel caj» 
applied to the shot iKiint. It had been discovered acci- 
dentally at Shoeburyness in 1877 that a chilled shot wliich 
was defeated by a certain compound shield would jierforate 
it when an additional plate of wrought-iron inches 
thick was added in front of the shield, the explanation 
being that the additional resistance afforded by this soft 
plate by no means compensated for the fact that the shot 
{loint entered easily, and w^as well sujiported and saved 
from fracture before it encountered the steel. Colonel 
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(then Lieutenant) £ngli»li suggested that a wrought-iron 
cap on the shot point might give the same result This 
did not prove successful with compound plates, but when 
the experiment took place with very much harder, 
but necessarily thin, water-hardened skins in Russia in 
1894, the same device of iron or steel caps was tried with 
success. Similar results have been obtained since in 
America and England, and it is probable that such caps 
may bo used in actual war. Fig. 6 (see Plate) shows the 
l)ack of a plate of Beardmoro's recently attacked. A 
capjMjd sh(it point nearly bored its way through, opening 
the metal in a star-shaped tear at 7. Uncapped shot 
were set up, and acted as punches, partially dislodging 
discs of plate, as seen at 2, 3, and 5. Harveyed armour 
was adopted in Great Britain in 1892. 



Fig. 10. 


In 1890 a Schneider lOJ-inch steel plate, containing ! 
nickel, behaved well at Annapolis under the attack of 
6-inch and 8-inch guns, exhibiting great toughness, and 
nickel was introduced soon afterwards in American armour. 
In England considerable delay took place, because nickel 
plate, till thoroughly understood, apjieared to be capricious 
in its behaviour, and the supply of armour was then being 
pressed forward to meet the demands arising from the 
increa.se in the British Navy. Nickel was, however, adopted 
in 1 896. As above mentioned, nickel used with judgment 
imparts toughness to armour without interfering with face 
hardening. Fig. 7 (see Plate) shows the front of a goixl 
specimen of unhardened 6-inch Krupp nickel plate after 
attack by 12, If), and 17 cm. (4*7, 6*9, and 6*7 inch) 
guns. A fringed lip, characteristic of soft steel, rises up 
round each shot hole, but no cracking is visible ; the pro- 
jectiles have rebounded from their holes owing to the 
elasticity 8f plate and shot. This jilate is the beav, ideal 
of armour for inland forts. Krupp had manufactured 
armour for some little time, but first became known as the 
inventor of a special process at the World’s Fair in Chicago 
in 1893, where he exhibited a plate which had borne 
very severe attack admirably. In 1895 a series of experi- 


ments took place with Krupp process armour, in which 
remarkable results were obtained, the most important being 
that shown in Fig. 8 (see Plate), which depicts the front 
of a plate 11*8 inches thick after attack by three 12-inch 
projectiles. These have broken, leaving their heads 
lodged in the plate without cracking it. The highest 
striking velocity was 1993 feet per second. The shot 
weighed 712*7 tb, and it would have perforated an iron 
plate 25*9 inches thick. The remarkable feature is the 
scale on which this success was achieved; for while a 
12-iuch plate may resist perforation by a 12-inch shot 
nearly as well as a 6-inch plate resists that of a 6-inch 
shot, the strain in the way of fracture greatly increases in 
the thicker plate, for the width of the thick plate is often 
not very much greater than that of the thin one. In these 
trials the 12-inch plate was about 6 feet wide, and the 
6-inch nearly 5 feet, so that while the 6-inch shot head 
formed a wedge little more than one-tenth of the width 
of the plate attacked, the 12-inch plate was attacked 
with a wedge nearly one-sixth of its width. The figure 
indeed shows wliat enormous wedges are driven into the 
plate, and the excellence of metal bearing such a strain 
is apparent. At the end of 1896 the three great Sheffield 
armour-making firm.s. Brown, Cammell, and Vickers, pur- 
chased Krupp’s process. Fig. 9 (see Plate) shows an admir- 
able 6-inch plate submitted by Vickers for trial in March 
1897. This entirely defeated the attack of six 6-inch 
yirojectiles striking with a velocity of about 1960 feet 
|>er second. All the armour at present made for the 
British Navy is practically on the Krujip process, 
although modifications may be introduced by each firm 
Ijased on their own experience. Messrs Beardmore in 
Scotland have recently made armour by a process of 
their own, of about the same quality as Harveyed 
armour. 

Excellent armour-piercing projectiles are made by 
Elswick on the American Wheeler Sterling |)atont, and 
Elswick and Firth have made large deliveries of shot 
on Firminy’s ^latent. Many years ago Whitworth steel 
shot stood first in quality. Iloltzer’s subsequently 
became best known, and have been used so universally 
as to furnish a sort of standard of conqiarison. Krupp 
makes excellent projectiles, so does the firm of St 
Chamond. Gar^ienter shot in America are hardly in- 
ferior to those of Wheeler Sterling, or to a notable shot 
recently made by Johnson. The latter have probably 
obtained the greatest known jKiiietration, but as they 
are generally made solid and fired with caps, comparison 
with others is difficult, in England Hadfields deserve 
special notice as having by special processes developed 
admirable projectiles, and especially as liaving made cast 
steel of a quality rivalling good forged steel. Lastly, the 
Royal Laboratory has also made excellent armour-piercing 
projectiles. 

^fore leaving the subject of the behaviour of armour 
under fire, one or two rough rules of thumb, which are 
based on calculation, may be given. The thickness of 
wrought iron which a projectile may perforate is about 
one calibre for each 1000 feet of striking velocity; that is 
to say, a 6-inch shot with 2000 feet velocity may perfoi'ate 
two calibres or 12 inches of iron, with 1500 feet it may 
jxirforate 9 inches, and so on. The equivalent thickness 
of the best steel plate now known is rather less than half 
that of wrought iron, so that a 6-inch shot will require 
something over 2000 feet velocity to perforate 6 inches of 
treated steel, while 1000 feet velocity will hardly carry it 
thfough 3 inches. 

Attempts have been made to destroy armour by shells 
containing powder and high explosives, but hitherto it 
may be said that unless the projectile gets its head well 
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into the plate before explosion takes place, the effect is 
small. Consequently only those shells whose calibre 
considerably exceeds the thickness of the annour attacked 
can be used with good effect, and the preponderance should 
be greater with high explosives than with powder. In 
consequence of the destructive effect of shells charged with 
melinite and other high explosives on stone or earthworks, 
armoured structures have l^n adopted for inland defences 
on the Continent. These generally take the forms of 
, cupolas and shielded mountings, which may be fixed, 
* disappearing, or even portable. Fig. 1 0 shows a disappear* 
ing shielded mounting. The gun is protected by a steel 
armoured curved roof A, fixed on a central pillar Bd and 
T)K, on which the whole system revolves. The gun is 
shown in action, the weight being held up by a counter- 
weight G at the end of a lever Fh. The gun can bo nin 
back inside the port, and the roof lowered to rest flush 
with the “glacis plate” or “vorpanser” OH. When 
thus taken out of action the gun is hardly open to attack 
of any kind. 

With regard to manufacture, the newest and most inter- 
esting processes depend on delicate methods of treatment, 
whi(*h are carefully kept secret, so that information of a 
g(*neral character only can be given. Wrought iron is 
loriiied from scrap worked into slabs, and piled and rolled 
in so many successive processes that an 8-incli j)late was 
said to have been rolled out of a column nearly 100 
fei't high. »Si)ccially soft fibrous iron was used. It was 
considered not only that great powder of drawing out, but 
of doing so easily was nectjssary, Ijecause some metal, which 
might draw out w^ell slowdy, might tear in preferenc(i under 
a blow. Steel has Ixien used of all descriptions, from 
something closely resembling wrought iron to really hard 
metal. Molecular disjilacemeut occurs round the point of 
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impact, and metal liecomes heaiied up and heated, and 
cracking may take place many minutes after imiuict. In 
Fig. 7 may be noticed round each point ot inqmct a con 
centric circle of lighter shade than the rest of the plate, 
which extends gradually, and has l>een likened to the 
swelling of a black eye. Badly-made plates ha\e l)et>ii 
known to break spontaneously, and steel shot have* done 
the same. Compound armour was made by running 
molten steel on to a white hot foundation j)l}Jte of ioIKmI 
wrought iron on Wilson^s process, or by attaching a thin 
steel fac<i plate to a wrought-irou foundation by running 
molten steel in between them on Kllis’s pro(‘e8S. in the 
Harvey process the face is carbonized by contact with 
carbon at a high temperature, kept up for several days, the 
face being finally w^ater-liardened. There is some difliculty 
in bringing such plates to the exact curv(» required for the 
ship's side, because face hardening causes contortion. H 
is possible to flatten a plate slightly by compressing tlie 
hard face, but not to liend it further by stretching it 
Until recently, armour under b inches thick could not be 
Harveyed, because contortion could not be controlled In 
the Krup]> process carbonization may be produced by the 
action of gas, but not necessarily so. Some of tlio stages 
of manufacture require much experience, so tluit great 
ex])euse and waste of material are ajU to lie irn(»l\ed in 
! first adopting the process, especially with thick plates. It 
is said that in this jirocess metal is at times used which 
would be expected to prove brittle, but which, after being 
subjected to treatment that would be likely to rendei it 
still worse, is eventually made very tough. Uj) to the 
I present it has probably owed some ot its qualities to the 
presence of nickel. It has been said that nickel w^ould be 
dispensed with, but such reports have hitherto been contra- 
dicted. (c. O.-B ) 


Armstrongfi William Qaorsre Arm- 
Strongfi Baron (1810-1900), British inventor and 
founder of the Elswick manufacturing works, was born 
on 26 th November 1810, at Newcastle -on -Tyne, and 
w’as educated at a school in Bishop Auckland. The 
)uofession which he adopted was that of a solicitor, 
and for a number of years he was engaged in active 
practice in Newcastle as a member of the firm of Donkin, 
Stable, & Armstrong. His symimthies, hiiwever, were 
always with mechanical and scientific pin suits, and several 
of Ills inventions date from a time anterior to his final 
abandonment of the law. In 1840 he published a iw-xier 
on the electricity of effluent steam. This subject he 
was led to study by the experience of a colliery engiiieiiian, 
wdio noticed that he received a sharp shock on exposing 
one hand to a jet of steam issuing from a boiler with 
which his other hand w’as in contact, and the incpiiry was 
followed by the invention of the “ hydro-electric ” machine, 
a xjowerful generator of electricity, which was thought 
worthy of careful investigation by Faraday. The question 
of the utilization of water-power had engaged his atten- 
tion even earlier, and in 1 838 he made his first contribu- 
tion to hydraulic engineering by inventing a rotary water 
motor. Soon afterwards he designed a hydraulic crane, 
which contained the germ of all the hydraulic machinery 
for which he and Elswick were subseciuently to become 
famous. This machine depended simply on the pressure of 
water acting directly in a cylinder on a piston, which was 
connected with suitable multiplying gear. In the first 
example, which was erected on the quay at Newcastle in 
1846, the necessary pressure was obtained from the ordi- 
nary water mains of the tovrn ; but the merits and advan- 


tages of the device soon became widely ai>preciatpd, and a 
demand arose for the erection of cranes in jiositions ^\liere 
the pressure afforded by thi? mams was insufficient. Of cour.se 
pressure could always be obtained by the aid of special 
reservoirs, but to build these was not always desirable, or 
even practicable. The first way in which Armstrong 
attemi^ted to meet the difficulty was by the use of an air 
vessel, but this did not prove veiy satisfactory in the few 
cases in 'which it was tried. Hence, when in 1850 a 
hydraulic installation was required for a new feriy station 
at New Holland, on the Humber estuary, the absence of 
water mains of any kind, coupled with the prohibitive cost 
of a B|)ecial reservoir ow’uig to the character of the soil, 
impelled him to invent a fresh piece of apparatus, the 
“ accumulator,” which consists of a large cylinder contain- 
ing a piston that can lx? loaded to give any desired pressure, 
the water being pumjied m below it by a steam-engine or 
other jirime mover. This simple device may be looked 
upon as the crowui of the hydraulic system, since by its 
various modifications tin* installation of hydraulic power 
became possible in almost any situation. In particular, it 
was rendered jiracticable on board ship, and its apjAica- 
tion to the manipulation of heavy naval guns and other 
purposes oii warships was not the least important of 
Armstrong^s achievements. 

The Elsw^ick works were originally founded for the 
manufactui'e of this hydraulic machinery, but it not 
long before they became the birthplace of a revolution in 
guninaking; indeed, could nothing more be placed to 
Armstrong’s credit than their establishment, his name 
would still be worthy of remembrance, for they have con- 
tributed enormously to the progress of the world in the 
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mechanical arts, both of war and of ])cace. Modern artillery 
dates from about 1856, when Armstrong's first gun nmde 
its appearance. Of this weapon it may be afiirmed that it 
embodied all the essential features which distinguish the 
ordnance of to-day from the cannon of the Middle Ages — ‘ 
it was built up of lings of metal shrunk upon an inner 
steel l»arreJ; it was k>aded at the breech; it was rifled; and 
it threw, ncjt a round ball, but an elongated projectile with 
ogival liead. Jhg guns, as Armstrong found them, were 
really nothing more than blocks of metal bored with a 
ciiciilar hole, their makers generally working on the i 
asHumption that their strength was projiortionate to the i 
tluekiu'ss ol the w^lls of the tube. But he saw tliat the 
gre.iti'st resistance to bursting was not to be obtained 
trom a given weight of metal in this fashion, since the 
inner jiortions of the material composing a cylinder, which 
IS snbje(!ted to high internal pressure, may be strained be- 
yond the bursting-point before the outer ones have reached 
it. lienee he adojited tlie “shrinkage*’ principle of 
construetion. Starting with a steel tube to form the 
baiTi‘1, lie made a homogeneous cylindrical jacket by 
winding a bar of wrought-iron round a mandril slightly 
smaller than the barrel, and welding the turns together. 
Tins, when cold, was naturally t(x> small to jiass over the 
barrel , it could, however, be slijiped on if expanded by 
heat, and, if it were then alloweil to c<X)l, its contraction 
l»rought about a comb lion of compression in the metal 
forming the inner layers of the gun, together with one of 
tension in those coni] losing the outer ones, wliich theory 
indicated would oiler the most advantageous disjiosition 
,of mental as riigards resistance to bursting. The guns 
Arujstrong constructed on this principle yielded 
.jitich excellent results, both in range and accuracy, that 
they were adopted by the British Government in 1859, he 
himself 1 icing a]ipointed Kiigineer of lUfled Ordnance and 
feceivmg the lioiumr of knighthood. Great Britain thus 
originated a principle of gun construction which has since 
b('cn universal ly followixl, and obtained an armament 
superior to that possessed by any other country at that 
time. But wdiile there was no doubt as to the shooting 
capiuiities of these guns, d(*fects in the breech mechanism 
soon became eijually ] latent, and in a few years caused 
a revel sioQ to niuxzle- loading. Armstrong resigned his 
position in 186i!i, and lor seventeen years the Govenmieut’s 
('Xpt»rt advisers remained laitliful to tb(‘ olcler method of 
loatbng, rel using to see the imjirovements which exjieri- 
ment and research at Klswick and elsewhere liad during 
that period produced in the m(*chaiiism and performance of 
lu'avy guns But at last Armstrong s results became too 
good to be ignored , and the official eye being no longer 
able to 111 ink the fact that his long breech-loaders 
possessed adxantages unobtainable with the obsolete tyjie 
of uiuzzle-loailers, breech-loading guns were n'ceived back 
into tin* service in 1880. Jt should be mentioned that the 
use ot .steel w'lre for the construction of guns wus also one 
of Annst lung’s early ideas. He ]it‘rceived that to coil 
many turns ol thin wiie round an inner barrel was a 
logical extension of the laige hooped method already 
mentioned, and in eonj unction with Brunei, the eiigiiiet'r, 
was preparing to jiut thi‘ jilan to practical test when the 
discov**ry tliat it luul already been jiatented wmsed him to 
aba IK Ion liis intention for many years. This incident well 
illiistiates the ground of his objection to the British 
.‘System of jiatent law, which he looked ujiou as calculated 
to stifle iiivcuition and impede progress ; tlie patentees in 
this civso did not maimgc to make a practical succc.ss of their 
invention themselves, but the existence of prior patents was 
sufficient to turn liim aside from a path which conducted him 
t<i v'aliiable results, when afterwards, owing to the exjiiry of 
those imtents, he was free to pursue it as he jileased. 


Lord Armstrong, who was raised to the peerage in 
1887, was the autW of A Visit to Egypt (1873) and 
Electric Movement in Air and Water (1897), besides many 
profesrional papers. He died on 27th December 1900, at 
Hothbury, Northumberland. (h. m. r.) 

ArnhSin, the chief town of the province of 
Gelderland, Netherlands, 9 miles N. by K of 
Nimeguen. Population, 31,626 in 1870, 56,812 in 1900. 
This increase is due to the beautiful situation of the 
town on the slope of the Veluwe Hills, its proximity 
to the fertile Betuwe district, the meeting of the Rhine 
and Ysel near the town, and its flourishing markets and 
shipping. A new Roman C’atholic Church was founded 
in 1894 ; in 1880 a building to contain the archives was 
erected, and in 1893 an hospital. The large assembly 
hall {Musis Sacrmi) was rebuilt in 1889, and the ^works 
in 1892-93. A wharf for building and restoring iron 
steamers was constructed on the Rhine in 1889. 

Arnimi Harry Karl Kurt Eduard 
VOrii Count (1824-1881), German diplomatist, was a 
member of one of the most numerous and most widely 
spread families of the Prussian nobility. He was born in 
Pomerania on the 3rd of October 1824, and brought 
up by his uncle Henry von Arnim, who was Piussian 
ambassador at Paris and foreign minister from March 
to June 1848, while Count Arnim of Boytzeiiburg, 
whose daughter Harry von Arnim afterwards married, 
was minister -president. It is noticeable that the uncle 
was brought before a court of justice and fined for 
publishing a pamphlet directed against the ministry of 
Manteuffel. After holding other posts in the diplomatic 
service Arnim was in 1864 apjiointed Prussian envoy, and 
in 1867 envoy of the North Geimm Confederation at the 
Pajial Court. In 1869 he proposed that the Governments 
should appoint representatives to be present at the Vatican 
Congress, a suggestion which was rejected by Bismarck, 
and foretold that the promulgation of papal infallibility 
would bring serious political difficulties. After the recall 
of the French troops from Rome he attempted unsuccess- 
fully to mediate between the pope and the Italian Govern- 
ment. He was a})pointed in 1871 Gienuan commissioner 
to arrange the final treaty with France, a task which he 
carried out witli such success that in 1871 he was appointed 
German envoy at Pans, and in 1872 received his definite 
appointment as ambassador, a post of the greatest difficulty 
and responsibility. Differences soon arose between him and 
Bismarck ; he wished to suiiport the Monarchical party 
which was trying to overthrow Thiers, while Bismarck 
ordered him to stand aloof from all French parties ; he did 
not give that implicit obedience to his instructions which 
Bismarck reijuired. Bismarck, however, was unable to re- 
call him b(^cause of the great influence which he enjoyed 
at court and the confidence which the emjieror placed in 
him. He was looked upon by the Conservative party, who 
were trying to overthrow Bismarck, as his sucicessor, and 
it is said that he was closely connected with the court 
intrigues against the chancellor. In the beginning of 
1874 he was recalled and appointed to the embassy at 
Constantinople, but this appointment was immediately 
revoked. A Vienna newspaper published some corro- 
8]ioudeuce on the Vatican council including confidential 
despatches of Arnim’s, with the object of showing that he 
, had shown greater foresight than Bismarck. It was then 
found that a considerable number of papers were missing 
from the Paris embassy, and on 4th October Armm was 
arrested on the charge of embezzling state papers. This 
recourse to the criminal law against a man of his rank, 
who had hold one of the most important diplomatic posts, 
cruised great astonishment. His defence was that the 



A It N 

papers were not official, and he was acquitted on the charge 
of embezzlement but convicted of undue delay in restoring 
official papers and condemned to three months’ imprison- 
ment. On appeal the sentence was increased to nine 
months. Arnim avoided imprisonment by leaving the 
country, and in 1875 published anonymously a pamphlet 
entitled “Pro Nihilo,” in which he attempted to show 
that the attack on him was caustnl by Bismarck’s personal 
jealousy. For this he was accused of treason, insult to 
the emi>eror, and libelling Bismarck, and in his absence 
condemned to five years’ iienal servitude. From his exile 
in Austria ho published two more pamphlets on the 
ecclesiastical i)olicy of Pnissia, “ Der Nuntius Kommt,” 
and “ Quid faciamus nos ? ” He made n‘j)eated attempts, 
which were supported by his family, to be allowed to 
return to Germany in order to take his trial afresh on the 
charge of treason ; his request had just been granted when 
he died on the 19th of May 1881. 

In 1876 Bismarck carried an amendment to the criminal 
code making it an offence punishable with im]jrisoumeui 
or a fine up to £250 for an official of the Foreign Office 
to communicate to others official documents, or for an 
envoy to act contrary to his instructions. These clauses 
are commonly spoken of in Germany as the “Ainim 
])aragraphB.” (j. w. hk) 

Arnold, Sir Edwin, (1832 ), British 

orientalist, and man of letters, was born on 10th June 1H32 
and educated at King’s College, London, and University 
College, Oxford, where in 18.52 he gained the Newdigate 
prize for a poem on l^elshazzar’s Feast. Jb‘ spent some 
years in India as jirincipal of the (lovcrnment Sanscrit 
College, Poona, and iq^on his return in 18(»1 became 
connected with the Datly Tahymph news]»a]»er, upon 
whose editorial staff he has ever since held an imporUint 
position. lie is noverthehjss best known for his tnivels 
in India and Jaiian, and his endeavours to introduce 
Eastern thought to Europeans by a succession of works in 
]n*ose and verse on Oriental subjects, both original and 
translated. The best known of these, The hnjht of Asia^ 
ail epical iioem on the life and teaching of Buddha, entirely 
<kM’ived from native sources, has gone through more than 
sixty English and eighty American editions since its first 
publication in 1879. His other prineijjal volumes of 
poetry art* With Sa^di in the Garden^ The Light of the 
Worldy Potiphar^s Wife, Adzunui, In 1877, on the pro- 
clamation of Queen Victoria as Kmpiess of India, the 
Companionship of the Star of India was conferred uj>on 
liim; and in 1888 he was created K.C.J.E. 

Arnold, Matthew (1822-1888), English piH't, 

literary critic, and inspector of schools, was born at Lale- 
ham, near Staines, 24tli December 1822. When it is said 
tJjat he was the son of the famous Dr Arnold of Rugby, 
and that Winchester, Rugby, and Balliol College, Oxford, 
contributed their liest towards his education, it seems 
siqKirfluous t(j add that, in estimating Matthew Arnold 
and his work, training no less than original endowment 
has to \yo considered. A full academic training has its 
iUsadvantages as well as its gains. In the individual no 
less than in the sjjecies the history of man’s develojunent 
Is the history of the struggle l>etween the impulse to ex- 
press original personal force and the impulse to make 
that force bow to the authority of custom. Where in any 
individual the first of these inqmlses is stronger than 
usual, a complete academic training is a gain; l»ut where 
the second of these impulses is the doiniiuint one, the 
effect of the academic habit upon the iiiiml at its most 
sensitive and most plastic jieriod is apt to be crippling. 
In regard to Matthew Arnold, it would be a bold critic ol 
his life and his writings who should attempt to t-ixy what 
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his work would have been if his training ha<.l lx*en dilferent. 
In his judgments on Goethe, Wordsworth. Byron, Sludley, 
and Hugo, it may Ix) sc‘en how strong ^^a.s liis inqmlse 
to bow to authority. On the other hand, in Arnold's 
ingenious reasoning away the eoncei)tion of IVovidenec* to 
“a stream of temdeney not ourselves which naikt*.N tor 
righteousness,’* we sec* how strong was his natural impulse 
for taking original vi(*ws. The fact that the very an 
Arnold breathed during the whole of the inqiressionable 
^leriod of his life \vas acadeinie is th**refore a very im- 
jiortant fact to Ixar in mind. 

In one of his f>wn most <*harining critical essays he con 
trasts the iK)etry of Heuner, A\hi(‘h cnnMsts of “natuial 
thoughts in natural \vord<,'‘ with tJie i) 0 (*tiy of Tennyson, 
which consists of “distillt*d thought^ in distilled words.’ 
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{From ajiliotoqtaph J Ihott (ind I ru, Imvinn ) 

“ Distilled ” is one of tin happiest woids to In* tound in 
jK)etical criticism, and it may lie used with efpial aptitude 
in the criticism of litu. 1V> most ]>eople the waters of hie 
come with all their natural qualities — sweet or bit lei -- 
undistilled. Only tbe ordinary cfuiditions of cn ilization, 
common to all, flavoured tlu* >\.iteisnt Jile to Shak(*speare, 
to Cervantes, to Burns, to Scott, U» Ihinias, and tliose 
other great creators wliosi* minds wi*ie iiiirnns — bix)ad 
and cletir — for reflecting the ru*h tlrama oi lile around 
them. To Arnold the AAaters of life eaine distilled so care- 
fully that the wonder is Unit he liad any originality lett 
A member of the njipei stratum ot that “middle class” 
which he des])ised, or ])n*teiided to desjnsi* — the eldest sun 
of one of the most accoiiijJisheil as well as one of tlie most 
noble-temjaTcd men of his time — Arnold from the moment 
of his birth drank the hnf*st diMilltd waters that laii be 
drunk even in these days I’lTliaps, on tlu* ^^]lole, the 
surprising thing is how little he suttered tlu'ieby. Indeed 
those who had formed an hum ol Arnohl's ]»ersonality 
from their knowledge of his ‘•culture,’’ and es^iecially 
those who had been delighted liy the fastidious and 
feminine delicacy m 1 his ]»iosc style, used to be quite 
lK»wildered wlien ioi the lirst time tliey met him at a 
dinner-table or in a trieiMl’s smoking-room. Wis plo^e 
W'as so self-conseious th.it w'hat ]'i‘ople e\]M'cted to find in 
the writer was the Arnold as Ju* was c(aieeived by certain 
“young lions” of journalLsin wJiom lie satirized — a some- 
what over-cuJtiired petit mnifre — almost, iiuh‘ed, a coxcomb 
of letters. On the otluT liand, those who had be« n 
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captured by his poetry cxfiected to find a man whose 
sensitive organism respontled nervously to every uttered 
word as an i^]olian harp answers to the faintest breeze. 
What they found was a broad-shouldered, manly — almost 
burly — Englishman with a fine countenance, bronzed by 
the oixjn air of England, wrinkled apparently by the sun, 
wind-worn as an English skipiHjr’s, open and frank as a 
ff>x-hunting scjuire’s — and yet a countenance whose finely 
chiselled features wt»re as high-bred and as commanding 
as Wellington's or Sir Charles Naj)ier*s. The voice they 
heard was deejj-toned, fearless, rich, and frank, and yet 
modulated to express every nuanre of thought, every 
nK>vement of omoti<m and humour. In his prose essays the 
humour he showed was of a somewhat thin-lipped kind ; 
in Ills more important poems he showed none at all. It was 
hf‘r(*, in this matter of humour, that Arnold’s writings were 
s|>ecially misleading os to the ]Kir8onality of the man. 
.1 utlged from his poems, it was not with a poet like the 
wiiter of “The Northern Farmer,” or a poet like the 
wnt(T of “ Ned Bratts,” that any student of jioclry would 
liave dreamed of classing him. Such a student would 
actually have lieen more likely to class him with tvro 
of his contem]X)raries lietween whom and himself there 
were but few points in common, the “humourless” 
William Morris and the “humourless” Rossetti. For, 
singularly enough, Iwtween him and them there was this 
one jK)int of resemblance • while all three were richly 
endowed with humour, while all three were the very 
lights of the sets in which they moved, the moment they 
took pen in hand to write jioetry they liocaine sad. It 
would almost seem as if, like Rossetti, Arnold actually 
held that prietry was not the proper medium for humour. 
No wonder, then, if the abstmee of humour in his ixietry 
did much to mislead the student of his work os to the 
real character of the man. 

After a year at Winchester, Matthew Arnold entered 
Rugby School in 1837. He early began to write and 
jirint verses. His first publication was a Rugby prize 
]KK*m, Alarir at }i<nru\ in 1840, This was followed in 
1843, after he had gone up to Oxford in 1840 as a 
scholar of Balliol, l>y his ))oein Croniwdl^ w'hich won the 
Ni'wdigate ])rize. In 1844 he graduated with seeond- 
I'lass honours, and in 1 845 was elcctt'd a fellow of Oriel 
( ’ollcge, where among his colleagues was A. H. (fiough, his 
friendship with whom is commemorated in tliai exijuisite 
elegy IViyrna, From 1847 t(» 1851 he acted as jirivate 
si'cretary to Lord Lansdowne , and in the latter year, 
after acting for a short time as a.ssiRtaut- master at 
Rugby, he was apjiointed to an Inspectorship of Schools, 
a post wliich he retained until two years before his death. 
He married, in June 1851, the daughto of Mr Justice 
Wightman. Meanwhile, in 1818, appeared The Strayed 
Beveller^ and other hy A, a volume which gained 

a considerable esoteric ro])utation. In 1852 he pub- 
lished another volume under the same initial, Einj^doclen 
on Etna — as undramatie a poem, jicrhaps, as was ever 
written in dramatic form, but studded with lyrical licauties 
of a vi‘ry high order. Other poems accomiiaiiied this. 
In 1853 Arnold published a volume under his own name. 
This consisted partially of poems selected from the two 
previous volumes. A second scries of poems was pub- 
lished in 1855. So great was the impression made by 
these in academic circles that in 1857 Arnold was elected 
professor nf ]>oetrv at Oxford, and he held the chair for 
ten years In 1858 he published his classical tragedy, 
Merope. Nine yi'ars afterwards his New Poern^ were 
jmblished. Whili‘ lie held the Oxford professorship he 
published aevond series of lectures, which gave him a high 
place as a scholar and critic. The essays On Tranulatiny 
II inner ^ published in 1861, and On the Study of Celtic 
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Literature^ published in 1867, were full of subtle and 
brilliant if not of profound criticism. So were the two 
series of Euays in Criticisniy the first of which appeared 
in 1865, and the second, edited by Lord Coleridge, in 
1888. His jxietic activity almost ceased after he left the 
chair of poetry at Oxford. He was several times sent by 
Government to make inquiries into the state of education 
in France, Germany, Holland, and other countries; and 
his reixirts, with their thorough - going and searching 
criticism of Continental methods, as contrasted with . 
English methods, showed how conscientiously he had 
devoted some of his best energies to the work.’ In 1883 

^ The following appreciation of Amold’a educational work is 
kindly contributed by Sir Joaliua Fitch, one of his colleagues in the 
Education Office : — 

The fame of Matthew Arnold as a poet and a literary critic has some- 
wliat overshadowed the fact that he was during thirty-five years of his- 
life-— from 1851 to 1886 — employed in the Education Department os 
one of H.M. Inspectors of Schools. His literary work was achieved in 
such intervals of leisure as could be spared from the public service. At 
the time of his appointment the Government, by arrangement with the 
religious bodies, entrusted the inspection of schools connected witli t)ie 
Church of England to clergymen, and agreed also to send Roman 
Catholic inspectors to schools managed by members of that communion 
Other schools — those of the British and Foreign Society, theWeslcyans, 
and undenominational schools generally — were inspected by Iftymen, of 
whom Arnold was one. There were only three or four of these officers 
at first, and their districts were necessarily large. It is to the exj»en- 
ence gained in intercourse with Nonconformist school managers that 
we may attribute the curiously intimate knowledge of religious sects 
which furnished the material for some of his keen though good-hum 
cured sarcasms. The Education Act of 1870, which simplified the 
administrative system, abolished denominational inspection, and llius 
greatly reduced the area aasigned to a single inspector. Arnold took 
charge of the district of Westminster, and remained in that office until 
Ills resignation, taking also an occasional share in the inspection of 
training colleges for teachers, and in conferences at the central office. 
His letters, paasivi^ show that some of the routine which devolved 
upon him was distasteful, and that he was glad to entrust to a skilled 
assistant much of the duty of individual examination and the making 
up of schedules and returns. But the iiiffucnce he exerted on schools, 
oil the Department, and on the primary education of the whole coun 
try, was indirec’tly far greater than is generally supposed. His annual 
reports, of which more than twenty were collected into a volume 
by his fnend and official chief, Sir Francis (afterwards Lonl) 
Saiidford, attracted, by reason of their freshness of style and thought, 
much more of juiblic attention than is usually accorded to Blue- 
book litorature ; and his high aims, and his syinpathetic appreciation of 
the efforts and difficulties of the teachers, had a remarkable effect in 
raising the tone of elementary education, and in indicating the way to 
imijrovemcnt. In particular, he insisted on the formative elements of 
school education, on literature and the “ hnmazatios,” as distinguished 
from the collection of scraps of information and “ useful knowledge . 
.and he sought to impress all the young teachers with the necessity of 
broader mental cultivation than was absolutely required to obtain 
the Government certificate. In his reports also he dwelt often and 
forcibly on the place which the study of the Bible, not the distinctix e 
formularies of the churches, ought to hold iu English schools, lie 
urged that besides the religious and moral purpose of Scriptural teach- 
ing, it had a literary value of its own, and was the hest instrument 
m the hands even of the elementary teacher for uplifting the soul ainl 
refining and enlarging the thoughts of young children. 

On three occasions Arnold was asked to assist the Government by 
making special inquiries into the state of education in foreign coun- 
tries. These duties were especially welcome to him, seri'ing as they 
did as a relief from the rnoiiotoiiy of school inspection at home, and 
08 opjMirtuiiities for taking a wider survey of the whole subject of 
education, and for expressing his views on principles and national 
aims as well as administrative details. In 1 859 he prepared for the 
Duke of Newcastle's Commission a report which was afterwards re- 
printed in a volume entitled Popu/ar Education in France^ with Notea 
of that qf Holland and 8%oitixrlaniL In 1865 he was again employed 
as assistont-commissioner by the Schools Inquiry Commission under 
Lord Taunton ; and his report on this subject was subsequently re- 
printed under the title ^hnoU and VniveraiHea on the Continent. 
Twenty years latcf he was sent by the Education Department to make 
special inquiries on certain specified points — e,g. free education, the 
status and training of teachers, and compulsory attendance at schools. 
The*result of this investigation appeared as a parliamentary paper in 
1886. He also contributed the chapter on **^hool8” to the second 
volume of Mr Humphry Ward’s Heign of Queen Victoria. 

All these reports form substantial contributions to the history and 
literature of education in the Victorian age. They have been quoted 
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a pensiou of £250 was conferred on him in recognition of 
his literary merits. In tlie same yciar he went to the 
United States on a lecturing tour, and a^in in 1886, his 
subjects being “Emerson” and the “ Principles and Value of 
Numbers.” The success of these lectures, thougli they were 
admirable in matter and form, was marred by the lecturer's 
lack of experience in delivery. It is sufficient, further, t*) 
say that Culture and Anarchy apfieared in 1869; Ht l\uil 
and ProteBtantism^ 1870; Frieufhhip’s GarlamL^ 1871 ; 
Literature and Dogrm^ 1873; God and the Bihle^ 1875 , 
Last Eseaye on Church and Rehellum^ 1877; Mix ed Essayn^ 
1879 ; Irish Essay 1882 ; and Discourses on America^ 
1885. Such essays as the first of these, emlx)dying 
as they did Arnold's views of theological and polemical 
subjects, attracted much attention at the time of their 
publication, owing to the state of the intellectual atmo- 
sphere at the moment ; but it is doubtful, perhaps, whether 
they will be greatly considered in the near future. Many 
severe things have been said, and will be said, concerning 
the inadequacy of poets like Coleridge and Wordsworth 
when confronting subjects of a theological or philosojffiical 
kind. Wordsworth’s High (,%urch Pantheism and Cole- 
ridge’s disquisitions on the Logos seem farther removed 
from the speculations of to-day than do the dreams of 
Lucretius. But these two great writers lived before the 
days of modern science. Arnold, living only a few years 
later, came at a transition jicriod when the winds ol 
tyrannous knowledge had blown off the protecting roof 
that had covered the centuries before, but when time and 
much labour wei’e needed to build another roof of new 
materials — a period when it was imiiossible for the poet 
to enjoy either the quietism of High Church Pantheism 
in which Wordsworth had basked, or the sheltering i»ro- 
tecjtion of German metaphysics under which Coleridge had 
preached — a |)eriod, nevertheless, whSn the wonderful reve- 
lations of science were still too raw, too cold and hard, to 
satisfy the yearnings of the poetic soul. Objectionable as 
Arnold’s rationaliasing criticism was to conternporai y ortho- 
doxy, and questionable as was his equipment in point of 
theological learning, his spirituality of outlook and ethical 
purpose were not to be denied. Yet it is not Arnold’s 
views that have become current coin so much as his literary 
phriises — his craving for “culture” and “sweetness an<l 
light,” his contempt for “ the dissidence of Dissent and the 
Protestantism of the Protestant religion,” his “ stream ot 
tendency not ourselves making for righteousness,” his 
classification of “ Philistines and barliarians ” — and so forth. 
His death, at Liverpool, of heart failure, 15th Aj»ril 1888, 
was sudden and quite iinexpc<*ted, 

Arnold was a prominent figure in that great galaxy of 
Victorian poets who were working simultaneously — Tenny- 
son, Browning, Itossetti, William Morris and Mr Swin 
burne — jioets between Avhom thert^ was at least this con- 
necting link, that the quest of all of them was the old- 
fashioned poetical quest of the lieautiful. Beauty was 
their watchword, as it had been the >>atchword of their 


aud have oxeruisod marked lutlueui'c un 8ubse(iuout chauges 
and controversies. One groat purpose underlies them all. It is to 
bring bonie to the Knglish people a convu'tiou iliat education ought 
to be a national concern, that it should not be left entirely to local, 
■or private, or irresponsible initiative, that the watcliful jealousy so 
long shown by Liberals, and especially by Nonconforniists, in regard 
to State action was a grave practical mistake, and that in an enlight- 
ened democracy, animated by a progressive spirit aud noble and 
generous ideals, it was the part of wisdom to invoke the collective 
power of the State to give effect to those ideals. To this theme he 
constantly recurred in his essays, articles, and official reports, “ Porro 
nnum esf necessariim. One thing is needful ; organize your secondary 
education.” This is an object not yet fully attained ; but the influ- 
ence of his stimulating appeals to the intelligence and conscience of 
his countrymen, and the practical value of many of his detailed sug- 
gestions, are likely to lie more and more fhlly recognized. 
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immediate prodeceaRors — Wordsworth, (.’okiidgo, Kents, 
Shelley, and Byron. That this grouj) i»f early 19th 
century poets might be divided into two — those whose 
primary quest was jibysical beauty, and tlu>so whose 
primary quest was moral beauty — is no doubt tiue. Still, 
in so far as beauty was their i|ueRt they ^\ere all akin 
And so 'with the Victm-ian groui» to which Arnohl 
belonged. As to tlie position which he takes among them 
opinions must necessarily vary On the whole, our opinion 
is that his place in the group an ill 1k.‘ 1m?1ow all tlie 
others. The question as to Avhether he was primarily a 
}joc‘t or a prosateur has lieeii often asked. If Ave wen' 
to try to answer that question here, we should haAx* to 
examine his poetry in detail — we should have to inquire 
whether his primary im])ulse of expression was to seize* 
upon the innate suggestive power of words, or whether 
his primary impulse w^as to rely upon the logical powder ol 
the sentence. In nobility of temper, in clearness of state- 
ment, and especially in descrijitiAx* poNA^er, he is beyond 
praise. But intellect, judgment, cultiin*, and study ol 
great iKiets may do much tow^ards enabling a prose-writer 
to write what must needs be called good ]K»etry. What 
they cannot enable him to do is to jirriduce those nuigical 
effects Avhich poets of the rarer kind can arhii've by seizing 
that mysterious, suggestive pow'ei of Avords Avhirh is far 
beyond all mere statement. Notwithstanding the exquisite 
work that Arnold lias left liehind him, some critics have 
come to the conclusion that his ]>rimary impulse in exi>rcs 
sion was that of the poetical ly-minded prosntmr ratliei 
than tliat of the born jioct. And this lias been said by 
some who nevertheless deeply admire poems like “Thi 
Scholar Gypsy,” “Thyrsis,” “The Forsaken ^Merman," 
“Dover Beach,” “Heine’s Grave,” “Bugby ChaiKil,” “Thi* 
Grande Cliartreuse,” “Sohral) and llustum,” “The Sick 
King in Bokhara,” “Tristram and Jwult,” &v. We need 
not go nearly so far as that. But it w'ould seem that a 
man may show* all the endowments of a ptx*t save one, 
and that one the most essential- tin* instinctiAc mastery 
over metrical effects. 

In all literary expression thcie an* tAvo kinds of em- 
phasis, the emphasis of .sound and the cnipiia?>iv of sense. 
Indeed the difference lietween those Avho have and those 
Avho have not the true rhythmic instinct is tJiat, Avhile tin* 
former have the innate; faculty of making the eiiijdiasis of 
sound and the emiihasis of sense meet and strengthen (‘acli 
other, the latter are without that faculty. Hut so imper- 
fect is the human mind that it can larely ai>prehcnd or 
grasp simultaneously tla'si* two kinds i»f em])hasis. While 
to the lK»rn prosait'Kr tlu* em]»hasis of &eiise comes first, .iiid 
refust*,s to Ik* nic)n* than partially conditioned by the em- 
phasis of sound, to th(‘ l)orn poet the emphasis of .sound 
comes first, and sometimes amII, catii as in the case of 
Shelley, reA olt against the tyranny of the ('iiqihasis of sense. 
Perhaps the very ririgin of the old quantitatiA^e metres 
w^as the desire to make thcM* tAvo kinds of enqihasis meet 
ill the same syllable. Tn manipulating their quantita- 
tive metrical system the Greeks had facilities for bring- 
ing one kind of emphasis into harmony witli the otlu‘r 
such as are unkiioAvn to Avriters in accentuated meties. 
This accounts for the measureless siqieriority of Greek 
poetry in verUil melody as Avell as in general hannouie 
scheme to all the poetry of the modern world. In writers 
so diverse in many ways as Homer, ^Eschylus, Soi»hf)cles, 
Pindar, Sap]>ho, the luirmony between the emphasis of 
sound and the empha.sis of sense is so complefe that each 
of these kinds of emphasis seems always begetting, yet 
always iHirn of the other. When in Euroiie the quantita- 
tive measun\s w’ore su|)erseded >»y the accentuated measures 
a reniiiiiseeiice Avas naturally and inevitably left behind 
of the oM system ; and the result has lieen, in the English 
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language at least, tluit no redlly great line can be written 
in which the oiiiphasis of accent, tlio eni])hasis of quantity, 
and the emphasis of seiiMe, do not meet on the Hame 
pyllable. Whenever this junction does imt take place the 
weaker lino, or lines, arc always introduced, not for make- 
shift pur|>o.scs, l)ut for variety, as in the finest lines of 
^filton and Wordsworth. Wordsworth no doubt seems 
to ha\e liad a thec>ry that the accent of certain words, 
such as “without,” “within,” tkc., could be disturtel in 
an iambic line ; lait in his l>est Avork he does not act upon 
his theory, and ejideavours most successfully to make the 
eni])hasis of accent, of (quantity, and of sense meet. It 
might not be well for a i)oem to contain an entire seiiuencc 
of such perfect lines as 

“I thuii|Ljl»t of C’liattorton, the marvollons hoy,” 
or 

“Tliy soul was like a star and dwolt apart, ’’ 

for then the metricistV art would declare itself too loudly 
and weaken th(^ imaginative strength of the jiicture. But 
.Mich bill's should no doubt form tlie basis of the jioeni, 
and weaker lines — lines in w'liieli there is no such com- 
bination of the three kinds of emphasis — should lx‘ 
sparingly used, and never used for mako-shift luirposes. 
Now, neither by instinct nor liy critical study was Arnold 
over able to a])prehend this law of prosody. If he does 
write a line of the first order, metrically sj leaking, he 
seems to do so by accident. 8uch weak lines as these arc 
constantly occurring — 

“The to whoso mighty hoait 
lloavoi) doth a quickor pulse iinjmit, 

Suhducs that energy to scan 

Not Ills own course but that of man.” 

Much has Ijeen said about what is called the “Greek 
temi>er ” of Matthew Arnold’s muse. A good deal dejionds 
upon what is meant by the Hellenic spirit But if the Greek 
teiniHir expresses itself, as is generally sujiposed, in the 
sweet acee])tance and melodious utterance of the lieauty of 
the world as it is, accepting that beauty without inquiring 
as to what it means and as to whither it goes, it is difficult 
to see wdiere in ArnoliTs jiootry this t('in])er declares itself. 
Surely it is not in Emjieihtcles on Etna, and surely it 
is not in MerojHi. If there is a ])oem of his in which 
one would expect to find the joyous acceptance of life 
ajnu’t from questionings about the civilization in which 
the poet finds himself environed (its liojics, its fears, 
its asjiirations, and it.s failures) — such questionings, in 
short, as were for ever vexing Arnold’s soul —it would 
lie in “The Scholar Gypsy,” a poem in which the iMwt 
tries to throw himself into the mood of a “Boniany 
Jlye.” The great attraction of the gypsies to Englishmen 
of a certain temperament is tliat they alone seem to fi»el 
the joyous acceptance of life wdiich is Bup]>osed to Ije 
Rpt'cially Greek. Hence it would liave been but reason- 
able to look, if anywhere, for the expression of Arnold’s 
Greek temper in a [x>em wliieh sets out to describe the 
feelings of the student who, according to Glanville’s story, 
left Oxford to w^ander over England wdth the Romanies. 
But instead of this we get the old fretting about the 
unsatisfactoriness of modern (civilization. Glanvillc’s Ox- 
f«>rd student, wdiose story is glan(?ed at now and again in 
the poem, flits about in the scenery like a cloud-shadow 
on the grass ; but the way in which Arnold contrives to 
avoid giving us the faintest idea either dramatic or pictorial 
of the student about wffiom he talks so much, and about ; 
the gypsies with whom the student lived, is one of the 
most singular feats in poetry. The reflections which come 
to a young Oxonian lying on the grass and longing to 
escape life’s fitful fever without shuffiing off this mortal 
roil are, no doubt, lieautiful reflections beautifully ex- | 
)>ressed, but the temper they show^ is the very ojipoaite of ' 
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the Greek, To say this is not in the least to disparage 
Arnold. “ A man is more like the age in which he Uvea,” 
says the Chinese aphorism, “than he is like his own 
father and mother,” and Arnold’s polemical writings alone 
are sufficient to show that the waters of life he drank 
w'ere from fountains distilled, seven times distilled, at the 
topmost slope of 19th-contury civilization. Mr George 
Meredith’s “Old Chartist” exhibits far more of the temper 
of acceptance than dues any poem by Matthew Arnold. 

His most famous critical dictum is that poetry is a 
“ criticism of life.” What he seems to have meant is that 
poetry is the crowning fruit of a criticism of life ; that 
just as the poet’s metrical effects are and must be the 
result of a thousand semi-conscious generalizations upon 
the laws of cause and effect in metric art, so the beautiful 
things he says about life and the Ixjautiful pictures he 
jiaints of life are the result of his generalizations upon life 
as he passes through it, and consequently that the value 
of his poet^ consists in the beauty and the truth of his 
g(uieralizations. But this is saying no more than is said 
in the line — 

“ Rien nVat beau ijuc le vrai ; le vrai soul oat ainiablo ” — 
or in the still more famous lines — 

“ * Beauty is truth, truth beauty,’ — that ia all 
Ye know on earth, and all 3^0 need to know.” 

To suppose that Arnold confounded the poet with the 
writer of pemees would be absurd. Yet, having decided 
that poetry consists of generalizations on human life, in 
reading poetry he kept on the watch for those generaliza- 
tions, and at last seemed to think that the less and not 
the more they are hidden behind the dramatic action, and 
the more unmistakably they are intruded as generaliza- 
tions, the better. For instance, in one of his essays he 
(juotes those lines frbm the “Chanson do Roland” of 
Turoldus, where Roland, mortally wounded, lays himself 
down under a pine-tree with his face turned towards Siiain 
and the enemy, and begins to “ call many things to re- 
membrance ; all the lands wdiich his valour comiucred, and 
pleasant France, and the men of his lineage, and Charle- 
magne, his liego lord, who nourished him ” — 

“Do ])lusurs clio&cs k remembrer li prist, 

De taiitcs teres cumc li bers ciniquist, 

I)e (inlco France, des humes de sun lign, 

De Carleiiiague sun seigiior ki rimrrit ” 

“That,” says Arnold, “is primitive work, I rei>eat,. 
with an undeniable poetic (juality of its owm. It deserves 
much jiraise, and such praise is sufficient for it.” Then he 
contrasts it with a famous passage in Homer — that same 
passage which has l^een quoted in the Encyclopmlia 
Britannica (see Art. Poetkv, vol. xix.) for the very 
opposite purpose to that of Arnold’s — quoted indeed to 
show how the epic |>oet, leaving the dramatic action to 
act as chorus, weakens the dirdrTj of the picture — the 
passage in the Iliad (iii. 243-4) where the poet, after 
Helen’s jiathetic mention of her brother’s comments on 
the causes of their absence, “(jriticizes life” and gener- 
alizes ui)on the impotence of human intelligence, the 
impotence even of human love, to pierce the darkness in. 
which the web of human fate is woven. He apjiends Dr 
Hawtrey’s translation : — 

Of ^ro' rods 5* ifSff /edrex^^ ^uffi^oos ata 
dp AaK^dalfioPi dp varpldt, ytUn. 

i “So said she ; they long since in Earth’s soft arms were reposing 
There, in their own dear laud, their fatlierland, Lacedaemon." 

m 

“ We are here,” says Arnold, “ in another world, another 
order of poetry altogether; here is rightly due such 
I supreme praise as that which M. Yitel gives to the 
' CJuimrm de Boland, If our words are to have any 
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meaning, if our judgments are to have any solidity, we 
must not heap that supreme praise upon poetry of an 
order immeasurably inferior.” He does not see that the 
two passages cannot properly be comimrod at all. In the 
one case the poet gives us a dramatic picture; in the 
other, a comment on a dramatic picture. 

Perhaps, indeed, the place Arnold held and still holds 
as a critic is due more to his exquisite felicity in express- 
ing his views than to the penetration of his criticisuL 
• Nothing can exceed the easy grace of his prost' at the best. 
It is conversational and yet absolutely exact in the struc- 
ture of the sentences ; and in spite of every vagary, his 
distinguishing note is urbanity. Keen-edged as his satire 
could bo, his writing for the most part is as ur})ane as 
Addison’s own. His influence on contemporary criticism 
and contemporary ideals was considerable, and generally 
wholesome. His insistence on the necessity of looking 
at “the thing in itself,” and the need for aciiuainting 
oneself with “ the best that has been thought and said in 
the world,” gave a new stimulus alike to originality and 
industry in criticism ; and in his own selection of subjects 
— such as Joubert, or the de Gmrim — he opened a new 
world to a larger class of the better sort of readers, 
exercising in this respect an awakening influence in his 
own time akin to that of Walter Pater a few years after- 
wards. The comparison with Pater might indeed be pressed 
further, and yet too far. Both were essemtially pnxlucts 
of Oxford. But Arnold, whose description of that “ home 
of lost causes, and forsaken beliefs, and uniiopular names, 
and impossible loyalties,” is in itself almost a poem, h^ul 
a (jlassical austerity in his style that savoured more inti- 
mately of Oxford tradition, and an ethical earnestness 
even in his most flippant moments which ke])t him not- 
ably aloof from the more sensuous school of a^stlietics. 

(t w.-n.) 

ArnStAdti a town and watering-place of Germany, 
in the principality of Schwarzburg-Sondershausen, 14 
miles by rail S.S.W. from Erfurt, on the river Gera. TJie 
church of Our Lady was restored in 1884-8G. Its manu- 
factures embrace gloves, shoes, iron safes, confectionery, 
and es|)ecially IxHir and market -gardening. Arustadt 
]> 0 s 80 sses an industrial school, and is much fre(|uented in 
summer for its saline and other baths. It dates back to 
the 8th century. Population (1885), 11,5.37; (1895), 
13,695 ; (1900), 14,413. 

ArtlUOiL a town and railway station, arrondissement 
of St Omer, department of Pas-de-Calais, France, 37 miles 
in direct line N.W. of Arras. Near Arques, on the Canal 
de Neuflbss^s, is the Ascenseur des Fontinettes, a great 
hydraulic lift, completed in 1888, by which canal &mts 
are enabled to avoid the series of locks constructed on the 
slope of the Fontinettes hill, to connect the Neufibsses 
with the Aa, at a difference of level of about 40 feet. 
Population, (1881), 2105; (1891), 1972; (1896), 2216, 
(comm.) 4355. 

Arrfthp a town of British India, headquarters of 
Shahabad district, in the P^tna division of Bengal, 
situated on a navigable canal connecting the river Sone 
with the Ganges. It is a station on the East Indian 
railway, 368 miles from Calcutta. In 1891 the popula- 
tion was 46,905. It has a high school with over 400 
pupils. Arr^ is famous for an incident in the Mutiny, 
when a dozen Englishmen, with 50 Bikhs, defended an 
ordinary house against an army of many thousand 
insurgents. A British regiment, despatched to their 
assistance from Dinapur, was disastrously repulsed; but 
they were ultimately relieved, after eight days’ continu- 
ous fighting, by a small force under Major (Sir Vincent) 
Eyre. 
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Arrcinp an island of Buteshire, Scotland, sitiuiteil 
in the Firth of Clyih*. The area is 165 square miles. 
Agriculture and tlu* entertainment of summer visitois uu* 
the princijjal industries, and herrings, Imdtlocks, whitings, 
and lobsters are fished ; in 1898 there were .39 boatMn 
the island, manned by seventy-three lisljernien, and tin- 
value of the catch was ^1220. There ih an exlensiM- 
steamer service comu*cling with tlie Caledonian and 
Glasgow and South-Western railways. Many iin])ro\e 
meats have Wu carried out in the ])nncipal Milages, and 
Lamlash, in particular, has been largely extended. Poim 
lation (1901), 1771). 

ArrttSy chii‘f town of department Pas-de-Calais, 
France, 109 miles N.N.E. of Pans, on railway from Pans 
to Dunkirk and Boulogne. Amongst public buildings to 
be noted are the restored HAiel de A’ille, the HGpital St 
Jean, and the railway station. The last-named stands at 
one end of a fine tlK»rouglifare, in the new quaitcr foimed 
since the demolition of the fortitiealions. I'la-ie are new 
boulevards, and statues ol \'aiiban and of th(‘ Abbe 
Ilalluin (cl. 1895). The manutaciure of oils, es[jeeiall} 
poppy oil, and artistic and (yflier nietalluigieal work, aie 
now the leading indusliies, while textile manufactures 
are rcipresented chiefly by hosierv. }*opulation (1876), 
21,689, (comm.) 21,689 ; (1886), 21,492 ; (1^96), 20,5!>!», 
(comm.) 21,086 ; (1901), 2.5,81.3, 

ArrasA. See Eritrka. 

Art GallOriOS* — An art gallery epitomize»> sr> innn\ 
phases of human thought and imagination that it connotes 
much more than a men* c()]]cctir>n ot imntnigs In it.s 
technical and lesthetic as]K‘ct the gallery shows llie tieat- 
niont of colour, form, and composition. In its historical 
aspect we find tlw‘ true portraits c)f great mvn of thi» past 
we cjan observe their habits of life, theii nianneis, then 
dress, the architecture of their times, and the religious 
worship of the j>eriod in which they Jned. Regarded 
collectively, the art of a country epilomizc‘s the whole 
development of the people that ])roduced it. Most imj^oit 
ant of all is the emotional aspect of painting, which musi 
enter less or moi’e into every pictuie worthy (»1 iiotiie 
To take examples from the British National Gal lei y 
Pathos in its most intense degree will lie found in Francia s 
“ Pietk ” ; dignity in Velas(|iiez’ })orirait of Admiral Paieja , 
homeliness in Van Eyck’^ portrait of Jan Ariiolfini and hi^ 
wife; the interpretation of the varying moods of natuie 
in the work of Turner or Hobbema ; mithing can be more 
devotional than the cauva.ses of Bellini or his Umbrian 
contemporaries. Bo also the ruling sentiments of man- 
kind — mysticism, drama, and imagination aie the* key- 
note.s of other great concej^tions of the artist. All this 
may be at the command of those who visit the art gallery ; 
but without patitmee, care, and study the higher meaning 
will be lost to the spectator. The picture wdiich “ tells its 
own story ” is often the least didactic, for it has no inner 
or deeiicr lesson to reveal ; it gives no stimulus or training 
to the eye, (juick as that organ may be — segnius mutant 
animos — to translate siglit into thought. In brief, the 
iminter asks that hi.s ^ 60 ^ may bo shared as much as pos- 
sible by the man who Iwks at the iminting — the art abo\e 
all others in which it is most needful to share the masters 
spirit if his work is to be fully appreciated. Bo, too, the 
art gallery, recalling the gentler associations of the past 
p midst surroundings of harmonious beauty and its attend- 
ant sense of comfort, is essentially a place of rest for 
the mind and eye. In the more famous galleries where 
the wealth of imintings allows a grouping of i>ictures 
according to their resfiective schools, one may choose the 
country, the epoch, the style, or even the emotion best 
suited to one’s taste. According to this theor>, though 
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imperfectly realized owing to the paucity of examples, the 
philosophic influence of art galleries is becoming more 
widely extended ; and in its further development will Ins 
found an ever-growing source of interest, instruction, and 
scholarship to the community. The most suitable method 
of describing art galleries is to classify them by their 
types and contents, rather than by the various countries to 
which they belong. Thus the great rejiresentativo galleries 
of the world which possess works of every school are 
grouped together, followed by State galleries which are 
not remarkable for more than one school of national art. 
Municipal galleries are divided into those which have 
gencTal collections, and those which are notable for sjiecial 
collections. Churches which have good paintings, together 
with those which are now secularized, are treated 8e]>ar- 
ately ; while the collections in the Vatican and private 
houses arc described together. The remaining galleries, 
such as the Salon or the Iloyal Academy, arc jieriodical or 
commercial in character, and are imjiortant in the develop- 
ment of modern art. 


The collections most worthy of attention are the 
State galleries representative of international schools. 
Their number is restricted, not more than a 
dozen lieing in the very first rank. Among gmihrl^M o/ 
these the British National Gallery holds a high ia^cr- 
place. Though the collection is small and 
modem, having been founded in 1824 by the ' 
acquisition of the Angerstein pictures, it is among the 
most representative of State galleries. Its accessions are 
governed by the parliamentary grant of £5000 to £10,000 • 
a year, a sum which has occasionally been enlarged to 
pcirmit special purchases. Thus, in 1871, the Peel collec- 
tion of seventy-seven pictures was bought for £75,000, 
and in 1885 the Ansidei Madonna (Raffaelle) and Van 
Dyck^s portrait of Charles I. were bought, the one for 
£70,000 and the other for £17,500. In 1890 the Govern- 
ment gave £25,000 to meet a gift of £30,000 made by 
three gentlemen to acquire three portraits by Moroni, 
Velasquez, and Holbein. The most important gifts were 
the Vernon gift in 1847, the Turner bequest in 1856, and 


North VeHtlbule, Early Italian SchoolM ; 1, Tuacaii School 
(l&th and 10th ceniurletO: Hi Sienese fik’hool, ; 111, 
Tuscan School , IV, Early Flemish School ; V, Ferrarosc 
and BoloKiiese Schools ; Vl, Umbrian School, Ac. .* VII, 
Venetian and Brescian Schools ; VITl, Paduan and Early 
Venetian Schools ; IX, Schools of Iximbiiidy and Parma ; 
X, Dutch and Flemish Schools ; XI, Dutch and Plcinisli 
Schools; XII, Dutch and Flemish Schools (including 
the Peel Oollectiou) ; Xlll, Isite Italian Schools , Xl\, 
Smiiish School; XV, German Schools; XVI, Ficnrh 
School; XVil, French School; XVIII, Old British 
School : XIX, Old British School ; XX, British School , 
XXI, Modem British School ; XXII, Turner Collection; 
Octai^conal Hall, Miscellaneous; East Vestibule, Old 
British School ; West Vestibule, Old British School 
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Fi(.. 1.— Plan of the National Gallery, London. 


tlio AVynne-Ellis legacy in 1876. The galler)^ contains 
\'cry few jioor works, und all schools are well represented 
with the solo oxeejition of the Froncli school. This, how- 
ever, can be amply studied at Hertford House, which, 
besides Diiteli, Sjianish, and British pictures of the highest 
value, contains twe-nty examples of Greuze, fifteen by Pater, 
nineteen by Boucher, eleven by Watteau, and fifteen by 
Moissonier. The Iloyal Gallery at Berlin (Old Museum), 
like the British National Gallery, is remarkable for its 
variety of schools and painters, and for the select ty|)c of 
pictures shown. During the last twenty-five years of the 
1 9th century, the development of this collection was even 
more striking than that of the English gallery. Italian 
and Dutch examples are sjiccially numerous, though every 
school but the British (here as elsewhere) is really well 
seen. The purchase grant is considerable, and is well 
applied. Two other German capitals have collections of 
international importance — Dresden and Munich. The 
former is Ihmous for the Sistine Madonna by Eaffaolle, a 
work of such supremo excellence that there is a tendency 
to overlook other Italian pictures of celebrity by Titian, 
Giorgione, and Correggio. Munich (Old Plnakothek) has 
examples of all the best masters, the South German school 
being })articularly noticeable. The arrangement is good, 


and the methods of exhibition make this one of the most 
pleasant galleries on the Continent. Vienna has the 
jm|)erial Gallery, a collection which in point of number 
cannot be considered large, as there are not more than 
1700 pictures. This, however, is in itself a safeguard, 
like the wise provision enabling the English authorities to 
dispose of pictures “unfit for the collection, or not 
required” (19 and 20 Viet. c. 29), It avoids the undue 
multiplication of canvases, and the overcrowding so notice- 
able in many Italian galleries where first-rate pictures hang 
too high to be examined. Thus the Viennese gallery, 
besides the intrinsic value of its pictures (Albert Durer^s 
chief work is there), is admirably adapted for study. The 
best gallery in Russia (St. Petersburg, Hermitage) was 
mode entirely by royal efforts, having been founded by 
Peter the Great, and much enlarged by the Empress 
Catharine. It contains the collections of Crozat, Bruhl, 
and Walpole. There are about 1800 works, the schools 
of Flanders and Italy being of signal merit; and there 
are at least thirty-five genuine examples by Rembrandt. 
The French collection (Louvre Palace, Petris) is one of the 
most important of all. In 1880 it was undoubtedly the 
first gallery in Europe, but its supremacy has since been 
menaced by other establishments where acquisitions are 
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made more frequently and with greater care, and where 
the system of deification is such that the value of the 
pictures is enhanced rather than diminished by their dis- 
play. In 1900 it was partly rearranged with great effect. 
The feature of the Louvre is the Salon Carre, a room in 
which the supposed finest canvases in the collection are 
kept together, pictures of world-wide fame, representing 
all schools. It is now generally accepted that this system 
of selection not only lowers the standard of individual 
• schools elsewhere by withdrawing their best pictures, but 


does not add to the aesthetic or educational value of the 
masterpieces themselves. In Florence the Tribuna of the 
Uffizi gallery is a similar case in point, while in London 
the danger that such a central gallery should br‘ made 
within the national collection jm-ssed away thirty years ago 
Prolmbly the two most widely known pictures in the Louvre 
are Wattean\s second “ Embarquenient pour (’ythtie” 
and the “ Mona Lisa,*' a ^mrtrait by Leonardo da Vinci, 
but each school has many unitjuo examples. The original 
drawings should be noted, lieing of e<|ual impoi'tance to 
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Fio. 2 —Plan of the Amt and second floors of the Imperial nailery, Vienna. 


the collection preserved at the British Museum. The last 
collection to bo mentioned under this heading is that 
known as the Royal Galleries in Florence, housed in the 
Pitti and Uffizi palaces. In some ways this collection 
does not represent general painting sufficiently to justify 
its inclusion with the galleries of Berlin, Paris, and 
London. On the other hand, the great number of Italian 
pictures of vital importance to the history of international 
art makes this one of the finest existing collections. The 
two great palaces, dating from the 15th and IGth cen- 
turies, are joined together and contain the Medici pictures. 
They form the largest gallery in the world, and though 
many of the rooms are small and badly lighted, and 
although many paintings have suffered from thoughtless 
restoration, there is a charm and attraction which certainly 


make them the moat popular galleries in Europe. The 
Pitti has ten Kaffaellcs, and excellent examples of Andrea 
del Sarto, Giorgione, and Perugino. The Uffizi is more 
representative of non-Italian schools, but is best known 
for its works by Botticelli, Leonardo da Vinci, Michael 
Angelo, and Sodoma, the schools of Tuscany and Umbria 
forming the bulk of both collections. Admission to the 
galleries is by jiayment, and the small income derived from 
this source (in 1890 all the galleries and museums in 
Florence only received £4000) is devoted to maintaining 
and enlarging the collections. 

As to the ground plans of the National Gallery, London 
(Fig. 1), and of the Imperial Gallery at Vienna (Fig. 2), 
it will be observed that while the former has the ad- 
vantage of uniform toi)-light, the new galleries at Vienna 
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possess the most ample facilities for minute classification, 
small rooms or “ cabinets ” opening from each large room. 
Special rooms are also provided for drawings and water- 
colours, while special ranges of rooms are used by copyists 
and those responsible for the repair and preservation of 
the pictures. 

Though not so comprehensive as the great collections 
just described, the State galleries showing national schools 
State I)ainting and little else are of striking 

gmtterteaot interest. In England the National Gallery of 
aatioaal British Art (known as the Tate Gallery 1 contains 
ecboola. Jiritish jnctures. The corresponding collection of 
modern French art is at Paris (Luxembourg Palace), 
Berlin, lioriie, Dresden, Vienna, and Madrid having 
analogous galleries. The Victoria and Albert Museum 
has also numerous British pictures, especially in water- 
colour, and the National Portrait Gallery, founded in 
1856, and since 1896 housed in its |)ermaneut home, is 
instructive in this connexion, though many of its pictures 
are the work of foreign artists. The national collec- 
tions at Dublin and Edinburgh may be mentioned here, 
though most schools are represented. Brussels and 
Antwerp are I'emarkable for fine examples of • Flemish 
art — Matsys, Memlinc, and Van Eyck of the jirimitive 
schools, llubens and Van Dyck of the later j)eri<KL The 
collections at Amsterdam (liyks Museum) and the Hague 
(Mauritshuis) are a revelation to those who have only 
studied Rembrandt, Franz Hals, Van der Holst, and other 
Dutch portrait painters outside Holland ; and in the 
former gallery especially, the pictures are arranged in a 
manner showing them to the Jbest advantage. The Museo 
del Prado is even more noteworthy, for the fifty examples 
of Velastpiez (outrivalling the Italian j)icture8, important 
as they are) make a visit Ut Madrid imperative to those 
who wish to realize the achievements of Spanish art. 
Christiania, Stockholm, and Copenhagen have large col- 
lections of Scandinavian art, and the cities of Budapest 
and BMe have galleries of some importance. In Italy the 
State maiiitiiins twelve collections, mainly devoted to pic- 
torial art. Of these the best are situated at Bologna, 
Lucca, Parma, Venice, Modena, Turin, and Milan. In 
each case the local school of painting is fully re]»reaentcd. 
In Rome the Corsini and Borghese Galleries, the latter 
being the most catholic in the city, (jontaiii superb examiiles, 
some of them acce])tod masteqiicccs of Italian art; there 
are also good foreign pictures, but their numljer is limited. 
The Accademia at Florence should also be noted as the 
most important State gallery of early Italian art. The 
central Italian Renaissance can be more adecpiately studied 
here than in the Pitti. The “ Primavera ” of Botticelli, and 
the “ Last Judgment ” by Fra Angelico are iierhajis the best 
known works. The large statue of David by Michael 
Angelo is also in this gallery, which, on the whole, is one 
of the most remarkable in Italy. SjKjaking broadly, these 
national galleries scattered throughout the country arc not 
well arranged or classified ; and though some are kept 
in fine old buildings, Ixmutiful in themselves, the lighting 
is often indifferent, and it is with difficulty that the pic- 
tures can be seen. In nearly every case admission fees 
are charged every day, festivals and Sundays excepted ; 
few pictures are bought, acquisitions being chiefly made 
by removing jiictures from churches. 

Many towns own collections of well-merited repute. In 
Italy siich^galleries are common, and among them may 
Municipal i«>ted Siena, with Sodoma and his school; 
gallerlea Venice with Tintoretto (Doge's J^alace) ; Genoa, 
of apeclal with the groat palaces Balbi and Rosso ; Vicenza 
acboola. (Montagna and school), Ferrara (Dosso and 
school), Bergamo and Milan (north Italian schools). Other 
civic collections of Italian art are maintained at Verona, 


Pisa, Rome, Perugia, and Padua. In Holland, Haarlem, 
Leyden, Rotterdam, and the Hague have galleries supple- 
mental to those of the State, and are remarlmblo in showing 
the brilliance of artists like Grebber, De Bray, and Rave- 
steyn, who are usually ignored. Birmingham and Man- 
chester have good examples of modem British art. Moscow 
(Tretiakoff collection) has modern Russian pictures, and 
contemporary German and French work will be found in 
all the galleries of these two countries included in the 
municipal group. Collections of French work are found 
at Amiens, Rouen, Nancy, Tours, Lemans, and Angers, 
but large as these civic collections are, sometimes contain- 
ing six and eight hundred canvases, few of their pictures 
are really good, many being the enormous patriotic can- 
vases marked ** Don de TEtat,” which do not confer dis- 
tinction on the galleries. Cologne has the central collection 
of the early Rhenish school; Nuremberg is remarkable 
for early German work (Wohlgomut, &c.). Stuttgart, 
Cassel (Dutch), and Hamburg (with a considerable number 
of British pictures) are also noteworthy, together with 
Bmnswick, Hanover, Augsburg, Darmsl^t, and Diissel- 
dorf where German and Dutch art preponderate. Seville 
is famous for twenty-flve examples of Murillo, and there 
are old Spanish paintings at Valencia, Cordova, and Cadiz. 

In Great Britain the best of the municipal ||dleries of 
general schools are at Liverpool (early Flemish ara British), 
and at Glasgow (Scottish painters, Rembrandt, jti„„iclpal 
Van dor Goes, and Venetian schools). In France gallerlea 
there are very large galleries at Tours, Mont- of general 
pellier, Lyons (Perugino, Rubens), Dyon, and •®*®®^** 
Grenoble (Italian), Valenciennes (Watteau and school), 
while Rennes, Lille, and Marseilles have first-rate collec- 
tions. Nantes, Orleans, Besan^on, Cherbourg, and Caen 
have also many j>aintings, French for the most part, but 
with occasional foreign }>ictures of real importance, pre- 
sented by the State during the Napoleonic conquests, and 
not retunied on the declaration of i>eace as were the works 
of art amassed in Paris. Some of the American collec- 
tions, though still in their early stages of development, 
have very good pictures. At Boston (Museum of Fine 
Arts) all schools are represented, so too at the Metropolitan 
Museum of Art in New York, which is strong in Italian 
and Dutch works. Modem French and Flemish art is a 
feature of the Academy at 1 Philadelphia, at the Lenox 
Library (New York), and at Chicago, where there are 
good examples of Millet, Constable, and Rembrandt. The 
Corcoran bequest at Washington is of indifferent worth. 
The best civic collection in Germany of this class is the 
Stiidel Institute at Frankfort (Van Eyck, Christus, early 
Flemish and Italian). 

As the great bulk of religious })ainting was executed for 
church decoration, there are still numberless churches which 
may be considered picture gaUerios. Thus at Ant- 
weq) Cathedral the Rubens imintings are remark- 
able ; at Ghent, Van Eyck ; at Bruges (hospital of St John), 
Memlinc ; at Pisa, the Campo Santo (early Tuscan schools) ; 
at Sant* Apollinare, Ravenna, primitive Italo-Byzantine 
mosaics ; at Siena, Pinturrichio. Examples could be 
multiplied indefinitely — in Italy alone there are 80,000 
churches and chaiiels, in all of which pictorial art has been 
employed. In Italy, besides the church “ galleries ” still 
used for religious services, there are some which have been 
secularized and are now used as museums, e.^., Gertosa at 
Pavia, and San Vitale at Ravenna (mosaics) ; at Florence, 
the S(^zo (Andrea del Sarto) ; San Marco (Fra Angelico) ; 
the Riccardi and Pazzi cha|)el8 (Gozzoli and Perugino) ; at 
Milan, in the Santa Maria delle Grazie, the Last Supper,” 
by lieonardo, and at Padua, the famous Arena chapel 
(Giotto). 

The Vatican galleries, though best known for their 
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statimry, have fine examples of jiainting, chiefly of the 
PrtvMf Italian school; the most famous easel picture 
is Kafiaelle’s Transfiguration/' but the Stauze, 
priyt9 apartments entirely decorated by ][)ainting, are 
jnQj.0 famous. In England three royal 
l)alaces are oiien to the public — Hampton Court (Man- 
tegna), Windsor (Van Dyck, Zuccarelli), and Kensington 
(portraits). At Buckingham Palace the Dutch pictures 
are admirable, and Queen Victoria lent the celebrated 
Raffaelle cartoons to the Victoria and Albert Museum. 
Semi-private collections belong to Dulwich College (Velas- 
quez and Watteau), Oxford University (Italian drawings), 
the Soane Museum (Hogarth and English school), and 
the Koyal Academy (Leonardo). Among private collec- 
tions the most important are the Harrach, and Prince 
Liechtenstein (Vienna), the Six Gallery (Amsterdam), Mrs 
T. Gardner, of Boston (Italian), Prince Corsini (Florence). 
In Great Britain there are immense riches in j»rivate 
houses, though many collections have been dispersed. 
The most noteworthy belong to the dukes of Devonshire 
and Westminster, Lord Ellesmere, Captain Ilolford (in- 
cluding the masterincce of Cuyji), Mr L. Mond, Lord 
Ijansdowne, Miss Rothschild. The finest private collection 
belongs to Lord Cowjier, his gallery of Van Dyck’s work 
being quite the best in the world. 

Many'fealleries are devoted to periodical exhibitions in 
London ; the Royal Academy is the leading agency of this 
character, having held • exhibitions since 1769. 
Slid com- Its loan exhibitions of Old Masters are most 
mrcisl. important. Similar enterprises, heralded by the 
Grosvenor Gallery, are the New Gallery, opened in 1888, 
the Grafton Gallery, and others. There are also old- 
established societies of etchers, water-colourists, &c. A 
feature^ common to these exhibitions is that the public 
always pays for admission, though they differ from the 
commercial exhibitions, liecoming mom common every 
year, in which the work of a single school or jiainter is 
shown for profit. But the annual exhibitions at the 
Guildhall, under the aus])icea of the Cor|)oration, are 
free. The great j^eriodicial exhibition of J^Vench art is 
known as the Salon, and for some years it has had 
a rival in the Champ de Mars exhibition. These two 
societies are now res|)octively housed in the Grand I'alais 
and Petit Palais, in the Champs Elys6es, which were erected 
in connexion with the Paris Exliibition of 1900, but with 
the ultimate object of being devoted to the service of the 
two ISalons. Berlin, Rome, Vienna, and other Continental 
towns have regular exhibitions of original work. 

'The best history of art gallorios is found in their official and other 
catalogues, see article Museums See also h, Viakdot, Les muit^s 
d*ItalLe, Ac , 8 vols. Pans, 1842, 1843, 1844. — Annual Renoits, 
official, of National Portrait Gallery, National Gallorios of England, 
Ireland, and Scotland ; Civil Service Estimates, class iv. official. 
8ee also the series edited by Lafenestke and E. Rjchtenbeuceu : 
Le Louvre t Jm Belgique^ Le Uollande^ Florence^ Belgique. — A. 
Lavick. JUxme des viuslea de France ^ . . . d'Allerruiguc ^ . . . d'Anyle- 
terre ^ . . . d'Eapagne^ . . . dlialUy . . .de Belgique^ de IIollaTule et 
deRimie. Paris, 1862-72.— E. Michel. J^es musics d Alleitmgm. 
Paris, 1886. — Kate Thompson. Public Picture Galleries of 
Europe^ 1880. — C. L. Eaktlake. Notes ov Foreign IhdLure Gal- 
LokJ) lioNALi) Goweu. Pocket Guide to Art Gallenes 
{public and privale) of Belgium and Holland^ 1875 ; and many 
works, albums, and so forth, issued mainly for the sake of the 
illustrations. (b.) 

Art Museums. See Museums. 

Art Sales. — ^The practice of selling objects of art by 
auction in England dates from the latter part of the 17th 
century, when in most cases the names of the auctioneers 
were suppressed. Evelyn (under date 2l8t June 1693) 
mentions a “great auction of pictures {Lord Melfords) 
in the Banquetting House, Whitehall,” and the practice is 
frequently referred to by other contemporary and later 


writers. Before the introduction of regular auctions the 
practice was, as in the case of the famous collection 
formed by Charles to price each object and invite 
purchasers, just as in other dejiartments of (iommercc. 
But this was a slow process, eRjiecially in the case of 
pictures, and lacked the incentive of excitement. The 
first really imiKirtant art collection to come under thi* 
hammer was that of Edward^ Earl of Oxford, dispersed 
by Cock, under the Piazza, Covent Garden, on 8th March 
1741-42 and the five following days, six mou* days l»eing 
required by the coins N(*arly all the leading men of the 
day, including Horace Walpole, attended or were repie- 
sented at this sale, and the ]>rices varied from five 
shillings for an anonymous bishop’s “head” to 165 
guineas for Vandyck’s gioup of “ Sir Kenelm Digby, lady, 
and son.” The next great disjierwil was I>r Jiichard 
MeaiPs extensive collection, of which the pictures, coins, 
and gems, <kc., were sold by Ijangford in February and 
March 1754, the sale realizing the totiil, unprecedtnited up 
to that time, of XI 6,069. The thirty-eight days’ sale 
(1786) of the Dvrliess of Portland's collection is very 
noteworthy, from the fact that it included the celebrated 
Portland vase, now in the British Must^um. Many other 
interesting and important 18lh- century sales might be 
mentioned. High prices did not lM‘(;ome geiuTal until the 
Cedonm^ Trumbull (both 1795) and Bryan (1798) sales. 
As to the quality of the pictures which had been sold by 
auction up to the latter ])art of the J 8th ei'iitury, it may 
be assumed that this was not high. The imijortation cjf 
pictures and other objects of art had assuiiH'd extensive 
proportions by the end of the 18th century, but the 
genuine examples of the Old Masters proliably fell far 
short of 1 ijer cent. England was felt to be the only 
safe asylupi for valuable articles, but the home which was 
intended to be temporary often became i>ermaneiit. Had 
it not been for the political convulsions on the Continent, 
England, instead of being one of the richest countries 
ill the world in art treasures, would havt» been one of 
the poorest. This fortuitous cireunistauce had, moreover, 
another effi^et, in that it greatly raised the critical 
knowledge of pictures. Genuine woiks lealized high 
prices as, for example, at Sir Wilimm IJamilUm^s sale 
(1801) w'hen Beckford paid 1300 guineas for the little 
picture of “ A Laughing Boy ” by JAJonardo da \'inci ; 
and w^hen at \h& Laftmiame sales (1807 and 1811) two 
Rembrandts each n^alized 5000 guineas, “The Woman 
taken in Adultery,” now in the National Gallery, and “The 
Master Shipbuilder,” now' at Buckingham I'alacc. The 
Beckford sale of 1823 (41 days, X43,869) was the fore- 
runner of the great art dispersal of the 19th century ; 
Horace Walpolds accumulation at Strawberry Hill, 1842 
(24 days, X33,450), and the Stowe collection, 1848 (41 
days, X75,562) were also celebrated. They coin])rised 
every phase of art work, and in all the quality was of a 
very high order. They acted as a most healthy stimulus 
to art collecting, a stimulus which was further nourished 
by the sales of the sujx'rb collection of Ralph Bernal in 
1853 (32 days, XG2,690), and of the almost equally fine 
but not so eomyirehensive collection of Samuel Royers, 
1856 (18 days, X12,367). Three years later came the 
disyiersal of the 1500 pictures which formed Lord North- 
wick's gallery at Clieltcnham (pictures and works of art, 
18 days, X94,722). 

Tow^ards the latter jiart of the first half ^ the 19th 
century an entirely now race of collectors gradually came 
into existence ; they were for the most part men who had 
made, or w^ere making, large fortunes in the various 
industries of the midlands and north of England and 
other centres. They were untrammelled by “ collecting ” 
traditions, and their {latronage was almost exclusively 
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extended to the artists of the day. The dispersals of 
these collections began in 1863 with the Ui^hndl Gallery^ 
and continued at irregular intervals for many years, 
GUlott (1872), Mendel (1875), Wyim Ellie and Albert 
Levy (1876), Alliert Grant (1877), and Mimro of Novar 
(1878). These patrons purchased at munificent prices 
either direct from the easel or from the exhibitions not 
only pictures in oils but also water-colour drawings. As 
’a matter of investment their purchases frequently realized 
far more than the original outlay; sometimes, however, 
the reverse happened, as, for instance, in the case of 
Ijandseer’s “ Otter Hunt,” for which Baron Grant is said 
to have paid £10,000 and which realized shortly after- 
wards only 5650 guineas. One of the most striking 
features of the sales of the V^venties was the high 
a[)prcciation of water-colour drawings. At the GUlott 
sale 160 examples realized a total of £27,423, when Lord 
Dudley j»aid 3150 guineas for Turner^s “Bamborough 
Castle” ; and three years later at the Quilt er stile (1875), 
when David Cox’s “Hayfield,” for which a dealer had 
]>aid the artist 50 guineas in 1850, realized 2810 guineas. 
Water-colour drawings have mivor recovered the inevitable 
effect of the “ boom ” in the ’scjventies, but even within 
late years pric^js at auction indicate a distinctly upward 
tendency; in 1895 David Cox’s “Welsh Funeral” (which 
cost about £20) sold for 2400 guiin-is, and in the same 
sale Sir Edward Burne-Jones’s “ HesiK‘rides ” realized 2560 
guineas. The demand for works by mo<lern artists, whose 
works sold at almost fabulous prices thirty years ago, has 
gn^atly declined ; but during all its /wrwe there was still a 
small band of collectors to whom the works of the Old 
Masters more especially ap]Xialcd. The dis|)ersiil of such 
collections as the Jiredel (1875), Watts Russell (1875), 
Foster of Viewer Manor (1876), the Hamilton Palace 
(17 days, £397,562) — the greatest art sale in the annals 
of Great Britain— (1882), Leiyh Cowr/5 (1884), and 
Dudley (1892) contained, as did many minor collections 
sold each season, many very fine examples of the Old 
Masters which found eager purchasers at high prices. It 
has been fre(iuently said that the Old Masti'rs are no 
longer in fashion with collectors, but the fact is that first- 
rate examples are now rarely ottered for sale ; when they 
do occur ])rice8 are invariably high. ScMircely a season 
j lasses without affording a proof of this, the most striking 
one of all being the £24,250 mdized by the pair of 
Vandyck portraits of a Genoese senator and his wife in 
tlie Peel sale, 1900. 

The chief feature of the picture sales of the last quarter 
of the 19th century was the demand for works — more 
|)articularly female ]iortraits — by Itoynolds and his 
contemporaries. The origin of this fashion is perhaps 
traceable to the exhibitions held at South Kensington, 
1867 and 1868, and the annual winter exhibitions at 
Burlington House, which revi»aled an unsuspected wealth 
and charm in the works of many English artists who had 
almost fallen into oblivion. The prices which have been 
paid at auction during recent years for such pictures can j 
only bo described as fabulous, and a few of tlie records 
may be quoted — Keynolds’s “ Lady Betty Deliue,” 1894, 
11,000 guineas; Romney’s “The Ladies Spencer,” 1896, 
10,500 guineas ; Gainsborough’s “ Duchess of Devon- 
shire ” (the picture which so mysteriously disap|X)arcd a 
few days after the sale, and which was as mysteriously 
restored to its owners, Messrs Agnew, in April 1901), 1876, 
10,100 guineas; Constable’s “Stratford Mill,” 1895, 8500 
guineas; and Turner’s “Wreckers,” 1897, 7600 guineas. 
Since 1880 works of the modern Continental schools 
— more esfiocially the French — have become popular 
wdth English collectors, and high prices have accordingly 
figured in auction sales. The “appreciation” is, how- 
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ever, circumscribed, and perhaps does not extend much 
beyond a dozen well-known names, of which the principal 
— with a few of their chief pictures — are Rosa Bonheur, 
“ Denizens of the Highlands,” Bolckow sale, 1888, 5550 
guineas; Jules Breton, whose “Girls going to the First 
Communion ” realized £9100 in New York in 1886 ; Corot, 
Fortuny, Gallait, G^rdme, Greuze, Israels; Meissonier 
(of whose works sold by auction two may be mentioned) : 
“Napoleon I. in the Campaign of Paris,” 12J inches by 
9J inches, for which Mr Ruskin gave 1000 guineas in 
1869 and which realized 5800 guineas in 1882, and “The 
Sign Painter,” which in the Bdehow sale of 1891 realized 
6450 guineas ; Munkaesy, Troyon, and Verboeckhoven. 

“ Siiecialism ” is the one important development in art 
collecting which has manifested itself during the last half 
century. This accounts for and explains the high average 
quality of the Wellesley (1866), the Buccleuch (1888), and 
the Halford (1893) collections of drawings by the Old 
Masters; for the Sibstm Wedgwood (1877), the Due de 
Forli liresden (1877), the BhulcUuvm blue and white 
|)orcelain (1880), the Warwick enamels (1896), Dudley 
porcelain (1886), the Massey - Mainwaring gold boxes 
(1897), and also for the objects of art collected by Mr 
Magniax! (1892) and by Heir Hechschsr (1898). Very 
many other illustrations in nearly every department of art 
collecting might be quoted — the suiierb series of Marl- 
borough gems (1875 and 1899) might bo included in this 
category but for the fact that it was formed chiefly in the 
18th century. The appreciation — commercially at all 
events — of mezzotint portraits and of jiortraits jirinted in 
colours, after masters of the early English school, was one 
of the most remarkable features in art sales during the 
last years of the 19th century. The shillings of fifty 
years before were then represented by pounds. The 
IVaser collection (4th to 6th December 1900) realized 
about ten times the original outlay, the mezzotint of the 
“Sisters Fraiikland,” after Hoppner, by W. Ward, selling 
for 290 guineas as against 10 guineas paid for it about 
thiity years previously. The H, A. Blyth sale (11th to 
13th March 1901, 346 lots, £21,717 : 10s.) of mezzotint 
portraits was even more remarkable, and as a collection 
it was the choicest sold within recent times, the engravinga 
being mostly in the first state. The record prices were 
numerous, and, in many cases, far surpassed the pricea 
which Sir Joshua Ueynolds received for the original 
jncturcs ; the exceptionally fine example of the first 
state of the “Duchess of Rutland,” after Reynolds, by 
V. Green, realized 1000 guineas, whereas the artist received 
only £150 for the painting itself. Even this unprecedented 
price for a mezzotint portrait was exceeded on 30th April 
1901, when an example of the first published state of 
“ Mrs Carnac,” after Reynolds, by J. R. Smith, sold for 
1160 guineas. Such prices as these and many others 
which might be quoted are exceptional, but they were 
|>aid for objects of exceptional rarity or quality. The 
demand for the finest works of art of all descriptions is 
much greater than the supply. As an illustration of the 
magnitude of the art sale business it may bo mentioned 
that the “turnover” of one firm in London alone has 
occasionally exceeded £1,000,000 annually. 

Btblioqraphy. — T he chiof compilations dealing with art sales 
in Groat Britain arc — Art Sales, by G. Rkdfokt) (1888), and 
Memorials of ChrisiU*s, by W. Robeuts (1897) ; whilst other 
books containing much important matter arc W, Buchanan's 
Memoirs of Painting; The Year's Art, 1880 and each succeeding 
year ; The Connoi^ur, by F. S. Robinson ; and Les rentes de 
tableaux, dessins et objets dart au XIX* Sibcle (chiefly French), 
by L. SouLLifs. e.*) 

Art SOClatiaSa — in banding themselves into 
societies and associations artists have always been especially 
remarkable. The fundamental motive of such leaguing 
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together is apparont, for, by the establishment of societies, 
it becomes possible for the working members of these to 
hold exhibitions and thereby to obtain some compensation 
or reward for their labours. With the growth of artistic 
practice and public interest, however, art societies have 
been instituted where this primary object is either absent 
or is allied to others of more general scope. The further- 
ance of a cult and the specializing of work have also given 
rise to many new associations in Great Britain, besides the 
Royal Academy (f/.v.). At the outset, therefore, it will 
bo well to mention the leading art societies thus described. 
The (now Moyal) Society of Paintern in Water Cohmrs^ 
founded in 1804, and the (now RoyaX) Society of Jiriiieh 
ArtutB (1823), are typical of those societies which exist 
merely for purposes of holding exhibitions and conferring 
diplomas of membership. The Artiet^ Society^ formed in 
1830, has for its object the providing of facilities to enable 
its members to perfect themselves in their art. To tliis end 
there is a good library of works on art, and abundant 
opportunities are afforded for general study from the 
life. In the furtherance of a cult the Japan Society^ 
devoted to the encouragement of the study of the arts and 
industries of Japan, is a typical example ; and the Society 
of Mezzotint Engravers is representative of those bodies 
formed in the interests of particular groups of workers. 
One of the remarkable features in the history of art in Great 
Britain has been the rapid increase of the artistic rank and 
file. Taking the number of exhibitors at the princifial 
London and provincial exhibitions, it is found that in the 
period 1885-1900 the ranks were doubled. At the end 
of the 19th century it was estimated that there were 
quite 7000 practising artists. Coincident with this as- 
tonishing development there has been a corresponding 
addition of new art societies and the enlargement of older 
bodies. For instance, the membership of the Royal Society 
of British Artists advanced in the jxjriod mentioned from 
80 to 150. Similar extensions can be noted in other 
societies, or in such a case as that of the Royal Institute 
of Painters in Water Colours^ where the membership has 
remained fixed, it is to be noticed that more space is given 
to the works of outsiders. But the expansion of older 
exhibiting societies has not proved sufficient. Portrait 
j)ainters, jiastellists, designers, miniaturists, and women 
artists have felt the necessity of forming separate coteries. 
Interesting though these movements from 'within may be, 
the growth of societies originating in the spirit of altruism 
associated with such names as Ruskin and Kyrle is equally 
instructive. Nearly all these are the products of the last 
quarter of the century and include the Sunday Society, 
which in 189G secured the Sunday ojicning of the National 
Museums and Galleries in the Metropolis. 

The specializing of study and work has also given rise to 
much artistic endeavour. For a long time archapology — 
British and Egyptian — claimed almost exclusive attention. 
Latterly the arts of India and Japan have engaged much 
notice, and societies have been organized to further their 
study. Finally, bands of workers in particular branches of 
art have felt the need of clubbing together in order to j)ro- 
tect their special interests. A slight suspicion of tmde- 
unionism is attached to some of these ; but on the whole 
the establishment of such bodies as the Society of Blue- 
trators, the Society of Designers, and the Society of Mezzotint 
Engravers has been with a view to advancing the public 
knowledge of the merits of these branches of artistic 
enterprise. 

Exhibiting Societies, — ( a) Old Established , — ^These 
in London are : The Royal Academy, the Royal Water 
Colour Society, the Royal Institute of Painters in Water 
Colours, the Society of Oil Painters, and the Royal Society of 
British Artists, In the provinces, the Birmingham Royal 
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Society of Artists\iSdA been in existence seventy-four years, ard 
has a life academy with professors attached. (6) Modem.- 
In this category are many which reflect the freshness and 
spirit of the enterprise shown duiing the last twenty- 
five years. Such a body as the Nciv English Art Chd, 
founded in 1885 as a protest against all other art socictu»s, 
achieves its purpose by exhibition only. The Royal Sonet y 
of Painter -Etchers and Engravers, consisting of fellows 
and ass(x:iate8, not exceeding 150 in all, conserves the 
interests of a numerous body of workers, and, in addition to 
holding exliibitions, confers diplomas (R.E. and A.R.E.) on 
the exhibitors of meritorions (»tchings or engravings. The 
Society of IF (men Artists (formerly the Society of Lady 
Artists) is wholly devoted to the display of works by 
female artists, and in 1891 the Society of Portrait Painters 
was formed to carry out the object conveyed in its title. 
Two associations advance the art of the miniature painter, 
and the Pastel Smiety, formed in 1898, holds displays of 
members* work at the Royal Institute Galleries. In Scot- 
land there is the Royal Scottish Academy. Tht* Royal Scot- 
tish Society of Painters in Water Colours (Glasgow) grants 
the title R.S.W. to its meniliers, and tlie Society of Scottish 
Artists (Edinburgh), founded in 1891, has a membership 
of nearly 500 young artists. Other exhibiting societies 
which call for mention are : The Y err kshire Fnion of Artists 
(Le^sds), which consolidates many local societies ; the Not- 
tingham Society of Artists, wdiich also encourages drawing 
from the living mcidel ; and similarly the Liver Sketching 
Club (Liverpool), founded nearly thirty years ag(», w’hich, 
in addition to holding an annual exhibition, de\otes four 
nights a week to drawing from life. 

Societies of Instruction and Popular Encourage- 
ment. — It is under this head that the chief evidence of 
the modern art revival will lie found. First it should lie 
noted that there are very few societies designed for the 
artistic improvement of artists. The Artists^ Society 
has already been mentioned ; and the Art Workers^ Guild, 
which meets at Clifford's Inn Hall, provides meetings, from 
which the public is excluded, wiiere profitable discussions 
take place on questions of craft and design. But, as a rule, 
the art society, of which only artists are members, is 
organized for exhibition purjioses ui for the protection of 
interests. With regard to those societies of jiopular and 
educational intention the old Society of Arts in the Adolphi, 
founded in 1754, enjoys a good record. Numerous lectures 
on art subjects liave from time to time been given, and in 
1887 a scheme was devised by whicli awards arc made to 
student-workers in design. The Society for the Encourage- 
ment of the Fine Arts (Conduit Street) has also laboured 
during the last half-<*entury to increase a technical know- 
ledge, its members holding conversazioni at various picture 
galleries. The Artists' and Amateurs' Conversazione, insti- 
tuted in 1831, which used to meet at the l*iccadilly 
Galleries and is now defunct, carried out a similar plan. 
Two other societies, now obsolete, should be mentioned 
whose methods wxtc directly educational. The Arundel 
Society, w'hich for many years promoted the knowledge of 
art by copying and publishing important works of ancient 
masters, issued to its members on imyment of annual 
subscriptious, was eventually wound up on the last 
day of 1897. The Intei'iuitirmal Chalcoip^aphical Society, 
formed for the study of the early history of engraving — 
its committee consisting of Messrs Sidney Colvin, Georges 
Duplessis, F. Lippmann, and Baron Edmond de Rothschild 

also did useful w'ork. Another associatioN of painters, 

sculptors, architects, and engravers, the Graphic Society, 
ceased on the 29th October 1890. This was one of the 
most interesting of societies, and its meetings, at which 
rare works of art were exhibited and discussed, were held 
in the Flaxman Gallery at University College. A very 
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active educational body, originated in 1888, namely 
the Royal Drawing Society^ has for its definite object 
the teaching of drawing as a means of education. 
The methods of instruction are based on the facts that 
very young children try to draw before they can write, 
and that they have very keen perception and retentive 
memory. The society aims, therefore, at using drawing 
as a means of developing these inmite characteristics of the 
young, and already nearly 300 important schools follow 
out its system. Lord Leighton, Sir John Millais, and 
Sir Edward Jlurne- Jones took an active part in the 
society’s labours. The Art for ScJwoh AModatim,^ founded 
in 188.3, hits also done steady work in endeavouring to pro- 
vide schools with works of art. These are chiefly repro- 
ductions of standard works of art or of historical and 
natural subjects. The wave of enthusiasm aroused by Mr 
Kuskiii’s teoi^hings caused SocietieH of the Rom to be founded 
in London, Manchester, Sheffield, Birmingham, Aberdeen, 
and Glasgow ; but some of those eventually cejised active 
work, to be revived again, however, by the R'mkvn Union^ 
formed in the year of the great writer’s death (1900). 
Most of these societies were formed in 1879 ; but it should 
not be forgotten that two years earlier the Kyrie Sanity was 
started with the object of bringing the refining and cheer- 
ing influences of natuiul and artistic beauty to the homes 
of the people. Under the presidency of Earl Hrownlow, 
the llorne Arts and Industries Assoeuituyti continues a work 
which was started in 1884, and antieijmted much of the 
present system of technical education. Voluntary teachers 
organize classes for working i^eople, at which a practical 
knowledge of art handiwork is taught. In remote or poor 
districts isolated workers are also assisted. Training claases 
for voluntary teiichers are held in such varied pursuits 
as bent iron work, spinning, embroidery, and smocking. 
An interesting tyjie of society has been established in 
Bolton, Lanciishire. Under the title of an Arts Guild the 
members, numbering over 200, devote themselves to the 
advancement of taste in municipal improvements. 

Societies of Spk(Ua.i. Study, Practice, and Protec- 
tion. — Under this head should be placed those associations 
which affect a cult, or are composed of particular workers, 
or which protect pulilic or private interests. Perhaps the 
chief of the first kind is the Japan Society, which, since its 
inception in 1892, has l>een joined by over 900 members 
interested in nuitters relating to Ja|)auese art and industries. 
The Diirer Society, formed in 1897, has for its main object 
the reproduction of works by Albijrt Durer, and his Gennan 
and Italian contemporaries, and is in a way the successor 
to the defunct Arundel Society. In this category of 
sixjcial study the Society for the Encourage tnent and 
Preservation of Indian Art may also he jflaced, and 
the Egypt Exploration Fund, The Rmkin Union may 
also be mentioned again in this connexion. Of the societies 
of sfiocial ])mctice it lias already been noticed that some are 
purely exhibiting associatioas, such as the Portrait Painters, 
the Pastel Sfmety, and the two miniature bodies. The 
formation of the Society of Mezzotint Engi'avers in 1898 is 
an example of the leaguing together of jiarticular workers 
to call attention to their inUTcsts. Original and translator 
engravers, together with collectors and connoisseurs, com- 
prise the memlxjrship. The decaying art of wood engraving 
is also fostered by the Intei'natwnal Society of Wood En- 
gravers, and the Society of Designers, founded in 1896, safe- 
guards the interests of professional designers for applied 
art, without holding exhibitions. Special practice and pro- 
tection are also considered by the Society of Illustrators, 
composed of artists who work in black and white for the 
Illustrated press. This society was inaugurated in 1894, 
and fifteen of the members of the committee must be active 
workers in illustration. As an instance of the tendency of 
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art workers to combine, the Society of Art Masters is a good 
illustration. This is an association of teachers of art schools, 
controlled by the art branch of the Board of Education, 
and has a membership of over 200. Good work of 
another kind occupies the Rational Trust for Places of 
Historic Interest or Natural Beauty, The Council of the 
Trust includes representatives of suclx bodies as the National 
Gallery, the Boyal Academy, the Boyal Society of Riinters 
in Water Colours, the Society of Antiquaries, the Royal 
Institute of British Architects, the Universities, Kyrie 
Society, Society for the Protection of Ancient Buildings, 
and the Selborne Society. 

Foreign Art Societies. — The following are brief par- 
ticulars of the chief art societies elsewhere than in Great 
Britain : — 

Austria. — Vienna, Vereinigung hildender Kvemtler Osterreichs 
(Society of Austrian Painters) and the Jssociatum of Viennese 
Artists (L* Association des artistes de Vienne). 

Belgium. — Brussels, Soddtd des Beaux Arts, the Libre EsthUique, 
SocUtd des AquarellissUs et PaMelliStes, Soadtd royale Beige des 
Aqvarellistes^ and nuincrons private societies (cercles) in Brussels, 
Antwerp, Liege, Ghent, and other cities. 

Fiianob. — Paris, the SocUU des Artistes Francis (The Salon), 
Sociiti Nationale des Beanx Arts (The New Salon), Soddti des 
Aq%ULrellisUs, Exhibiting societies are the SocUtd des , Artistes 
Iilddpendants, Sociitd des OrierUalistes, and Salmi des Pastelltstes, 

Germany. — The small local societies are affiliated to one lar^e 
|)arent body, the Deutsche Kunstlergenosscnsehaft, in Berlin 
under the ]>reHidency of Anton von Werner. The Deutsche Illus- 
tratorenverlmnd watches over the interests of illustrators and 
designers. In Munich there are two bodies — the Old Society of 
Artists, holding its exhibitions in the Glasmlast, and the Secession, 

Italy. — Four exliibitiug societies : Komo, SocutA in Arte 
Libertas, Seuela degli Ayuarellisti ; Milan, Famiglia Artxstica, 
Societa degh Artiste ; Florence, Circolo Artist ico ; Naples, Instituti 
di Belli Arti, 

PoiiTiTGAL. — Sociedade promotora das BellaS’Artes and Oremio 
Artistico, 

Russia. — Tliere is no exclusively art society of importance, but 
there is at St Petersburg the SoetdlS Littdraire et Artistique. 

Si»AiN. — Madrid, JjAssociatum des Artistes Espagnols, 

Sweden. — S toekhohii, Uvenska Kinistuareruas Furening, 

Switzerland. — Berne, La SoddU des Peintres et Sculpteurs 
Sutsses. 

United States. — New York, the Academy of Fine Arts, tho 
Freneh Institute; Boston, Massachusetts Jnsiitxite of Technology 
(founded 1861 ). (a. c. R. c.) 

Art Teaching'. — It is the tendency of all de- 
partments of the human mind to outgrow their original 
limits. Traditions of teaching are long-lived, esiiecially in 
art, and new ideas only slowly displace the old, so that 
art teaching as a whole is seldom abreast of the ideas and 
practice of the more advanced artists. The old academic 
system adapted to the methods and aims in art in the 18th 
century, which has been carried on in the principal art 
schools of Great Britain with but slight changes of method, 
consisted chiefly of a course of drawing from casts of antiiiue 
statues in outline, and in light and shade, without back- 
grounds, of anatomical drawings, iiersixsctive, and drawing 
and jiainting from the living model. Such a training seema 
to hie more or less a response to Lessing’s definition of 
piinting as “the imitation of solid bodies upon a plane 
surface.” It seems to have been influenced more by the 
sculptor’s art than any other. Indeed, the academic teach- 
ing from the time of the Italian Renaissance was no doubt 
principally derived from the study of antique sculpture ; 
the proportions of the figure, the style, pose, and sentiment 
being all taken from Graeco-Roman and Roman sculptures, 
discovered so abundantly in Italy from the 16th century 
onwards. As British ideas of art were principally derived 
from Italy, British acaulemics endeavoured to follow the 
methods of teaching in vogue there in later times, and so 
the art student in Great Britain has had his attention and 
efforts directed almost exclusively to the representation of 
the abstract human form in abstract relief. Traditions in 
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art, however, may sometimes prove helpful and beneficial, 
and preservative of beauty and character, as in the case 
of certain decorative and constructive arts and handicrafts 
in common use, such as those of the rural waggon-maker 
and wheelwright, and horse-harness maker (see Academy, 
Royal). 

Some schools of painting, sculpture, and architecture 
have preserved fine and noble traditions which yet allowed 
for individuality. Such traditions may be said to have 
been characteristic of the art of the Middle Ages. It often 
happens, too, when many streams of artistic influence meet, 
there may be a certain domination or ascendency of the 
traditions of one art over the others, which is injurious in 
its effects on those arts and diverts them from their true 
path. The domination of individualistic painting and 
sculpture over the arts of design during the last century 
or two is a case in point. 

With the awakening of interest in industrial art — 
sharply separated by pedantic classification from fine art 
— which began about the middle of the 19th century, 
schools of design were established which included more 
varied studies. Even as early as 1836 a Government 
grant was made towards the o|)eniug of public galleries 
and the establishment of a normal school of design with a 
museum and lectures, and in 18.37 the first school of design 
was opened at Somerst^t House. In 1840 grants were made 
to establish schools of the same kind in provincial towns, 
such as Manchester, Birmingham, Glasgow, Leeds, and 
Paisley. The names of G. Wallis in 1847, and Ambrose 
Poynter in 1850, are associated with schemes of art in- 
struction adopted in the Government art sc>hools, and the 
year 1851, the year of the Groat Exhibition, was also 
marked by the first public exhibition of students’ works, 
and the first institution of prizes and scholarshiyis. In 
1852 “the Dejiartment of Practical Art” was constituted, 
and a museum of objects collected at MarUnirough House 
which afterwards formed the nucleus of the future museum 
at South Kensington. In 1853 ‘‘The Deimrtment of 
Science and Art ” was established, and in 1857, under the 
auspices of Henry Cole, the offices of the department and 
the National Art Training School were removed from 
Marlborough House to Houth Kensington. Classes for in- 
struction in various crafts had been carried on both at 
Somerset House and Marlborough House, and the whole 
object of the Government schools of design was to give 
an artistic training to the designer and craftsman, so that 
he could carry back to his trade or craft improved taste 
and skill. The schools, however, b(‘came largely filled by 
students of another tvfie — leisured amateui’s who sought 
to acquire some artistic accomplishment, and even 
in the case of genuine designers and craftsmen who 
developed pictorial skill in their studies, the attraction 
and sut)erior social distinction and possibility of superior 
commercial value accruing to the career of a iiainter of 
easel pictures, diverted the schools from their original 
purpose. 

For some time after the removal to South Kensington, 
during the progress of the new buildings, and under the 
direction of Godfrey Sykes and F. W. Moody, practical 
decorative work both in modelling and iMiinting was carried 
out in the National Art Training School ; but on the com- 
pletion of these works, the school relapsed into a more or 
less academic school on the ordinary lines, and was regarded 
chiefly as a school for the training of art teachers and 
masters who were required to pass through certain stereo- 
typed courses, and execute a certain series of drawings in 
order to obtain their certificates. Thus model-drawing, 
freehand outline, plant-drawing in outline, outline from 
the cast, light and shade from the cast, drawing of the 
antique figure, still life, anatomical drawings, drawing and 
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painting from the life, ornamental design, historic studies 
of ornament, perspective, and geometry, were all taken up 
in a cut-and-dried way, as isolated studies, and with a view 
solely to obtaining the certificate or passing an examina 
tion. This theoretic kind of training though still in force, 
and though it enabled the dcjiartiiient to turn out (jerti- 
ficated teachers for the schools of the country of a certain 
standard, and to give to students a general theoretic idea 
of art, has bet>ii hmnd wanting, since, in practice, when 
the student in design leaves his sc'liool and desires t<j take 
up practical work as a. designer oi craftsman, he requires 
Hpecud knowledge, and s|jecialized skill in design for his 
work to be of use ; and though he may l>e able to impart 
to others what he himself has laboriously acijuired, the 
theoretic and general character of his training proves of 
little or no use, face to face with the ever shifting and 
changing demands of the modern manufacturer and the 
modern market. 

A growing conviction of the inadequacy of the schools 
of the Science and Art 1 department (no^ the Board of 
Education), considered as training grounds for puictical 
designers and craftsmen, led to thii establishment of 
new technical schools in the piiiicipal towns of (areat 
Britain. The circuinstance of certain largi‘ sums, diverted 
from their original purpos(‘ of conqiensation to brewers, 
lacing available for educational pui])Obes and at the dis- 
|X)8al of the county councils and municipal bodies, 
providtid the means for th(^ building and etiuipment 
of these new technical schools, which in many cases 
are under the same roof as the ait school in the pro- 
vincial towns, although the connexion betwetm the two 
is not so close as might lie dt'sirable. The art schools 
formerly managed by private committees and sujiported 
by private donors, assisted by the Government grants, are 
now, in the principal industrial towns of Great Britain, 
taken over by the municipality. Birmingham is singularly 
well organized in this respect, and its art school has 
long held a leading position. The school is well housed 
in a new building with class-rooms with every appliance, 
not only fur the drawing, designing, and modelling sidt‘, 
but also for the jiractice of artistic handicrafts such as 
metal re|M)us8e, enamelling, wood-carving, embroid«Ty, <kc. 
The municipality have also established a jewellery school, 
so as to associate the practical study of art with local 
industry. Manchester will shortly have a large new 
I technical school, inttuided to combine the work of the 
I existing technical school in Bnneess Street and the w'eav- 
I ing schriol in Peter Street under one roof, with special 
! classes for design ; while the art school in Cavendish Street, 

I with its museum, may remain as a high school of design, 
painting, and modelling. In Glasgow, which has nf»w a 
distinct place in the modern d(*velopinent of art, both 
decorative and pK'torial, under the head mastership of Mr 
Francis H. Newbery, the art schools are also under 
munieiiml management, and large new premises have been 
completed for the extension of work in the technical and 
practical direction. Ijcdeester has an admirably equipped 
and organized art school in a fini* building. 

The inqKirtant change involved in the incorporation of 
the Sc-ienee and Art Department with the Board of 
Education has also led to a reorganization of the Royal 
College of Art. A sjiecial Council of Advice on art 
matters has lieeii appointed, consisting of representatives 
of painting, sculpture, architecture, and design, who deal 
with the Royal College of Art, and appoint yio professors 
who control the teaching in the classes for architecture, 
design and handicraft, decorative painting and sculpture, 
modelling, and carving. The council decide upon the 
curriculum, and examine and criticize the work of the 
college from time to time. They also advise the Board in 
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regard to the eyllabus issued to the art schools of the 
country, and act as referees in regard to purchases for 
the museum. New buildings for the Royal College of 
Art will be added to the new museum building now in 
course of erection. There will be a lower and a higher 
school in the college, and provision will be made for the 
practice of the artistic handicrafts. An etching and on- 
graving class has existed since 1864. A stained -glass 
class was instituted in 1 899, and these will be followed 
by classes for stone and marble carving, for metal work, 
and for pottery, while others will be added as space and 
organization admit. 

Of other institutions for the teaching of art, outside 
the Science and Art Department, the following may bo 
named : The Royal Drawing Society of Grciat Britain 
and Ireland, which was formed principally to promote the 
teaching of drawing in schools as a means of education. 
The system therein adopted differs from the ordinary 
drawing courses, and favours the use of the brush. Brush- 
work has generally been adopted for elementary work, too, 
by London school-board teachers, drawing being now a 
coinjiulsory subject. Remarkable results liave been obtained 
by the Alma Road board schools in the teaching of boys 
from eight to twelve by giving them spacers to fill with 
given forms — ^leaf shapes — from which patterns are con- 
structed to fill the spaces, brush and water-colour l)eing 
the means employed. At the Female School of Art in 
Queen Square, London, classes in drawing and painting 
from life are hold, and decorative design is also studied. 
At the Herkomer Incorporated School at Bushey, directed 
by Prof. H. von Herkomer, R.A., according to his own 
methods, students are instructed in drawing, painting, 
and engraving. The school is limited to 100 students. 
The City and Guilds of London Institute has two depart- 
ments for what is termed “ applied ” art, one at the South 
London School of Technical Art, and the other at the Art 
De])artment in the Tt'chnical College, Finsbury. There 
are also the Royal School of Art Ncicdlework , the School 
of Art Wood-carving ; and the School of Art at the 
Crystid Palace. The Slade School of Drawing, Painting, 
and Sculpture, University College, Gower Street, confines 
itself to drawing and jiainting from the anticiue and life, 
and exercise in pictorial composition. There are also 
lectures on anatomy and perspective. The Slade fto- 
fessorships at Oxford and Cambridge Universities are 
concerned with the teaching and literature of art, but they 
do not concern themselves with the practice. There are 
also, in addition to the schools of art named and those in 
connexion with the Board of Education in the various 
districts of London and the country, many and various 
private schools and clubs, such as the Langham and 
‘‘ Heatherley’s,'* chiefly concerned in encouraging drawing 
and painting from the life, and for the study of art 
from the pictorial point of view, or for the pro{)aratiou of 
candidates for admission into the Royal Academy or other 
schools. 

A general survey, therefore, of the various institutions 
which are established for the teaching of art in Great 
Britain gives the impression that the study of art is not 
neglected, althougli, fierhaps, further inquiry might show 
tliat, compariMi to the great educational establishments, 
the proportion is not excessive. With the board schools 
teaching art, as well as the municiiml art schools and 
schools in connexion with the Board of Education, the 
danger is of ^waste of energy and of overlapping in the 
various courses. This danger suggests that a weU-defined 
progressive system might be arranged so that a school- 
board scholar who shows artistic ability might be enabled 
to pi^ss on from the elementary classes in one school to the 
higher art and technical schools, secondary and advanced, 


ACHING 

without retracing his steps, thus escaping the depression 
of going over old ground. 

The {general moTement of revival of interest in the arts of 
decorative design and the allied handicrafts, with the desire to 
re-establish their influence in art-teaching, has been due to many 
causes, among which the work of the Arts and Crafts Exhibition 
Society may count as important. From the leading members of 
this body the London County Council Technical Education Board, 
when it was face to face with the problem of organizing its 
new schools and its technical classes, sought advice and aid. 
Success has attended their schools, especially the Central School 
of Arts and Crafts at Morley Hall, Kef^nt Street The object of 
the school is to provide the craftsman in the various branches of 
decorative design with such moans of improving his taste and skill 
as the workshop does not afford. It does not coucem itself with 
the amateur or with theoretic drawing. The main difference in 
principle adopted in this school in the teaching of design is the 
absence of teaching design apart from hxmAi&raft, It is considered 
that a craftsman thoroughly acquainted with the natural capacities 
of his material and strictly understanding the conditions of his 
work, would be able, if he hod anv feeling or invention, to design 
appropriately in that material, ana no dealing can be good apart 
from a knowledge of the material in which it is intended to be 
earned out. It should be remembered too that graphic skill in 
representing the appearances of natural objects is one sort of skill, 
and the executive skill of the craftsman in working out his design, 
say, in wood or metal, is quite another. It follows that the works 
of drawing or design made by the craftsman would be of quite a 
different character from a pictorial drawing, and might be quite 
simple and abstract, while clear and accurate. The training for 
the pictorial artist and for the craftsman would, therefore, 
naturally be different. 

The character of the art-teaching adopted in any country must 
of course depend U|>on the dominant conception of art and its 
function and purpose. If wo regard it as an idle accomplishment 
for the leisured few, its methods will be amateurish and superficial. 
If we regard art as an important factor in education, as a language 
of the intelligence, as an indis^iensablo companion to literature, vie 
shall favour systematic study and a training in the power of direct 
expression by moans of line. We shall value the symbolic drawing 
of early civilizations like the Egyptian, and symbolio art generally, 
and in the history of decorative art wo shall find the true acoom* 
])animent and illustration of human history itself. From this 
point of view we shall value the acquisition of the power of draw- 
ing for the purpose of presenting and explaining the facts and 
forms of nature. Drawing will be the most direct means at the 
command of the teacher to explain, to expound, to domonatrate 
where more words are not sufficiently definite or explicit. Drawing 
in this sense is taking a more important place in our education, 
especially in primary education, though there is no need for it to 
stop there, and one feels it may bo destined to take a more im- 
I portant position both as a training for the eye and hand and an 
aid to the teacher. Then, again, we may regard art more from its 
i social aspect as an essential ancoirifMiuimont of human life, not 
only for its illustrative and depicting powers, but also and no less 
fur its pleasure-giving profierties, its power of awakening and stiriin- 
lating the observation and sympathy with the moods of nature, 
its power of touching the emotions, and above all of appealing 
to our sense of beauty. We shall regard the study of art from 
this point of view as the greatest civilizer, the most permeating of 
social and human forces. Such ideas as these, shared no doubt 
by all who take pleasure and interest in art, or feel it to bo an 
im^iortant element in their lives, are crossed and often obscured 
by a multitude of mundane considerations, and it is probably out 
of the struggle for ascendeu^ between these that our systems of 
art teaching are evolved. There is the demand of the right to 
live on the part of the artist, and the teacher of art There is the 
demand on the part of the manufacturer and salesman for such art 
as will help him to dispose of his goods. In the jiresent commercial 
rivalry between nations this latter demand is brought into pro- 
minent relief, and art is apt to be mode a minister, or perhaps a 
slave to the market These are but aocidental relationsnips with 
art. All who care for art value it as a means of expression and 
fur the pleasure and lieanty it infuses into all it touches, or as 
essential and inseparable from life itself. Seeing then the im- 
portance of art from any point of view, individual, social, com- 
mercial, intellectual, emotional, economic, it should be important 
to us in our systems of art-teaching not to lose sight of the end in 
arranging the means — not to allow our teaching to be dominated 
by either dilettantism or commercialism, neither to be feeble for 
want of technical skill, nor to sacrifice eveiything to technique. 
The ti\ie object of art-teaohin^ is very much like that of all educa- 
tion — to inform the mind, while you give skill to the hand — not 
to impose certain rigid rules, or fixed reoipes and methods of work, 
but while giving instruction in definite methods and the use of 
materials, to allow for the individual development of the student 
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and enable him to acquire the power to express himself through 
ditferent media without forgetting the mmmar and alphabet of 
design. Practice may vary, but princiides remain, and there is 
a certain logic in art, as well as in reasoning. All art is con- 
ditioned in the mode of its exnression by its material, and even 
the most individual kind of art has a convention of its own by the 
very necessities and means of its existence. Methods of expression, 
conventions alter as each artist, each age seeks some new interpre- 
tation of nature and the imagination — the well-springs of artistic 
life, and from these revivingstreams continually flow new harmonies. 


new inventions, and recombinations, taking form and colour accord- 
ing to the tem^raments which give them birth. (w. Cn.) 

ArtBf a frontier town of N.W. (lrcece,m the ])rovince 
of Arta, 59 miles N.N.W, of Mesolonghi, on the river 
Arta, which enters the Gulf of Arta some distance .south 
of the town. The battle of Actium was fought near the 
mouth of the gulf in 139 b.c. The population is now about 
7000. 


AKTHEOPODA 


A RTHROPODA is the name of one of the three sub- 
phyla into which one of the groat phyla (or primary 
branches) of coelomocoelous animals — the Appendiculata 
— is divided ; the other two being respectively the Chasto- 
poda and the Rotifera. The word “ Arthropoda ” was first 
used in classification by Siebold and Stanuius {Lehrlmch der 
vergleich Anatoniie^ Berlin, 1845) as that of a primary 
division of animals, the others recognized in that treatise 
being Protozoa, Zoophyta, Vermes, Mollusca,andVertebrata. 
The names Condylopoda and Gnathopoda have been subse- 
quently proposed for the same group. The word refers to 
the jointing of the chitinized exo-skeleton of the limbs or 
lateral apiJendages of the animals included, which are, 
roughly speaking, the Crustacea, Arachnida, Hexa- 
poda (so-called “true insects”), Centipedes, and Milli- 
pedes. This primary group was set up to indicate 
the residuum of Cuvier’s Articulata when his class 
Annelides (the modern Chsetopoda) was removed from 
that ** embranchement.” At the same time Siebold 
and Stannius renovated the group Vermes of Linnaeus, 
and placed in it the Chaetopods and the parasitic 
worms of Cuvier, besides the Rotifers and Turbellarian 
worms,^ 

The result of the knowledge gained in the last quarter 
of the 19th century has been to discredit altogether the 
grouj) Vermes, thus set up and so largely accepted by 
Grerman writers even at the jiresent day. We liave, in 
fact, returned very nearly to Cuvier’s conception of a great 

^ As a matter of fact the group Arthropoda itself, thus constituted, 
was precisely identical in its area with the class Insccta of Llunuius 
the Kntoma of Aristotle. But by causes which it is not easy to trace 
the word * * Insect ” had become limited since tiie da) s of linmeus 
to the Hexapod Pterygote forms to the exclusion of his Aptera. 
Lamarck’s penetrating genius is chiefly responsible for the shrinkage 
of the word Jnsecta, since it was he wlio, forty years after Linnseus’s 
death, set up and named the two great classes Crustacea and Arachnida 
(included by Liuiueus under Insecta as the order “ Aptera "’), assign- 
ing to them equal rank with the remaining Insecta of Linineus, lor 
which he proposed the very appropriate class -name “Hexapoda.” 
Lamarck, however, appears not to have insisted on this name Hexa- 
poda, and so the class of Pterygote Hexapods came to retain the 
group-name Insecta, which is, historically or etymologically, no more 
appropriate to them than it is to the classes Crustacea and Arachnida. 
The tendency to retain the original name of an old and comprehensive 
group for one of the fragments into which such group becomes divided 
by the advance of knowledge — instead of keeping the name for its 
logical use as a comprehensive term, including the new divisions, each 
duly provided with a new name — is most curiously illustrated in the 
history of the word Physiology. Cicero says, “ Physiologia natiiriS 
ratio,” and such was the meaning of the name Physidogust given to 
a cyclopaedia of what was known and imagined about earth, sea, sky, 
binls, beasts, and fishes, which for a thousand years was the authori- 
tative source of information on these matters, and was translated into 
every European tongue. With the revival of learning, however, first 
one and then another special study became recognized — anatomy, 
botany, zoology, mineralogy, until at last the great comprehensive 
term Physiology was bereft of all its once-incinded subject-matter, 
excepting the study of vital processes pursued by the more learned 
members of the medical profession. Professional tradition and an 
astute perception on their part of the omniscience suggested by the 
terms, have left the medical men in English-speaking lands in undis- 
turbed but illogical possession of the words physiology, physic, and 
physidan. 


division or branch, which he called Articulata, including 
the Arthropoda and the ChiBtopoda (Annelides of Lamarck, 
a name adopted by Cuvier), and differing from it only by 
the inclusion of the Rotifera. The name Articulata, in- 
troduced by Cuvier, has not been retained by subsequent 
writers. The same, or nearly the same, assi'inblage of 
animals has been called Rntomozoaria by Do Blainville 
(1822), Arthrozoa by Burmeister (1843), Entomozoa or 
Annellata by Milne -Edwards (1855), and Annulosa by 
M‘Leay (1819), who was followed by Huxley (1856). 
The character jiointed to by all these tc*rms is that of a 
ring-liko segmenUtion of the body. This, however, is 
not the character to which we now ascribe the chii'f weight 
as evidence of the genetic affinity and monophyletic (uni- 
ancestral) origin of the Chaito])ods, Rotifers, and Arthro- 
pods. It is the existence in each ring of the body of a 
pair of hollow lateral appendages or parapodta, moved by 
intrinsic muscles and penetrated by blood-spaces, which is 
the leading fact indicating the afiinitics of these great 
sub -phyla, and uniting them as blood -relations. The 
parapodia (Fig. 7) of the marine branchiate woims are 
the same things genetically as the “legs” of Crus- 
tacea and Insects (Figs. 9 and 10). Hence the term 
Appendiculata was introduced by Lankester (preface to 
the English edition of Gegenbaur’s Coniparatim Ana- 
totng^ 1878) to indicate the group. The n?latioii8hip8 
of the Arthropoda thus stated are shown in the sub- 
joined table ; — 

( Sub-phylum 1. Rotifera. 

Phylum- A PPENDiCULATA-j „ 2. Chastopoda. 

( ,, Artliropoda. 

The Rotifera are characterized by the retention of what 
appears in Molluscs and (ffisetopods as an embryonic 
organ, the velum or ciliated prseoral girdle, as a loco- 
motor and food -seizing apparatus, and by the reduc- 
tion of the muscular parajiodia to a rudimentary or 
non-cxistent condition m all pi-esent surviving forms 
except Fedalion, In many important respects they are 
degenerate — reduced both in size and elaboration of 

structure. 

The Ch J 5 TOPOT)A are characterized by the possession of 
homy epidermic chietfle embedded in the integument and 
moved by muscles. Probably the chsetaB preceded the 
development of parajiodia, and by their concentration 
and that of the muscular bundles connected with them at 
the sides of each segment, led directly to the evolution 
of the parapodia. Tlie parapodia of Cha?topoda are 
never coated with dense chitin, and are, therefore, 
never converted into jaws; the primitive “head-lobe” 
or prostomium jicrsists, and frequently carries eyes and 
sensory tentacles. Further, in all memb|^r8 of the 
sub-phylum Chaetopoda the relative jiosition of the 
prostomium, mouth, and peristomium or first ring of the 
body, retains its primitive character. We do not find in 
Chmtopoda that parapodia, belonging to primitively post- 
oral rings or body-segments (called “ somites,” as proposed 
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by H. Milne-Edi^rds), pass in front of the mouth by 
a^ptational shifting of the oral aperture. (See, how- 
ever, 8.) 

The Abthuopoda might be better called the “ Gnatho- 
poda,” since their distinctive character is, that one or more 
pairs of appendages behind the mouth are densely chitin- 
ized and turned (fellow to fellow on opjiositc aides) towards 
one another so as to act as jaws. This is facilitated by an 
im[>ortant general change in the position of the parapodia ; 
their biiaal lattachments are all more ventral in jiosition 
than in the Chtetopodo, and tend to approach from the 
two sides towards the mid-ventral line. Very usually (but 
not in the Onychophora » Peripatus) all the parapodia are 
plated with chi tin secreted by the epidermis, and divided 
into a senes of joints — giving the “ arthropodous ” or 
hinged chiiiucter. 

There arc other remarkable and distinctive features of 
structure? which hold the Arthrojioda together, and render 
it im]iossible to conceive of them as having a polyphyletic 
origin, that is to say, as having originated separately by 
tw(j 01 * three distinct lines of descent from lower animals ; 
and, on the contrary, establish the view that they have 
been dev(?loped from a single line of primitive Gnatho- 
pods wliich arose by modification of paraixKliaU? annulate 
worms not very unlike some of the existing Chietopods. 
These additional features are the following — (1) All 
existing Arthropoda have an ostiate heart and have 
undergone “iihleboedesis,’* that is to say, the perij)heral 
portions of the blood-vascular system arc not fine tubes as 
they are in the Chaeto])oda and as they were in the hyjio- 
thetical ancestors of Arthropoda, but are swollen so as to 
obliterate to a large extent the ccelom, whilst the sejmrate 
veins entering the dorsal vessel or heart have coalesc(?d, 
leaving valvate ostia (see Fig. 1*) by which the blood passes 
from a jiericardial blood-sinus formed by the fused veins 
into the dorsal vessel or heart (see Lankester^s Zoology^ ])art 
ii., iiitroductoiy chapter. A. & C. Black, 1 900). The’only ex- 
ce])tioii to this is in the case of minute degenerate forms where 
the heart has disapjieared altogether. The rigidity of the 
integument caused by the deposition of dense chitin upon 
it is intimaU?ly connected with the physiologic^il activity 
and form of all the internal organs, and is undoubtedly 



Pxo. 1*. — Diagrnm to Hhow the gradual formation of the Arthropod iioricardial 
blood-sinuH and “ ostiaU* '* lu*art by the awelllng up (phlebtpdesis) of the 
veins entering the domal veeetd or heart of a Cluutopod-like ancestor. The 
figure on the left reprenents the condition in a ( hsetopod, that on the right 
the condition in an Arthropoil, the other two are hypotlictical intermediate 
forms. (After Jjankester, ./ Mtc Sn. vol. xxxiv. 1898.) 

correlated with the total disappearance of the circular 
muscular layer of the body- wall jiresent in Chsetopods. 
(2) In all existing Arthrojxxla the region in front of the 
mouth is no longer formed by the primitive prostomiuni or 
h^d-lobe, but one or more segments, originally post-oral, 
with their j|j)j»endages have passed in front of the mouth 
(prosthomeres). At the same time the prostoraium and its 
appendages cease to be recognizable as distinct elements of 
the head. The brain no longer consists solely of the norvo- 
ganglion-mass proper to the prostomial lobe, as in Chaeto- 
poda, but is a composite (syncerebrum) produced by the 
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fusion of this and the nerve-ganglion-masses proper to the 
prosthomeres or segments which pass forwards, whilst 
their parapodia (« appendages) b^ome convert^ into 
eye-stalks, and antennae, or more rarely grasping organs. 
(3) As in Ghaetopoda, ccelomic funnels (ccelomoducts) 
may occur right and left as jiairs in each ring -like 
segment or somite of the body, and some of these are 
in all cases retained as gouoducts and often as renal 
excretory organs (green glands, coxal glands of Arach- 
nida, not crural glands, which are epidermal in origin); 
but true nephridia, genetically identical with the 
nephridia of earthworms, do not occur (on the subject 
of coelom, ccelomoducts, and nephridia, see the intro- 
ductory chapter of part ii. of Laukester’s Treatise on 

1 Zoology), 

Tabular Statement of the Grades^ Classes^ and Sub* 

I classes of the Arthropoda, — ^It will be convenient now to 
I give in the clearest form a statement of the larger sub- 
divisions of the Arthropoda which it seems necessary 
to recognize at the present day. The justification of 
the arrangement adopted will form the substance of the 
rest of the present article. The orders included in the 
various classes are not discussed here, but are treated of 
under the following titles: — Peripatus (Onychophora), 
Myriapoda (Diplopoda and Chilopoda), Arachxida, 
Insecta (Hexapoda), and Crustacea. 

Sub-Phylum ARTHROPODA (of the Phylum 
Appendiculata). 

Grade A. Hyparthropoda (hypothetical forms connecting an- 
cestors of Clnctopoda with those of Arthropoda). 

Grade B. Protarthropoda. 

Class Onychopuoka. 

Ex. — Pcripattis, 

Grade C. Euarthropoda. 

Class 1. Diplopoda, 

E.V. — Jutus, 

Class 2. Akacunida. 

Grade a, Anomomeristica. 

Ex. — Ph-acops, 

Grade h. Nomomenstira. 

(а) Pantoj)oda. 

Ex, — Pycnogonuin, 

(б) Euarachnida, 

Ex — LvnmluSy 8corpio^ MygalCf Acarus, 

Class 3. Cbustacea. 

Grade a, — Entumostraca. 

Ex. — ApuSf BranchipuSf Cyclops^ Balanus, 

Grade b, Malacostraca. 

Ex. — Nebalia, Astacus^ Oniscus^ Gammarus, 

Class 4. Chilopoda. 

Ex. — Scolopendra. 

Class 5. Hexapoda (syn. Insccta Pterygota). 

Ex. — Locusta^ Phryganea^ Papilio^ Apis, Musca, Cimex, 
Lueanus, Machilis. 

Incertce Tardigrada, Peiitastomidec (degenerate forms). 

The Segmentation of tbs Body of Arthropoda, — The body 
of the Arthropoda is more or less clearly divided into a 
series of rings, segments, or somites which can be shown 
to be re]^>etitions one of another, possessing identical parts 
and organs which may be larger or smaller, modified in 
shai^e or altogether suppressed in one somite as coraj-iared 
with another. A similar constitution of the body is more 
clearly seen in the Clisetopod worms. In the Vertobrata 
also a rejietition of units of structure (myotomes, vertebrae, 
&c.) — ^which is essentially of the same nature as the 
repetition in Arthropods and Chaetopods, but in many 
respects subject to peculiar developments — is observed. 
The name metamerism ” has been given to this structural 
phenomenon because the “ meres,” or repeated units, follow 
one another in line. Each such “mere” is often called a 
** metamere.” This is not the place in which to discuss 
the origin and essential nature of “metamerism” or 
“metameric segmentation.” Nevertheless, a satisfactory 
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consideration of the stnictare of the Arthropoda demands a 
knowledge of what may be called the laws of metamerism. 
These are not so fully ascertained or formulated as might 
be expected. The repetition of parts, which we note as 
metamerism, is, as Haeckel, Bateson, and others have 
recognized, only a special case of a tendency of the organic 
body to repetition of structural units or parts which finds 
one expression in bilateral symmetry. In certain worms 
(the Cestoidea and some Planarians) metameric segmenta- 
• tion is accompanied by the separation of the completed 
metameres one by one from the older (anterior) extremity 
of the chain (strobilation), but it by no means follows that 
metameric segmentation has a necessary origin in such 
completion and separation of the “meres.” On the 
contrary, metamerism seems to arise from a j)rop(jrty of 
organisms which is sometimes more (eumorogenesis) and 
sometimes less (dysmerogenesis) fully exhibited, and in 
some groups not exhibited at all. The most complete and, 
at the same time, simplest instances of metameric segmcnta> 
tion are to be seen in the larger Chsetopods, where some 
hundreds of segments succeed one another — each practically 
indistinguishable in structure from the segment in front or 
from that behind ; muscles, right and leh ap])endage or 
parapodium, colour-pattern of the skin, gut, blood-vessels, 
cdjlom, nephridia, nerve-ganglion, and nerves are precisely 
alike in neighbouring segments. The segment which is 
least like the others is the first, for that carries the mouth 
and a lobe projecting beyond it — ^the prostomium. If (as 
sometimes happens) any of the hinder segments completes 
itself by developing a prostomium, the chain breaks at 
that jioint and the segment which has developed a pro- 
stomium becomes the first or head-bearing segment of a 
new individual. Compare such an instance of metameric 
segmentation with that presented by one of the higher 
Arthropods — the crayfish. Here the somites are 
not so clearly marked in the tegumentary structures; 
nevertheless, by examining the indications given by 
the paired parajiodia, wo find that there are twenty- 
one somites present — a limited definite number which 
is also the precise number found in all the higher 
Crustacea. 

Wo can state as a First Law ^ of mctainorisTn or somite formation 
that it is either iiidotinite in regard to number of metameres or 
somites produced or is definite. Animals in the first ease we rail 
aiiomomeristic ; those iii the second case, nomomeristic. The 
Tiomomoristic condition is a higher dovclopmont, a 8]icciaUzation, 
of the anomomeristio condition. 

The Second Law, or generalization, as to metamerism which must 
bo noted is that the meres or somites (oxcepting the first with its jno- 
stomium) may bo all practically alike or may aifVer from ono another 
greatly by modification of the various constituent parts of the 
more or somite. Metamerized animals are either homoeomoric or 
heteromcno. The refei*ence to the variation in the form of the 
essential parts contained in a “metamere” or ‘‘somite” introduces 
us to the necessity of a general term for these constituent or 
subordinate |)arts ; they may lie called “nieromes” (g^pos). 
The nieromes present in a nietamere or somite difler in different 
annulate or segmented animals according to the general organiza- 
tion of the group to which the animal lielongs. As a matter 
of convenieuce wo distinguish in the Arthropod as nieromes, first, 
the togunieiiiary chitinized plates called terga, placed on the 
dorsal aspect of the somites ; second, the similar sternal plates. 
In Ohietopods we should take next to these the masses of eirciilar 
and longitudinal muscular fibres of the body-wall and the dorso- 
yontral tdusoIoh. The latter form the third sort of mcromo })re8ent 
in the Arthropods. The fourth kind of merome is constituted by 
the parapodia or apiiendagcs ; the fifth by the codomic |K)uchos 
and their ducts ana external apertures (ccelomo-ducts), whether 
renal or genital. The sixth by the blood-vessels of the somite ; 
the seventh by the bit of alimentaiy tract which traverses it; 
and the eighth by the neuromere (nerve ganglion pair, commissures, 
connectives, and nerve branches). 


^ The word “ Law ” is used in this summary merely as a con- 
venient heading for the statement of a more or loss general pro- 
position. 
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It becomes apjiarent from this enumeration that there are a good 
many important elements or “nieromes ” in an Arthropod metamere 
or somite which can become the subject of lieterorncnsm or, to 
use a more apt word, of “ heterosis.” It is all the more necessary 
to insist upon this inasmuch as there is a temleucy m tlic discus- 
sion of the segmentation of the Arthropod boily to “rely exclusively 
uiKui the indications given by tlie tegumental y cliitiiuuis plates 
and the parapodia. 

The Third Law of metamerism is that hoteromerism may ojiciate 
in such a way as to produce definite icgions of like modification of 
the somites and their apfamdages, difleiing in their modification 
from that t»l>8erved in icgions fiefore and bcliind them. It is 
convenient to have a sjieciaf void foi huch remons of like mcics, and 
we call each a tagma (ray/ia. a regiment). Tlie \\oid “ tagmosis ” 
18 appUoablo to the formation of* hucli regions In the Cluctopods 
tagmosis always occurs to a small extent so as to foirni the head. 
In some ChrctojxMis, such as Chirtoptcrus and the sedentary forms, 
there is marked tagmosis, giving rise to three or even more tagmata. 
In Arthro|x)d8, besides the h(*ad, we find very frequently otlier 
tagmata developed. But it is to be in>ted that in tlie higher 
members of eacli great class or line of descent, the tagmosis becomes 
definite and characteristic just as do tlie total nundier of nicies or 
somites, wliilst in the lower grades of each great class ue find what 
may be regarded as varying exani]»les of leiitatne tagmosis. 1'he 
terms nomotagmie and iinomotagum* aie a]»]»li(ablo i\ith the 
same kind of implication as the tenns iiomomoristic and anomo- 
ineristic. 

The Fourth Law of mctanicrisin 'auto-heterosis of the ineromes) 
is that the moromos of a somite or .^‘^nes of somites may lie separatelv 
and dissimilarly affeeded by heleiomciism. It is eonimon enough 
for small changes only to occur in the inner visceral meromes vliilst 
the ap]>endages and terga or sterna are laigely ehaiigrd in form. 
But of equal iiiqiortanee is the indei>endeiit “heterosih ’ of these 
visceral nieromes without any coi responding heteiosis of the 
body W'ull. As instances, wo* may cite the gir/ards of various 
eartnwonns and tlie special localization of renal, genital, and 
gastric meronies, with obliteration elsewhere, in a few' somites iii 
Arihrojwda. 

The Fifth Law, relating also to the iiide]>cmlcncc of the nieromes 
as comiHired with the whole somite, is the law' of autoihythmiis of 
the meromes. Metameiism docs not always manifest itself in the 
foi Illation of complete new' segments; but one merome may be 
re|)eatcd so as to suggest several metameies, wlulbt the remaining 
meromes are, so to speak, out of hannony w'lth it and exhibit no 
icjwtition. Thus in the hinder somites of the body oi Afuis the 
Cnistacean we find a senes of segments corresponding apparently 
each to a complete single somite but when the apj>eiidages are 
examined wc find that tfiey have multiplied without relation to 
the other meromes of a somite ; wo find that tlie somites eariy 
from two to seven jiaire of ap]>endages, inci easing in nuinbei as w’c 
jiass backw'ards from the genital segment The aiqMnidages are 
autorhythmie meronies in this ease. They take on a quasi- 
indejiendont metameiism and arc inodueed in numbci-s which have 
no 1 elation to the numbers of the liody-rings, muscles, and neuro- 
meres. This |>ossibility of the mdrpcvdnit jiictamei ic miiltijilieation 
of a single merome must have great importance in tlie ease of 
dislocated meromes, and no doubt lias a])pli<'atiou to some of the 
niotamonn phenomena of Vertebrates. 

A ease wliicli ajmeare at first sight to be one of “ aiitorhythnius ” 
of the parai>odia is that of tlie Dijilopotls (.hilus, etc.), in which 
each ajiparent somite (>uincs tw'o jiaiiw of legs or jiarajiodia. It 
looks at first as though this w'ore duo to tfie indejieudent multi- 
plication of the legs ; but il is not. Contraiy to what obtains in 
Ajms, we find in Julus that there is a wcll-maiked somite in the 
embryo corresponding to onidi pair of legs and that the adult 
condition arises from a ,/nsto» of the tegumciitary meromes of 
adjacent somites (scf below “Fusion ”) 

The Sixth Law is the law of dislocation of meioines. This is a 
very important and stiiking phenomenon. A merome, such as a 
Tiair of aj)f>cndages (Araneaj) or a neuromere or a inuseiilar mass 
(frequent), may (by either a gradual or sudden process, wc cannot 
alw’avs say which) quit the metamere to which it belongs, and in 
which It “originated, and pass by actual jihysical iraiisfereiieo 
to another metamere Fiequeiilly this new position is at a 
distance of several metanuTes from tliat to which the wandei- 
iiig merome Isdongs in uiigin. The movement w more usual 
from behind foi wards than in the reverse direction; but this, 
probably, has no proround sigiiificaiiee and depiids simply on 
the fact that, ns a nile, the liead must be the chief region of 
development on account of its containing the sense organs and 

the mouth. , 

In the A’^ertebrata the independenee of the meromes is more fully 
developed than in other metanicri/ed animals. Not only do we 
get auto-heterosis of the meronies on a most extensive scale, but 
the dislocation of single meromes and of whole series (tngraala) of 
meromes is a common plienomeiion. Thus, in fishes the jielvic 
fins may travel forwards to a thoracic and even jugal position in 
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front of the pectoral fine ; the bronchioraeromes low ^ 

the poadtion of the meromee of muscular, skeletal, ooelomic, Mu 
nervous natura, and the heart and its vessels may move ^kwaros 
from their orif(inal metameros in higher Vertebrates canying nerve- 
loops with them. 

The Sevrnth Law of metamerism is one which has been pointed 
out to the writer by Mr. E. H. (»oodrich of Horton College, Oxford. 
It maybe called the law of translation of heterosis.** Whilst 
actual physical transference of the substance of meromos undeniably 
takes ])lace in such a case as the passage of tlie pelvic tins of some 
fishes to the front of the fiectorals, and in the case of the backward 
movement of the opisthosomatio appendages of spiders, yet the 
more freinient mode in which an alteration in tlie position of a 
spccializea organ in the series or scale of metameros takes place is 
910/ by migration of the actual material organ from somite to somite, 
but by translation of the qmlUy or morpnogenctic |ieculiarity from 
sonut(i to somite accommnied by correlative change in ail the 
somites of the senes. The phenomenon may be com]iared to the 
transposition of a piece of mtisio to a higher or lower key. It is 
thus that the lateral fins of fishes move up and down the scale of 
vertebral somites ; and thus that whole regions (tagmata), such as 
those indicated by the names cervical, thoracic, lumbar, and sacral, 
aro translated (accompanied by terminal increase or decrease in the 
total number of somites) so as to occupy diffeniig numerical 
]»oHitions in closely allied forms (cf. the varying numlier of cervical 
somites in allied Reptiles and Birds). 

What, in this rapid enumeration, we will venture to call the 
EiriiiTii liAWof metamerism is the law of hoinmosis, as it is termed 
by Batoson (1). llomceosia is the making of a meromo into the 
likeness of one belonging to another nietamcre, and is the opposite 
of the process of “heterosis" — already mentioned. Wo cite tliis 
law here because the result of its o|)eration is to simulate the 
occiirrenee of dislocation of meromes and has to bo carefully dis- 
tiiiguished from that process. A meroim* eau and does in individual 
cases of abnormality assuine the form and character oi the corre- 
Hjiondiug merome of a distant somite. Thus the antenna of an 
insect has been found to be replaced by a iKjrlectly well-fonned 
walking leg. After destruction of the eye-stalk of a shrimp a new 
fp*owth apiiears, having the form of an antenna. Other cases are 
fre([ueiit m Crustacea, as individual abnormalities. They prove the 
existence in the mechanism of metaiiienzcd animals, of structural 
couditioiiH which are capable of giving these results. What those 
structural conditious are is a matter for scfiarate inquiry, which 
we cannot oven touch here. It is not imjirobahle that homceosis of 
distant meromos may have given nse to {lermanciit stnictural 
changes charactonstic of whole groups of Arthropods, supposing 
the ahnormality once established to be favoured by naturiu 
selection. Possibly the chelate condition of the )me-oral ap- 
jiendugos of Araehiiida may he due to liomocosis transferring tno 
chelate form of post-oral limbs to what were previously autenni- 
form rami. 

We now come to the questions of the production of uew somites 
or the addition of new somites to the serie^s, and the converse prob- 
lem of the 8uppro.ssion of somites, whole or )*artial. We state as 
the Nivth Law of metamerism “that now somites or metameix]!s 
are added to a chain consisting of two or more somites by growth 
and gradual elaboration — what is called ‘ budding ’ — of the antenor 
border of the hindermost somite. This hindennost somitn is there- 
fore different from all the other somites and is called the ‘telson.’ 
However long or short or heteromcri/ed the ehaiii may be, new 
metainores or somites aro only jiroduecd at the anterior border ol 
the tolson, oxcejit in the V ertebrata. " That is the general law. But 
amongst some, groups of motamcrized animals partial exeeptions 
to it occui. It is probably absolutely true for the Arthnipoda 
from lowest to highest. It is not so certain that it is true for the 
GInrtopoda and would need modification in statement to meet the 
cases of iissi|Niruus multiplication occurring among Syllids and 
Naidids. In the Vertobrata, where tagmosis and heterosis of 
mcroTiics and dishnuitioii of meromes and tagmata arc, so to B])eak, 
ranquiit, new formation of metameres (at any rate as roprcscntcKi by 
important meromes) takes place at more than one }K)iiit in the chain. 
Such points are ioiuul whom two highly diverse “ tagmata ** abut 
on one another. It is possible, tlioiigh the evidence at present is 
entirely against the supposition, that at such })oints in Arthropoda 
now somites may be fonned.^ Such new somites are said to be 
“ intercalatcvd. " The question of the intercalation of vertebrae in 
the Vertehrata has mcei ved some attention. It must be remembered 
that a vertebra even taken with its muscular, vascular and neural 
accessories is only a partial metamero — a merome, and that, so far 
as complete metameres are concerned, the Vertehrata do conform 

^ The curious case of superabundant parapodia in the hinder 
somites of Apus has already l^en cited and referred to as an example 
of autorkythmic multiplication of meromes. There is some reason for 
regarding the extra pairs of legs as being “ intercalated *’ after the 
formation of the somite as a single unit or merome by growth firom the 
telson. Supposing, os appears to he the case, that as the Apus increases 


to the 8Ame law aa the Arthropode. Isteroalatioii of meromes. 
bronchial, vertebral and dermal {lin-supports) seems to have tak^ 
place in Vertebrate in the hshes, while in h^fher groups iutercala. 
tion of vertebrae in large series has been accepted as the only possible 
explanation of the structural facts established by the comparison of 
allied groups. The elucidation of this matter forms a very import- 
ant part of the work lying to the hand of the investigator of 
vertebrate anatomy, ana it is possible that the application of 
Goodrich’s law (the seventh of our list) may throw new light on 
the matter. 

I In regard to the diminution in the number of somites in the 
course of the historical development of those various groups 
of metamerizod animals, wdiich have undoubtedly sprung 
from ancestors with more numerous somites than th^ them- 
selves possess, it appears that we may formulate the following 
laws as the tenth, eleventh, twelfth, and thirteenth laws of 
xnetanierism. 

The Tenth Law is that individual somites tend to atrophy and 
finally disappear os distinct structures, most readily at the anterior 
and the posterior ends of the senes constituting an animal body. 
This is very generally exhibited in the head of Arthropoda, where, 
however, the ofieration of the law is largely modiiiod by fusion (see 
below). With regard to the posterior end of the body, the atrophy 
of segments does not, as a nife, affect the telson itself so much as 
the BomitoB in fnmt of it and its power of producing new somites. 
Sometimes, however, the telson is very minute and nouchitinized 
(Hexapoda). 

The Eleventh Law may bo stated thus : any somite in the 
series which is the anterior or posterior somite of a tagnia may 
become atrojihied, roduc;ed in size, or partially aborted by the 
suppression of some of its meromes ; and finally, such a somite 
may di8a])pcar and leave no obvious trace in the adult structure 
of its presence in ancestral forms. This is called the excalation 
of a somite. Frequently, however, such “oxcalated" somites aro 
obvious in the embryo or leave some merome (e.g., ueiiromero, 
muscle, or chitin-plato) which can be detected by minute observa- 
tion (microscopic) as evidence of their former existence. The 
somite of the maxillipode (third post-oral appendage) of Ajius 
cancriformis is a good example of a somite on its way to excala- 
tion. The third jirie-oral and the pncmaxillary somites of Hexapod 
insects are instances where the only ti'accs of the vanished somite 
are furnished by the microscopic study of early emb^os. The 
prirgonital somite of tlie Arachnida is an example of a somite 
which is pi-eserved in some members of the group and partially or 
entirely oxcalated in other cases, sometimes with fusion of its 
remnants to ncighhoiiring somites. 

The Twelfth Law of metamerism might very well be placed in 
logical order as the first. It is the law of lipomemsfirif and asserts 
that just os the metameric condition is produced by a chaugo in 
the bodicJi of the descendants of unisegmeutal ancestors, so highly 
metamerizod forms — strongly segmented forms with specialized 
regions of differentiated metameres — may gradually lose their 
metamerizod structure and become apparently and practically 
uniHcmneutal animals. The change hero contemplated is not the 
atrophy of terminal segments one by one so as to reduce the size of 
the animal and leave it finally as a single somite. On the contrary, 
no loss of size or of high organization is necessary. But one by 
one, and gradually, the inotamenc grouping of the bodily structures 
disappears. The cuticle ceases to be thickened in rin^ — the 
musides of the body-l^all overrun their somite boundaries. Internal 
septa disap])ear. The nerve - ganglia concentrate or else become 
diffused equally along the coras ; one jialr of renal coelomoducts 
and one pair of geuitu cmlomoducts grow to large size and remain 
--the rest disapiiear. The apiiendages atrophy or become limited 
to one or two pairs wliich are widely dislocated from their ancestial 
])08ition. The animal ceases to present any indication of metameric 
repetition of jxirts in its entire structure. Hegroes in this process are 
frequently to bo recognized. We certainly can observe such a 
change in the posterior region of some Arthropods, such as the 
hermit-crabs ana the spiders. Admitting that the Kchiurids are 
descended from Ohietopoda, such a change has taken place in them, 
amounting to little short of complete lipomerism, though not 
absolutely complete. 

Recent suggestions as to the origin of the Molliisoa involve the 
supposition wat such an effacement of once well-marked meta- 
mensm has occurred in them, leaving its traces only in a few 
structures such as the multiple j^l-plurnes and shell-shields of the 
Chitons and the duplicated renal sacs of Nautilus. 

A further matter of importance in this connexion is that when 
the old metameros have been effaced a new secondary segmentation 


in size, the number of extra pairs of legs on a non-temiiiial somite 
IncreaiBS in number, these added meromes are certainly intercalated 
and represent incomplete intercalated metameres. The intercalation 
of new elements does not really go much further than this in Verte- 
brata, for a vertebra with its myoskeletal tissues is only a merome and 
not a complete metamere. 
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jMj arise, as in the jointed worm-like body of the degeuorato 
Acarus, Dmodex/oUiculorum, 

Such secondaiy annulation of the soft body calls to mind the 
secoiidaxy annulation of the metameres of leeclies and some earth- 
worms. Solace does not permit of more than an allusion to this 
subject ; but it is worth while noting that the secondary annuli 
marking the somites of Leeches and Lumbricidre in definite number 
and character are perham comparable to the redundant pairs of 
appendages on the hinder somites of Anus, and are in both 
cases examples of independent repetition or tegumentary meromes 
— a sort of inoflectuai attempt to subdivide the somite which 
• only prevails on the more -readily suscoptihle meromes of the 
integument. 

The development of secondary metameric annulations within the 
area of a complete somite is not recorded among Arthro|>oda. It 
deserves distinct recognition as “ hypo-metamensm *’ or formation 
of “somatidia.” 

The last law of metamerism which we shall attomj^i to formulate 
here, as the Tiiirtxrnth, relates to the fusion or blending of neigh- 
bouring somites. There are without doubt a large number of 
important generalizations, to be arrived at hereafter from the 
further study of the metamerism of Vertobrata and the peculiar 
phenomena exhibited by the dislocated meromes of the verti*hrato’s 
somites. But this is not the place in which to attem})i an outline 
of the sfiecial laws of vertebrate metamerism. Fusion of adjacent 
somites has often been erroneously interpreted in tlie study of 
ArthrojxMla. There are, in fact, very varying degrees of fusion 
which need to lie carefully distinguished. The iollowing generaliza- 
tion may be formulated. “The homologous meromes of two or 
more a^aeent somites tend to fuse with one another by a blending 
of their substance. Voiy generally, but not invariably, tlie fused 
inciomea are found as distinct separated structures in the embryo 
of the animal, in which they unite at a later stagi* of growth.” 
The fusion of neighbouring meromes is often preceded by more or 
leas extensive atrophy of the somites concerned, and by an'est of 
development in the individual ontogeny. Thus, a case of fusion 
of partially atrophied somites may simulate the apjiearance of 
iucipient merogenesis or formation of new somites, and, vic/i versd, 
incipient merogenesis may be mislnterprctcul as a case of fusion of 
once separate and fully-formed somites. Moreover, the two pheno- 
iiieiia, merogenesis and fusion of meromes, actually occur side by 
side in some coses as in the pygidial shields of the Trilobitaa 
and Limulus. 

The most commonly -noted cases of fusion of metameres are simply 
cases of the fusion of the tegumentaiy meromes— usually the teiga 
only. Such a fusion has really very serious moriihological im|)ort- 
aiuje, although sujierficial and readily acquirou. It amounts to 
no moi’o than the disiiosition of chitinous cuticle of equal thickness 
over the area of the terga of the somites concerned instead of the 
thinning of the cuticular deposit at the adjacent lioHers of the 
somites. The somites consequently lose their hinge ; they can no 
longer be flexed one on the other. Atrophy of the muscles related 
to such flexure nccessanly follows. The mesosomatic portion of 
the jwsterior carapace of Limulus is no more than such a superficial 
fusion : the other meromes of the ankylosed somites (apjjcndages, 
neuromeres, blood-vessels, Ac.) are unaffected. Smm, too, is 
the case with the pygidial shields of many Trilobitcs. On the 
other hand, the telson, which is joined in both these cases with 
the superficially fused segments by a fusion of its chitinous 
cuticle with that of its last-formed or budded somite, can only take 
])art in the fusion as a result of arrest in its acitivity, which amounts 
to a late supervening atrophy. This arrest of the telsou’s special 
bud-growth may take place very early, in which case we get a large 
telsouic shield and only a very few somites in front of it — none 
soldered to the telson os in Agiiostus and Ilenus ; or it may take 
place later when eight iK>st-cephalic (opisthosomatic) somites have 
been formed as in nmulua— the last two incompletely. Or, again, 
thirty or more somites may have been produced before the arrest 
takes place and fifteen of these may be ankylosed with the telson 
to form the pygidial shield (Phaco|», Ac.). 

A more complete fusion of somites is that seen in the head of 
Arthro|ioda. The head or prosoma of Arthro^ioda is a tagma con- 
sisting of one, two, or three prosthomcres or somites in front of 
the mouth and of one, two, three, up to five or six opistho- 
mores. The (^phalic tagma or prosoma may thus be more or 
less sharply divided into two subtagmata, the prce-oral and the 
post-oral. 

The shifting of the mouth backwards in Arthropoda so as to 
allow segments which once were post-oral to take up a prap-oral 
pmition, as prosthomeres, must be regarded as a case of dislocation 
of the meromes oonoemed (Sixth law), like the forward travellmg of 
a fish's pelvic fins. The anus does not appear to be liable to such 
dislocation in Arthropoda ; but it certainly does travel away from 
its ^rental metamore in the Yertebrata, and may possibly do so 
in ^setopoda when what must be called “ lipomerism ” or general 
obliteration of a metameric orderiug of parts sets in. Such 
** lipomerism ” must be supposed to iiave aflfected the Chetopod 
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ancestors of the Sipunculids, if those latter worms arc to be traced 
genetically to the fonner, and the anus has shifted to the anterior 
third of tne body. However that may be, the (‘(uiccptiou (first put 
forward by Lankester in 18715, 2) of the Isickward Tnovemont of tlie 
mouth in Arihro|ioda from the first somite to tin- accoml, lliinl, or 
even fourth in the original jiost-oral series, is not only j nut ihtsl by 
embiyological observation of the sliifting in question, but iiiofs 
its (Nirallel in other instances of the law of dislocation of 
meromes. 

The fusion of the cephalic or prosomatio somites not only extends 
to togumontary siiuctures but to muscles, blood - vchscIh, and 
markedly to neuromeres. However, in the embryo of many 
Arthropoda the original ncuroTiieics ol the pno oral somites can lie 
distinguished, and in many cases tlie cfcloinic eavitics. Also it is 
a noteworthy fact that the tegmncnlaiy fusion (ccqihalic cai-a|>a(s , 
prosomatio carapace) ap]>ears sometimes to bieak <lovvn secondaiily 
Sqiiil la among Ciustacea and Halcodes and Taimsidie among 
Arachnida). It api»eai‘s that wo must lecogni/e os a principle thut 
such fusions as the carapaces of Arthropoda can revert to tlie 
condition of free movable plates- and therefore we must not 
assume that fonus with fused teigal idates arc necessarily latoi, 
genotically, than allied forms with tree movable tergal plates. 

When such reversion to a movable senes of doi'sal plates oceurs 
it must not be assumed that any t*oiieH]»onfhiig cliaiigc takes place 
in the deeper meromes. On tlie whole, lusnm and unk v Ioms ofsomib s 
18 not ill itself necessarily a dec]»-sea<Ld or far-reacliing pioeess. 
It may or may not be accompanied Ijn dislocation ot impoiiant 
meromes or by ]i|M)nierism ; whilst ns loi instancr m the oinsthu 
soma of the spiders, opiliones and iwaii, dislonit loii and hpo- 
inerism may occur w’ltliout fi/sio)} ol tegmnentary plates, and 
with, on the eontraiy, a dwindling, nmlovcMtuaJ alropliy of such 
plates. 

The general considerations as to metanicrism sid forlb above will 
enable us to proceed ii» a considciation of the ebar;ictei*s wliiili 
distinguish the various groups of Aithiopoda, and to justily tbo 
classification with which A\e started. 

Theory of tlie Arthropm} Head — Tho arthropod 
head is a tagma or grou]> of soiiutes which diU’er in 
number and in their rcdative jiosiiion 
in regard to the mouth, in ditlerent 
classes. In a simple Cha^topod (Fig. 

1 ) the head consists of the first somite 
only ; that somite is perforated by the 
mouth, and is provided with a pro- 
stomium or prse-oral lolxi. The pro- 
stomium is essentially a part or out- 
growth of the first somite, and cannot 
lie regarded aA itself a somite. It 
gives T\m to a nerve-ganglion mass, the 
Vrostoniial ganglion. In tho marine 
Chaetopods (the Polychieta) (Fig *2), «« cniKwha t oiutto- 

wo find the same essential structure, , m, the mouth , a, 

hut the prostomium nmy give rise to 
two or more tactile tentaeb's, and to i, ii, iii, co umi oi the 
the vesicular eyes. The somites have 
well-marked parapodia, and the second 
and third, as well as tho first, may ^ ' 

give rise to tentacles w^hich are directed forward, and thus 
contribute to form “ the head.’* Hut the mouth remains 
as an in flushing of the w^all of the first somite. 

The Arthrofioda are all distinguished from tho Chasto- 
jjoda by the fact that the head consists of one or moi*o 
somites which lie in front of the mouth (now called pros- 
thomeres), as well as of one or more somites behind it 
(opisthomeres). The first of the post-oral somites invari- 
ably has its fiarapodia modified so as to form a pair 
of homignaths (mandibles). Twenty-five years ago the 
question arose as to w^hethcr the somites in front of the 
mouth are to be considered as derived from tho pro- 
stomium of a Chaetopod-like ancestor. Milne -Edwards 
and Huxley had satisfied themselves with discussing and 
establishing, according to the data at their command, the 
number of somites in the Arthropod head, but had not 
considered the question of the nature of tho pra»-oral 
somites. Lankester (2) was the first to suggest that (as is 
actually the fact in the Nauplius larva of Crustacea) the 
praa-oral somites or prosthomeres and their appendagea 
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ARTHROPODA 


■were ancestrally post-oral, but have become prae-oral “ by 
aclaptational shifting of the oral aj)erture.” This has 
jiroved to bo a sound h 3 ri)othe 8 i 8 and is now accepted as 
the basis upon which the Arthropod head must be inter- 
preted (see Korschelt and Holder (3)). Further, the 
inori)hologists of the ’fifties apiiear, with few exceptions, 
to have accepted a i)reliniinary scheme with regard to the 
Arthropod head and Arthropod segmentation generally, 
which was misleading and caused them to adopt forced 
conclusions and interpretations. It was conceived by 
Huxley, among others, that the same number of cephalic 
somites would be found to Iw char- 
acteristic of all the diverse classes 
of Arthroj>oda, and that the 
somites, not only of the head but 
of the various regions of the body, 
could be closely compared in their 
numerical sequence in classes so 
distinct as the Hexapods, Crus- 
taceans, and Arachnids. 

The view which it now appears 
necessary to take is, on the con- 
Fia. 2 —Diagram of the head trary, this — viz., thilt all the Ar- 
chift Chwtoood. Lettorii as thropoda are to be traced to a 

ancestor resembling a 
luirapodium. (From Gomi- Chietopod Worm, but differing 
*^*°**^ from it in having lost its chaitas 

and in having a prosthomere in front of the mouth (instead 
of jirostomium only) and a pair of hemignaths (tnan- 
dibles) on the })arapodia of the buccal somite. From this 
ancestor Arthropods with heads of varying degrees of 
complexity have been developed characteristic of the 
different classes, whilst the parapodia and somites of the 
body have become variously modified and grou|)ed in 
these different classes. Tlie resemblances which the 
members of one class often present to the inemlx^rs of 
another class in regard to the form of the limb-branches 
(rami) of the ])arapodia, and the formation of tagmata 
(regions) are not liastily to be ascribed to common inherit- 
ance, but wo must consider whether they are not duo to 
homoplasy — that is, to the moulding of natural selection 
acting in the different classes upon fairly similar elements 
under like exigencies. 

The structure of the head in Arthrojiods jiresents three 
profoundly se]>arated grades of structure dejamdent upon 
the number of prosthomeres which have been assimilated 
by the prae-oral region. The classes presenting these 
distinct jilans of head-structure cannot be closely associated 
in any scheme of classification professing to he natural, 
l^jripatus, the type-genus of the class Onychophora, stands 
at the base of the series with only a single ]»rosthoiiiero 
(Fig. 3). In Peripatus the prostomium of the Chaetojiod- 
like aricestoi- is atrophied, but it is possible that two pro- 
cesses on the front of the head (FP) represent in the 
embryo the dwindled prostomial tentacles. 'J'he single 
prosthomere carries the retractile tentacles as its “ jiara- 
jiodia.” The second somite is the buccal somite (II, Fig. 
3) ; its parapodia liave horny jaws on their ends, like the 
claws on the following legs (Fig. 8), and act as hemignaths 
(mandibles). The study of sections of the embryo estab- 
lishes these facts beyond doubt. It also shows us that 
the ueuromeres, no less than the embryonic coelomic 
cavities, ]K)int to the existence of one, and only one, 
prosthomere in Perijiatus, of which the “ Protocerebrum,” 
P, is the neiwomere, whilst the I )euterocerebrum, D, is the 
neuromere of the second or buccal somite. A brief in- 
dication of those facts is given by saying that the Ony- 
chophora are ** deuteroguathous ” — that is to say, that the 
buccal somite ciirrying the mandibular hemignaths is the 
aecond of the whole scries. 



Fio. 8.— Diagram of tlio head and ad- 
jacent region ot Peripatus. Monoprue- 
thomeroua. m. Mouth ; I, coelom of 
the first somite which carries the 
antennie and is in front of the luoutli ; 
11, coelom of the second somite which 
carries the mandibles (hence deutei'o* 
gnathous); 111 and IV, coelom of the 
third and fourth somites ; FP, rudi- 
mentary frontal processes perhaps 
representing the prostomial tentacles 
ofPolycheeta; dne, antenna or tactile 
tentacle; Md, mandible; Op, oral 
papilla; P, protocerebrnm or fore- 
most cerebral mass belonging to the 
first somite; D,deutorocerabruni, con- 
sisting of ganglion cells belonging to 
the second or mandibular somite. 


What has become of the nerve-ganglion of the pro- 
Btomial lobe of the Chastopod in Peripatus is not clearly 
ascertained, nor is its fate indicated by the study of the 
embryonic head of other Ar- ^ 
thropods so far. Probably 
it is fused with the Proto- 
cerebrum, and may also be ' 

concerned in the history of 
the very peculiar paired 
eyes of Pcri^iatus, which are 
like those of Chastopods in Op, - 
structure — viz., vesicles with 
an intra-vesicular lens, 
whereas the eyes of all other 
Arthropods have essentially 

another structure, ^ing 8._Diag«m of the head and ad- 
“cups” of the epidermis, in Jacent region of J*eripa<tt«. Monoprus- 
, . V 1 1 - 1*1 ^ 1 1*1 thomerous. m, Mouth ; I, coelom of 

which a knob-hke or rod-llke the first somite which carries the 

thickening of the cuticle is jntennicand ieinfrontoftlie iuoutli ; 
« , ® wx Uixu xo J coelom of the second somite which 

fitted as refractive medium. carries the mandibles (hence deutei'o- 
In Diplopoda {Jvlu», &c.) 

the results of embryological mentary ftonUl processes perhaps 
. , • . X ^ • representing the prostomial tentacles 

study point to a composi- ofl^olycheeta; dne, antenna or tactile 

tion of the front part of the 

head exactly similar to that most cerebral mass belonging to the 
•tirliif.Yi first Homlte; D,deuterocerebruni, con- 

Wilicll we imd in Unycno- gigtlng of ganglion cells belon^ng to 

tihora. They are deutcro- ♦he second or mandibular somite. 
* (After Goodrich.) 

gnathous. 

The Arachnida jiresent the first stage of progress. Here 
embryology shows that there are two prosthomeres (Fig. 4), 
and tliat the gnathobases of the chelae which act as the 
first jiair of hemignaths, aio carried by the third 
somite. The Arachnida are therefore tritognathous. The 
two prosthomeres are indicated by their ccelomic cavities 
in the embryo (I and II, Fig. 4), and by two ncuromeres, 
the Protocerebrum and the Heuterocerebrum. The appen- 
dages of the first prosthomere are not present as tentacles, 
as in Peripatus and Diplopods, but are iiossibly represented 

by the eyes or jiossibly olto- 
E gether aborted. The apjien- 

dages of the second prostho- 
mere are the well-known 
Arachnids, 
rarely, if over, antenniform, 
modified as “retroverts” 
clasp-knife fangs in 

The Crustacea (Fig. 5) 
and the Hexajioda (Fig. 6) 
“pi^- BOmiU'S 

thoinerouH in the adult condition, ijx front of the niOUth, and 
though embryologically the append- . . i i i xi u x 

ages of 8omlt« 11 and the Somite it IS probable, thoUgh not 

thechiio- 

eye, Ch, chelicera; m, mouth; P, poda (Scolofiendra, (KC.) are 
protocerobrum; I), deuterocerebnim ; • xi^ naaa Tlio fhroa 

I, 11, III, IV, ccniom of the firat, case. 1116 turee 

Bwond, thjni, and fourth somites, prosthomeres or prse - oml 
^ somites of Crustacea due to 


the sinking back of the mouth one somite farther than in 
Arachnida are not clearly indicated by ccelomic cavities 
in the embryo, but their existence is clearly established 
by the development and position of the appendages and 
by the ueuromeres. 

The eyes in some Crustacea are mounted on articulated 
stalks, and from the fact that they can after injury be 
replaced by antenna-like appendages, it is inferred that 
they i^epresent the parapodia of the most anterior proa- 
thomere. The second prosthomere carries the first pair 
of antonme and the third the second jiair of antennm. 
Sometimes this pair of appendages has not a merely 
tactile jointed ramus, but is converted into a claw or 
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clasper. Three neuromeres — a proto-, deutero-, and trito- 
cerebrum — corresponding to those three prosthomeres are 
shaqdy marked in the embryo. The fourth somite is 
that in which the mouth now 0 |>en 8 , and which accord- 
ingly has its api)endages converted into heniignathous 
mandibles. The Crustacea arc tetartognathous. 

The history of the development of the head has been 
carefully worked out in the Hexapod insects. As in 
Crustacea and Arochnida, a first prosthomerc is indicated 
by the paired eyes and the protocorebruni ; the second 
prosthomore has a well-marked coelomic cavity, carries the 
antonnaj, and has the deuterocerebrum for its neuromere. 
The third prosthomere is represented by a well-inarkc‘d 



Kio. 5. —Diagram of the head of a Fia. S —Diagram of ihu head of a Hnxa- 
Crustaoean. TriproathoinerouH. Fi*, pod insect e, eye, ant, antenna; 
frontal proeosseM (observed in Cir- wid, inaudible, nufi, first maxilia; 
irhiped iiauplius-larvte) pmbably second maxilla, in, mouth; 1, 

representing the prosbmiial ten- region of the first or eye- bearing pros- 
'taclesofChmtopnds; e, eye; tliomere; If, ccelom of the secoud 

first pair of antcnnm ; A nfi, second antenna • bearing pnisthoinere ; ] II, 
pair of aiitenm«;md, niandilile; coblom of the third prosthomere devoid 
mxi, ma#*, first and second pairs of of apisnidages , IV, V, and VI, civlom 
maxillm; m, month ; 1, II, and III, of the fourtli, fifth, and sixth somites ; 
the three prosthomeres; IV, V, VI, I*, protocerebrum lioloiigitig to the 
the three somites lollowing the first prosthomere ; D, deuterocerebrum 
month ; P, protocerebrum ; D, belonging to the second prosthomere ; 
deuterocerebrum ;T,tritoc6rebrum T, tiltocercbiuui belonging t-o the 
(After Goodrich.) tiiird iirosthomere (After Goodrich.) 

pair of coelomic cavities and the tritocereliruin (III, 
Fig. 6), but has no ajiiiendages. They apiK^ar to have 
aborted. The existence of this third profethomere corre- 
B])ouding to the third prosthomere of the (hustacea is a 
strong argument for the derivation of the Hexai>oda, and 
with them the Chilopoda, from some offshoot of the 
Crustacean stem or class. The buccal somite, with its 
mandibles, is in Hexa^joda, as in Crustacea, the fourth : 
they are tetartognathous. 

The adhesion of a greater or less number of somites to 
the buccal somite posteriorly (opisthoineres) is a matter 
of importance, but of minor importance, in the theory and 
history of the Arthroinxl head. In Perijiatus no such 
adhesion or fusion occurs. In I)iplopo<la two oiusthomeres 
— that is to say, one in addition to the buccal somite- 
are united by a fusion of their terga with the terga of the 
prosthomeres. Their appendages are respectively the 
mandibles and the gnathochilarium. 

In Arachnida the highest forms exhibit a fusion of the 
tergites of five post-oral somites to form one continuous 
carapace united with the terga of the two prosthomeres. 
The five pairs of appendages of the post-oral somites of 
the head or prosoma thus constituted all primitively carry 
gnathobasic projections on their coxal joints, which act 
as hemignaths : in the more sjiocialized forms the man- 
dibular gnathobases cease to develop. 

In Crustacea the fourth or mandibular somite never has 
less than the two following somites associated with it by the 
.adaptation of their appendages as jaws, and the ankylosis 
of their terga with that of the prosthomeres. But in 
higher Crustacea the cephalic “ tagma ” is extended, and 
more somites are added to the fusion, and their appendages 
adapted as jaws of a kind. 

The Hexapoda are not known to us in their earlier or 
more primitive manifestations; we only know them as 
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possessed of a definite number of somites arranged m 
definite numbers in three great togmata. The head shows 
two jaw-bearing somites besides the mandibular somite 
(V, Vl^ in Fig. 6) — thus six in all (as iii some Chustacea), 
including prosthomeres, all ankylosed by their terga to 
form a cephalic shield. There is, however, good eni- 
bryological evidence in some Hexapods of the existence of 
a seventh somite, the supra-liugual, occurring between the 
somite of the mandibles and the somite of the first 
maxillae ( 4 ). This segment is indicated eiubiyologically by 
its paired cmlomic cavities. It is piactically an ext^alated 
somite, having no existence in th(^ ailult. It is ])robably 
not a mere coincidence that the H('xaf>od, with its tw^o 
rudimenbiry somites devoid of appendages, is thus found 
to possess twenty -one somites, including that which 
carries the amis, and tliat this is also the number present 
in the Malacostracous CyVustacea. 

2'he Htijimntdd Laitral or ]jvmb» of Arthro- 

^ioda , — It has taken some time to obtain any general 
acceptance of the view that the ]>araj)odia of tin* Cliado- 
poda and tlie limbs of Arthropoda aie genetic.ally idtjiitical 
structures; y(*t if we compaie tlu* i»arai»odmm of 
Tomojiteris or of Pliyllod<*cc with one of the toliaceous 
limbs of Branchipus or A]»us, tlu* conespondeiices of the 
two are striking. An erroneous vu‘w of the fundamental 
morphology of the Crustacean limb, and consccjnently of 
that of other Arthropoda, came into favour owing to 
the acceptance of the highly modified limbs ol Astacus as 
typical. Protopoditc, eiulojiodite, exopoditc, and cpi- 
])odite were considered to be the niorjiliological units 
of the crustacean limb. Lankestor (5) has shown (and 
his views have been accepted by Prof(*ssor8 Korschelt and 
Heider in their treatise on f/o/of/f/) that the limb 
of the lowest Crustacea, sucli as Apus, consists ol a 
corm or axis which may be jointed, and gives rise to 
outgrowths, either leaf-like or filiform, on its inner and 
outer margins (oiidites and exites). Such a corni (see 
Figs. 9 and 10), with its outgrowths, may be com]>ared to 
the simple parapodia of Clnetopoda with cirrlii and 
branchial lobe (Fig. 7). It is by the s]>eciab35ation of two 



Fio. 7 —Diagram of the Boimte-appoiuiamj oi parapodiuni of a Folyehst 
Chwtopoii The are omitted. Ar, the axis; nr.v, ueuro)>odial 

clrrhuH nr nfuiopwiial lobes or endltes , nt.c, iiotoixslial cirrhue; 

nt n, nf’r-, iioloiMKlial lobes «ri cxites Tlie parapodluw ie roirreseiited with 
itR rtoural or vouUal KUiiar'u upjienuoht. Original. 

“eiidites” that the endopodite and exojiodite of higher 
Crustacea are formed, whilst a flabolliform exite is the 
horaogon or genetic equivalent of the epipodite (see 
Lankester, “ Observations and Befiectious on Apus Cancri- 
formis,” Q, J. ScL), The reduction of the out- 

growth-bearing “corin^' of the jiarapodium of either a 
Chaetopod or an Arthropod to a simple cylindrical stump, 
devoid of outgrowths, is brought about w^hen mechanical 
conditions favour such a shajie. We see it in certain 
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Chaetopods Hesionc) and in the Arthropod Peri- 
patufl (Fig. 8). The conversion of the Arthropod’s limb 
into a jaw, as a rule, is effected by the development of an 

endite near its base into a 
hard, chitinized, and often 
toothed gnathobase (see 
Figs. 9 and 10, efi). It is 
not true that all the biting 
processes of the Arthropod 
limb are thus produced- -for 
instance, the jaws of Peii- 
patus are formed by the axis 
or corm itself, whilst the 
poison-jaws of Chilopods, as 
also their maxillsE, apjwiar to 
be formed rather by the af>ex 
or terminal region of the 
ramus of the limb ; but the 
opposingjaws( = hemignaths) 
of Crustacea, Arachnida, and 
llcxapoda are gnathobases, 
and not the axis or corm. 
The endopodite (corresyiond- 
ing to the fifth endite of the 
limb of A pus, see Fig. 9) 
become;’ in Crustacea the 
III ** walking log ” of the mid- 

C region of the body; it be- 

comes the i»al]) or jointed 




two clawH. U, an oral tiapilla, ono • r i 

of tho Hoeoiiu pair or pofit<orai in the form Ol a j>alp or 

Apus, as the figure 

iiiandibloH ; ci\ ept, tho groatiy shows, them are four 01 thoso 

onlarKfwl clttWM. (Com pan) A.) Tho liL^ » itnina nr fil*L 

appeiiflttKOM an) ropl^•fleutod with the ailTOllIia-llKC ])aJp8 or nia 

neural or ventral aurface iipijoi- ments on the first thoracic 
most. OrlKinal. 

limb. A common modifica- 
tion of the chief ramus of the Arthroyiod parayiodium 
is the chela or niyifier formed by tho elongation of 
the i)«3n ultimate joint of tlio ramus, so that the last 
joint works on it — as, for instance, in the lobster’s claw. 
Such chelate rami or liinli-branches are independently de- 
veloped in Crustacea and in Arachnida, and are carried 
by somites of the body which do not correspond m 
position in the two groups. The range of modifiaition of 
which tho rami or limb-branches of the limbs of Arthro- 
poda are c^qiable is very large, and in allied orders or even 
families or genera we often find what is certainly the 
palp of the same apyicndage (as determined by numerical 
position of the segments) — in one i^ase antenniform, in 
another chelate, in another pediform, and in another 



Fio. 9 —The aecond thoracic (fifth post.-oral) appendage of the left aide of 
Apu$ cant'r^famt^xa, placed with Its ventral or neural surface upjpermost to 
compare with Figs 7 and 8 1, 2, 'J'lie two segments of the axis ; eni, the 

gnath ibase, to tho five following endites “ ; /I, the flabellum or 
anterior exite ihr, the bract or posterior oxlto. (After Lonkeater, Q. J. 
Mtc. Set. vol. lAi. 1881.) 


reduced to a mere stump or absent altogether. Very 
jirobably the power which the apy^endage of a given seg- 
ment has of assuming the perfected form and proportions 
previously attained by the appendage of another segment 


must be classed as an instance of ** homoeosis,” not oMv 
where such a change is obviously due to abnormal develop 
ment or injury, but also where it constitutes a difference 
|)ermanently established between allied orders or smaller 
groups, or between the two sexes. 

The most extreme disguise assumed by the Arthropod 
parapodium or appendage is that of becoming a mere/ 



Fin. 10.— The first thoracto (fourth post* 
oral) appendage of A pus oanonformis 
(right side). Ax^ to Ax^^ the four seg. 
menu of the axis with muscular bands ; 
En^, gnathobase ; Kn* to Eufif the elon- 
gated Jointed eiidites (rami); Enfi, the 
rudimentary sixth endite (exopodite of 
higher Crustacea); the flabellum 
which becomes the epipodite of higher 
forms : EVt the bract devoid of muscles 
and respiratory in ftiiirtion (After 
Lankester, Q, J, Mie. ScL, vol. xxi. 1881.) 


Stalk suj)porting an eye — a fact which did not obtain 
general credence until tho experiments of Ilerbst in 1895, 
who found, on cutting off the eye-stalk of Palcemon, that 
a jointed antenna-like appendage was regenerated in ita 
place. Since tho eye-stalks of Podopthalmate Crustacea 
represent appendages, wo are forced to the conclusion 
that the sessile eyes of other Cmstacea and of other 
Arthropoda generally, indicate the position of apyiendages 
which have atrophied.^ 

From what has been said, it is apparent that wo cannot, 
in attempting to discover the affinities and divergences of 
the various forms of Arthropoda, attach a very high 
phylogenetic value to the coincidence or divergence in form 
of the aj)pendages belonging to tho somites compared 
with one another. 

Tho pnnciyial forms assiiraed by the Arthivyiod parapodium and 
its rami may be thus enumerated ; — 

(1) Axial corm well developed, unsegmentod or with two to four 
segments ; lateral eudites ana oxitos (rami) numerous and of various 
lengths (certain limbs of lower Crustacea). 

(2) Corm, with short uusegmented rami, forming a flattened folia- 
coouB appendage, adapted to swimming and respiration (trunk- 
limbs or Pbyllopods). 

(3) Conn alone developed ; with no endites or exites, but provided 
with terminal chitinous claws (oidinary leg of Peripatus), with 
terminal jaw teeth (jaw of PeniHitus), or with blunt extremity (oral 
impilla of same) (see Fig. 8). 

(4) Throe of the rami of the primitive limb (endites 5 and 6, 
and exite 1) specially developed os endopodite, exopodite, ana 
epiiiodite — the first two often as firm and strongly chitinised, 
sclented, leg-like stnictures ; the original axis or corm reduced to 
a bml pieoo, with or without a distinot gnathobase (endite 1) 
— typical tri-ramosc limb of higher Crustacea. 

^ H. Jiffilne-EklwardR, who was followed by Huxley, long ago formu- 
lated the conclusion that the eye-atalks of Crustacea ore modified ap- 
pendages, basing his argument on a specimen of Palinurus (figured in 
Bateson’s book (1), in which the eye-stalk of one side is replaced by 
an antenniform palp. Hofer ( 6 ) in 1894 described a similar case in 
Astaous. 
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^ ^ One raxnns (the endopodite) alone develo^ted— the original 
axis or csorm serving as its basal joint with or without 
gnathobase. This is the usual uni^ramose limb found in the 
various classes of Arthropoda. It varies as to the presence or 
til»8onoo of the law-process and as to tlie stoutness of the segments 
of the ramus, their number (frequently six, plus the Iwisal corm), and 
tlio modification of the free end. This may he filiform or bmsli- 
.jhke or lamellate when it is an antenna or palp; a sunplo spike 
vV^alking leg of Crustacea, of other aquatic forms, and of (jhilojxKls 
^ and Diplopods) ; the terminal joint fiattened (swimming leg ot 
Crustacea and Gigantostraca) ; the terminal joint pro\iued with 
• tw'o or with three recurved claws (walking leg of many teiTestrial 
ibims — Hexapodaaud Arachnida) ; the penultimate joint with 
a process equal in length to the last joint, so as to form a nipping 
organ (chelee of Crustaceans and Arachnids) ; the last joint reflet led 
ond movable on the penultimate, as the blade of a clasp-knife on 
its handle (the retrovert, toothed so as to act as a biting jaw in 
the llexapod MwtUis, the Crustacean Squilta, and others ; with the 
last joint produced into a needlc-like stabbing process in spidera). 

(6) Two rami developed (usually, but perhaiw not always, the 
equivalents of the endopodite and exopodito) supported on the 
somewhat elongated corm (basal s^neut). This is the typical 
“birainose limb” often found in Crustacea. The rami maybe 
flattened for swimming, when it is *'a biramosc swimmeret,” or 
both or only one may lie Aliform and finely annulate ; this is the 
form often presented by the antenna of Cnisiacca, and rarely by 
piw-oral appendages in other Arthropods. 

(7) The endopoditic ramus is greatly enlarged and flattened, 
without or with only one jointing, the corm (basal segment) is 
evanescent; often the plate-like cndoiiodites of u ;)air of such 
a])pendage8 unite in tlie middle line witii one another or by the in- 
termediary of a sternal up-growth and form a single broad plate. 
(These are the plate-like swimraereta and cqiercula of Gigantostraca 
and Limtilus among Arachnids and of Isojiod Cnistaceans. They 
may have mdimentarv exopodites, and may or may not have 
branchial filaments or lamellie develojied on their posterior faces. > 
The simplest form to which they may lie reduced is seen in the I 
genital operculum of the Scorjiion). 

(8) The gnathobase becomes greatly enlarged and not separated 
by a joint from the corm ; it acts as a liemigiiath or half-jaw 
working against its fellow of the 0})p08itc side. The endopodite 
may be retained as a small semnented palp at the side of the 
gnathobase or disapjiear (rnuudiblo of (irustac'ea, Chilopoda, and 
Hexapoda). 

1^9) The corm becomes the seat of a development of a special 
visual organ, the Arthropod oye (as opposed to tlic (^Inetopod eyeV 
Its jointing (segmentation) may be retained, but its rami uisapjiear 
( PodoplithalmousCrustaeea). Usually it bec’omeb atrophied, lea^ ing 
the eye os a sessile organ U|»on the piw-oral region of the body. 
(The eye-stalk and sessile lateral eyes ot Arthiopoda generally, 
exelusive of Peripatus). 

(10) The forms assumed by siiecial modification of the elements 
of the parapodium m the maxillie, iRbiuni, &c., of Hexapods, 
Chilo})ods, Diplojiods, and ot \arious Gnislacea, deseivo special 
enumeration, but cannot be dealt with without ample space and 
illustiation. 

It niay he pointed out that the most radical difl'eience iiresenb’d 
1)1 this list is that between appendages consihting of the comi alone 
without rami (Onyehophora) and those with more or less developed 
rami (the rest of the Arthropoda). In the latter ('lass wc should 
<li8tiuguish three phases : (a) those with numeroiiH and compara- 
tively uudovolo]Kia rami ; (6) those with three, or two highly 
developed rami, or with only one — the corm being reduced to the 
dimensions of a more basal segment ; (c) tliose reduced to a secondary 
simplicity (degeiiemtion) by ovenvholniiiig development of one 
segment the isolated giiathobaso often seen os “mandible” 
and the genital operculum). 

There is no I’easoii to supjiose that any of the forms of limb 
observed in Arthropoda may not have lieeu indejiendontly develoiwd 
in two or more sejiarate diverging lines of descent. 

Jiraiuift,tas . — In connexion with the discussion of tlie limbs of 
Arthropods, a few words should be devoted to the gill-processes. 
It seems probable that there are branchial plumes or filaments in 
some Amropoda (some Crustacea) which can be identified with 
the distinct branchial organs of Cheetopoda, which lie dorsad of the 
parapodia and are not part of the parapodium. On the other hand, 
we cannot refuse to admit that any of the processes of an Arthro- 

S )d parapodium may liecome m^ified as branchial organs, and 
lat, as a rule, branchial out-growths are easily developed, de novOf 
in all the higher groups of animals. Tliercfore. it seems to bo, 
with our present knowledge, a hopeless task to analm the 
branchial organs of Arthropoda and to identify them genetically in 
groups. 

A brief notice must suffice of the structure and history 
of the the Tmckecs^ and the so-called Malpighian, 
tubes of Arthropoda, though special importance attaches 


to each in regard to the determination of the affinities of 
the various animals included in this great suh-phylurn. 

The Eyes , — The Arthropod eye appears to be an organ of 
s|)ecial character developed in the coniinon ancestoi of the 
Euarthropoda, and distinct from the Cha*topod eye, which 
is found only in the Onychojihora where the true Arthropod 
eye is absent. The essential difference betw'cen these two 
kinds of eye appears to be that the Chsetopod eye (in its 
higher developments) is a vesicle enclosing the lens, 
whereas the Arthrojiod eye is a pit or series of pita into 
which the heavy chitinous cuticle dips and enlarges knob 
wise as a lens. Two distinct forms ot the Arthropod eye 
are observed — the mononieniscous (simple) and the poly 
meniscous (compound). The nerve-end-colls, which ho 
below the lens, are part of the general epidermis. They 
show in the monomeniscous eye (see article Arachnida, 
Fig, 26) a tendency to grou]) themselves into “ retinulse,” 
consisting of five to twelve cells united by vertical deposits 
of chitin (rhabdoms). In the case of the polymeniscons 
eye (Fig. 2^1, article Arachnida) a single retinula or 
group of nerve-end-cells is groujied beneath eaiih associated 
lens. A further complication occurs in each of these two 
classes of eye. The mononieniscous eye is rarely jirovided 
with a single layer of cells bemeatli its lens : when it is 
so, it is called monostichous (8im])le lateral ey«* ol Scorpion, 
Fig. 22, article Arachnida). More usually, by an infold- 
ing of the layer of cells in develoiumiiit, w^e get three 
layers under the lens; the front layer is the corneagen 
layer, and is separated by a membrane from the other 
two which, more or less, fuse «\nd contain the nerve-end- 
colls (retinal layer). These eyes are calletl diplostichous, 
and occur in Arachnida and Hexapoda (Fig. 24, in article 
Arachnida). 

On the other hand, the polymtmiscous eye undergoes 
sfKscial elaboration on its lines. The retinulie become 
elongated as do(q> and very narrow pits (Fig, 11 and 

Fiffc 11 —Diagram to show thr do- 
rlvatinn of the unit or “om. 
inatidnim ** of the compound eye 
of CniBlacoa and Hexapoda, C, 
from a Kimplo monomeniscous 
monostichouB eye resembling the 
lateral eye of a Scorpion, A, or 
the unit f)f the compound lateral 
eyeof LimuluB(Bee article Akach- 
NiDA, FigB 22 and 23). H repre- 
sents an intemiediato hypothetical 
form in which the rolls beneath the 
lens are beginning to be Huprr- 
iniTOsed as corneagen, vitrella, 
and retinula, instead of standing 
side by Ride in hori/.onta) Keiles 
The black represents the cutiriilni 
product of the epidermal cells 
of the ocular area, taking tlie 
form either of lens, c?, of crys- 
talline body, c/y, or of ihabdoin, 
rhab; hy, hypodennis or opi 
dermal chUb ; rorni, laterally- 
placed cellH in the himpler Ktoge, A, which like the nerve-end cells, rit^ and 
ret*, are comcagenH or lens-prod ucMng , corn, siteriallzed corneagen or lens- 
producing cells , rUi, potential vitrella cells with ei’i/*, jiotential crystalline 
tKxly now iixiistiiiguiNliable fnmi retinula cells and rhalMlorneres ; rit, 
vitrella cell with cry, jIh containi'd cuticiilar proiiuct, the cr>'Mtalliue cone or 
body ; reO, rhab^, retinula cells and rhalidom of Hcorpion uudiflerentiated 
ftoiTi aiUacent cells, I’lfi , rft, lotinula cell ; ihab, rhabdoni ; ti/, optic nerve- 
tibrHM. (ModiHod fhim Wntase.) 

explanation), and develop additional cells near the mouth 
of the narrow pit. Those nearest to the lens are the cor- 
ueagen cells of this more elaborated eye, and those between 
the original retinula cells and the corneagen cells become 
firm and transparent. They are the crystalline cells or 
vitrella (see Watase, 7). Each such complex of cells 
underlying the lenticle of a compound eye is called an 
“ ommatidium ” ; the entire mass of cells underlying a 
monomeniscous eye is an “ oinmatscuiu.” The ommatieuni, 
as already stated, tends to segregate into retiuul® which 
correspond potentially each to an ommatidium of the 
compound eye. The ommatidium is from the first 
segregate and consists of few cells. The compound eye 

S. T. — 88 , 
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of the King-Cmb (Limulus) is the only recognized 
instance of oinniatidia in their simplest state. Etich can 
l)e readily compared with the single-layered lateral eye of 
the Scorpion. In Ch’ustacea and HexaiKKla of all gmdes 
we find (joinpound eyes with the more complicated omma- 
tidia described above. We do not find them in any 
Arachnida. 

It js difficult in the absence of more detailed knowledge 
as to the ('yes of Chilo[>oda and Diplo|K)da to give full 
value to those facts in tracing the affinities of the various 
classes of Arthropods. But they seem to point to a 
community of origin of Hexapods and Crustacea in regard 
to the complicated ommatidia of the compound eye, and 
to a certain isolation of the Arachnida, which are, however, 
traceable, so far as the eyes are concerned, to a distant 
common origin with Crushicea and H ipoda through the 
very simple comi)Ound eyes (monostit>ous, polymcniscous) 
of Limulus. 

The Tracheae — In regard to trache&e the very natural 
teiulency of zoologists has been until lately to consider them 
as having once developed and once only, and therefore to 
hold that a group “Tracheata” should be recognized, 
including all tracheate Arthropods. We are driven by 
tlic conclusions arrived at as to the derivation of the 
Arachnida from branchiate ancestors, inde]-»endently of the 
other tracheate Arthropods (see article Arachnida), to 
formulate the conclusion that trachea' have been inde- 
j)endently dcvelojied in the Arachnidan class. Wo are 
also, by the isolation of Peripatus and the impossibility of 
tracing to it all other tracheate Arthropoda, or of regarding 
it as a degenerate offset from some one of the tracheate 
classes, forc(id to the conclusion that the tracheae of the 
Onychophora have been indeiHjndently acquired. Having 
acce})to(l these two conclusions, we formulate th(? generaHza- 
tion that trachea' can be indeijondently ac(iuirod by various 
branches of Arthro[>od descent in adaptation to a terrestrial 
as opjiosed to an aquatic mode of life. A great point of 
interest therefore exists in the knowledge of the structure 
and embryology of tracheiu in the different groups. It 
must Ix) confessed that we have not such full knowledge 
on this head as could be wished for. Trachooj are essen- 
tially tubt's lik(! blood-vessels — apparently formed from 
the siiine tissue elements as blood-vessels — which contain 
air in place of blood, and usually communicate by definite 
orifices, the tracheal stigmata, with the atmosphere. 
They are lined internally by a cuticular deposit of chitin. 
in Peripatus and the Diplopcsis they consist of bunches of 
fine tubes which do not branch but diverge from one 
another ; the chitinous lining is smooth. In the Hexapods 
and Chilopods, and the Arachnids (usually), they form tree- 
like branching structures, and their finest branches are 
finer than any blood - capillary, actually in some cases 
penetrating a single coll and supplying it with gaseous 
oxygen. In these forms the chitinous lining of the tubes 
is thickened by a close-sct spiral ridge similar to the spiral 
thickening of the cellulose wall of the spiral vessels of 
plants. It is a noteworthy fact that other tubes in these 
same terrestrial Arthropoda — namely, the ducts of glands — 
are similarly strengthened by a chitinous cuticle, and that 
a spiral or annular thickening of the cuticle is developed 
in them also. Chitin is not exclusively an ectodermal 
])roduct, but occurs also in cartilaginous skeletal plates 
of mosoblastic origin (connective tissue). The immediate 
cavities o|| pits into which the tracheal stigmata oiJen 
apfjear to be in many cases ectodermic in sinkings, but 
there seems to be no reason (based on embryological 
observation) for regarding the tracheae as an ingrowth of 
the ectoderm. They apjjear, in fact, to be an air-holding 
modification of the vasifactive connective tissue. Tracheae 
are abundant just in proportion as blood-vessels become 
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suppressed. They are reciprocally exclusive. It seems 
not improbable that they are two modifications of the 
same tissue-elements. In Peripatus the stignmtic pits at 
w^hich the tracheae communicate with the atmosphere are 
scattered and not definite in their position. In other cases 
the stigmata are definitely paired and placed in a few 
segments or in several. It seems that we have to suppose* 
that the vasifactive tissue of Arthropoda can readily take 
the form of air-holding instead of blood-holding tubes, and 
that this somewhat startling chai:ge in its character has * 
taken place independently in several instances — viz., in 
the Onychophor^ in more than one group of Arach- 
nida, in Diplopoda, and, again, in the Hexapoda and 
Chilopoda. 

Tfie Malpighian Tubes, — This name is applied to the 
numerous fine caecal tubes of noticeable length developed 
from the proctodaeal invert of ectodermal origin in Hexa- 
pods. These tubes are shown to excrete nitrogenous waste 
products similar to uric acid. Tubes of renal excretory 
function in a like position occur in most terrestrial Arthro- 
poda — viz., in Chilopoda, Diplopoda, and Arachnida. They 
are also found in some of the semi-terrestrial and purely 
aquatic Amphipod Crustaceans. But the conclusion that 
all such tubes are identical in essential character seems to 
be without foundation. The Malpighian tubes of Hexapods 
are outgrowths of the proctodeeum, but those of Bcorpion 
and the Amphipod Crustacea are part of the metenteron or 
cndodermal gut, though originating near its junction with 
the proctodoium. Hence the presence or absence of such 
tubes cannot be used as an argument as to affinity with- 
out some discrimination. The Scorpion’s so - called 
Malpighian tubes are not the same organs as those so 
named in the other Tracheata. Such renal cojcal tubes 
seem to be readily evolved from either metentoroti or 
l»roctodaium when the conditions of the out-wash of nitro- 
genous waste-products are changed by the transference 
from aquatic to terrestrial life. The absence of such 
renal ca3ca in Limulus and their presence in the terrestrial 
Arachnida is precisely on a parallel with their absence 
in aquatic Crustacea and their presence in the feebly 
branchiate Amphipoda. 

We shall now pass the groups of the Arthropoda in 
review, attempting to characterize them in such a way as 
will indicate their probable afiinities and genetic history. 

Sxjb-Phylttm arthropoda. — T he characters of the suh- 
phylum and those of the associated sub-phyla Cheetopoda and Roti- 
fera, have boon given above, as well as tho general charaotors of 
the phylum Appendiculata which comprises these great sub-phyla. 

Grade A.— Hyparthropoda. 

Hypothetical forms. 

Grade B.— Protarthropoda. 

{a) The intemmient is covered by a delicate soft outiole (not finii 
or plated) whion allows the body and its appendages great range of 
extension and contraction. 

(h) The paired claws on the ends of the i)arapodia and tho fang- 
like modifications of those on tho first tx>8t-oral appendages (man- 
dibles) are the only hard chitmous portions of tho integument. 

(c) The head is deuterognatlious — that is to say, tnere is only 
one prosthomere, and accordingly the first and only pair cf hemt- 
gnatns is developed by adaptation of the appendages of tho second 
somite. 

(d) Tho appendages of the third somite (second |K>st-oral) are 
olawless oral papillee. 

(e) The rest of the somites carry equi -formal simple appendages, 
consisting of a conn or axis tipped with two chitinous claws and 
devoid of rami. 

(f) The segmentation of tho body is anomomeristic, there being 
no fixed number of somites characterizing all the fonns included. 

(g) The pair of eyes situated on the prosthomere are not of the 
Euarthropod type, but resemble those of Chsetopods (hence Nereid- 
ophthalmous). 

{h) The muscles of the body-wall and gut do not consist of trans- 
versely-striped muscular fibre, but of the unstriped tissue observed 
also in Ch(eto|)oda. 
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(i) A pair of ccelomoduots is developed in every soniito including 
the prostliomere, in which alone it atrophies in later development. 

(^) The ventral nerve-cords are widely sepaiuted— in fact, lateral 
in pMition. 

(k) There are no masses of nerve-cells forming a ganglion (neuro- 
mere) in each somite. (In this resj^ect the Protarthropoda an) at 
a lower stage than most of the existing Chtetopoda. ) 

(Z) The genital ducts are formed by the enlaigement of the 
ooelomoducts of the penultimate somite. 

Class (Unica).-— O nychopuoua. 

With the characters of the grade : add the presence within the 
body of fine unbranched tracheal tubes, devoid of spiral thickening, 
opening to the exterior by numerous irregularly scattered tracheal 
pits. 

Genera— 'Eoperipatus, Peripatoj^isis, Opisthopatus, kr. 

Grade 0 (of the Arthro}ioda). — ^Euarthropoda. 

(a) Integument heavily plated with fim chitinous cuticle, allow- 
ing no expansion and rotraction of regions of the body nor change 
of dimensions, except, in some cases, a dorao-veniral bellows move- 
ment. The separation of the heavier plates of cliitin by grooves of 
delicate cuticle results in the hinging or jointing oi the body and 
its appendages, and the consequent flexing and extending of the 
jointea pieces. 

{b) Claws and fangs are developed on the branches or rami of the 
parapodia, not on the end of the axis or conn. 

(c) The head is either dontcrognathoiis, tritognatlious, or tetur- 
tognathous. 

(d) Rarely only one, and usually at least two, of the somites 
following tlio mandibular somite carry ap]>eiidages modified as jaws 
(with exceptions of a secondary origin). 

(e) The rest of the somites may all oarnr appendages, or only a 
limited number may carry aiqiendages. In all cases the aprieiid- 
ages primarily develop rami or branches which fonn the limbs, 
tlio primitive axis or conn being reduced and of insignificant sixe. 
In the most primitive stock all the |>ost-oral apiieiidagea had 
gnathobosio outgrowths. 

(/) The segmentation of the liody is aiiomomeristic in the more 
archaio members of each class, nomomeristic in the highei* membei's. 

(y) The two eyes of Chfletopod stmeturo liave disappeared, and 
arc replaced by the Biiarlhrojiod eyes. 

{h) The muscles in all parts of the body consist of stnjicd mus- 
cular fibre, never of unstniied muscular tissue. 

(/) The coelonioducts are suppressed in most somites, and retain(Hl 
onlv as the single jiair of genital ducts (veiy rarely more numerous) 
and in some also as the excrctoiy glands (one or two jiaira). 

(j) The ventral nerve-cords ajiproach one another in the mid- 
ventral line behind the mouth. 

ijh) The nerve-cells of the ventral nerve cords aiv segregated os 
pair^ ganglia in each somite, often united by nienstic dislocation 
into coTn])u8it6 ganglia. 

(l) The genital ^lots may bo the cmlomodnctK of the pennltimate 
or anteiien ultimate or adjacent somite, or of a somite jilaccd near 
the middle of the series, or of a somite fur fonvard in the series. 

Class 1 (of the Euarthro])oda). -Biploj’opa. 

The head has but one prosthoinere (monoprosthoincrons), and is 
accordingly deutorognathous. This canics short-jointed antenme 
(in one case biramoso) and eyes, the structure and dovolQ]mietit of 
which require further elucidation. Only one somite following the 
fii’st ixwt-oral or mandibular segment has its ap]K*ndagcs moaified 
as jaws. 

The somites of the body, except in Pauropus, either fuse after 
early development and form double somites with two jsiirs of 
appendages (Julus, Ac.), or present legless and leg-bearing 
somites alternating. 

Somites, aiiomomeristic, from 12 to 150 in the post-cephalic series. 

The genital ducts open in the fourth, or between the fourth and 
fifth iK)Ht-oral somite. 

Teirostrial forms with small-jointed legs formed by adaptation 
of a single ramus of the appendaj^. Trachea! are present, 

JVote . — ^The Diplopoda mcludo the Julifomiia, the Syniphyla 
(Scolopendrella), and Pauropoda (Pauropus). TJiey were until 
recently classified with the Chilopoda (Oeutipodos), with which 
they have no close afliiiity, but only a superficial resemblance. 
(Compare the definition of the class Chilopoda.) 

T^e movement of the logs in Diplopoda is like tliat of those of 
Poripatus, of the Phyllop^ Crustacea, and of the Paraiiodia of 
Chietopoda, symmetrical and identical on the two sides of the 
body. The logs of Chilopoda move in alternating gi*oupp on the 
two sides of the body. This implies a very much higher develop- 
ment of nerves and mnacles in the latter. 

Class 2 (of tlie Euarthroinxla).— A rachnid a 

Head tritognathous and dlprosthomerous— that is to say, with 
two prosthomeres, the first baring typical eyes, the secona a |>air 
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of aptieiidages reduced to a siiiglo ramus, which is m more pnim- 
tivo lorms aiiteuniforin, in higher lorms elndate oi n^tioM^it The 
ancestral stock W’as iianto-giiathobasic— t.c., had a gmithchase oi 
jaw process on every {larajiodium. As many as six )»diis oi up- 
liendagc's following the mouth may have an enlarged gmithobase 
actually functional as a jaw* or heniignath, but a ramus is wtl! 
developed on each ot these aTqwndages either as a simph* walking 
log, a iMilp, or a chela. In the more primitive lorms the appeinl.ige 
of every jiost-oral somite Ims a gnathohaso and Iwo rami ; in InglcM 
s|)eciallxed fomis the gmitlioluiscs ma} be atrophied iii e^ely 
appendage, even in the first f»ost fnal. 

The more ]»nmitive forms aie aiionioniensln ; tin lughei |oni.'» 
nomomeristic, showing Ixpically thiee groups oi tagniat.i oi si\ 
somites each. 

The genital afiertures are placed on tlie fust somite of the seeond 
tagma or mesosoma. Then position is unkiiow'u m the nioie 
primitive forms. The more piimitive forms have branchial re- 
spiratory piocesses devclojied on a ramus of each ot the post-oral 
ap|»endago8. In higher spceiali/cd ionns tlussc hraneJnal pioeesscs 
become first of all limited to fi\c Hcgmciits o! the mesosoma, then 
sunk beneath the sui face as pulmonaiy oigans, and tmally at i opined, 
their place lieing taken by a w'ell-dcveloped inn heal s\stem. 

A oharactei of great diagimstic valin* in tin- niou pnnntiie 
AraeJmida is the tendency of the i-hitinous iinestnniit id tin- 
tergal surface of the telsou to unite dining growth witli that ot 
the free somites in fioiit of it, so as to loim a i»\gidial shield or 
jioaterior carapaee, often eoinpnsing as utan> as iilineii si, unto*. 
(Trilobites, Limulns). 

A i»air of central moiiomenisious dqilostn hous eyes is otien 
present on the heml Latcial ej-^es also an. otten inesuit wlneh 
are monostichous w'ith aggiegated lenses or with isolated 

lenses (Scori)io), or arc diplostiehous with simj)h lens I'ldtj/alpi, 
Araneie, etc. 

Class 3 (of the Euaithiopoda. — Ci5lsT\( I \ 

Head tetartognathous and tiiprosthomcrous- - that is to say with 
three prosthomeres: the tirat beaiing typK'al ey<*s, iln* h'CoikI a 
pair of antonniform apiiendagcs (often biiamose/, tlie thud a T«in 
of apjiendages usually antcinntonn, someUmes elaw - like The 
ancestral stock w*as (as in the Aiachiiida) ]iuntognat)n>b,isu , that 
is to say, had a gnathohaso or jaw-jaocess on tin IriM* <>l e\ery 
post-oral a]>pendage. 

Besides the first jiost-oral or mandiiaihn paii, at least t w o mk m ed 
iiig jRiirs of appendages are modiiied as jaws. Them- ha^^- small 
and insignificant rami, or none at all, a tcatuio in wlinh lie* 
Arachnida differ from them. The ap]>endagcs of foui oi ni(*n 
additional following somites may l>c tinned iqaiurdM towards I lie 
mouth and assist in the taking ol food. 

The more i>rimitive foniis (Entomostraea,' aie aiioiiiomenstie, 
presenting great variety as to numbci of somites, torm of apjiendages, 
and tagmanc grouping; the highci forms ^Malacostracaj au* iioinci 
meristic, showing in front of tlic telsou twenty somites, of which the 
six hinder carry swimmcrcts and the five next iii front andaihitoi} 
linilKi. The genital ajKTtures arc neithei far foiwaid iioi tar 
backward in the series of sonnies, r.j/., on tlie fouiLeenth i»ost-oial in 
Apus, on the ninth post-oral in temale Astaens and in Cjchms 

With rare exceptions, branchial plates are deielojied ciliiei h} 
modification of a ramus of the limbs oi as pioeesses on a i.inius, <ii 
upon the sides of the body. Ko tiaeliciitc (hiistaeea aic known, 
but some terrestrial Isopoda develop pulnionarv m sinkings ot tin 
integument. A characteristic, eoniparahle in value to that jireseiitcd 
by the pygidial shield of Arachnida, is tlie frequent development 
of a pair of long apiieiidages by the penultimate somite, wliicb with 
the telson form a trifid, oi, w’lieii that is small, a bifid tenninatioi* 
to the bod 3 \ 

The lateial eyes of Ciustacea are polymoniscous, with highly 
Bjx*cialized retiniihe like those of Hexai>oda, and unlike tlie simpler 
comiMmnd lateral eyes of lower Arachnida. Moiioiiieniseous eyes 
are rarely present, and when present, siiigh*, minute, and central m 
jKisition. 

A’ete, — The Crustacoa cxliibit a longer and inoie complete senes 
of forms than any other class of Arthro])oda, and may be r«*garded 
as preserving the most conqdetcly represented line of descent. 

ClasF 4.— CiliLornDA. 

Head fripiosthomerous^ and tetartognathons. The two somites 
following the mandibular oi tirat post-oral or buccal somite carry 

’ Enibryological evidence of this is still wanting. In the other 
classes of Arthropoda we have more or less complete enibryological 
evidence on the subject. It appears from observation of the embryo 
that whilst the first prostliomere of Ceiiti|iedes has its appendages 
reduced and represented only by eye -patches (os in Arachnida, 
Crustacea, and Hexapoda), the secoml has a rudimentary antenna, 
which disappears, whilst tlie third canies the permanent antcnnue, 
which accordingly correspond to the second autonuti! of Crustacea, and 
are absent in Hexapoda. 
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apxiendages modified as maxillie. The fourth poet-oral somite has 
its ainKjndageg converted into very largo and ]ioworful heniignathS) 
which are provided with |K>ison -glands. Tlio remaining somites 
(Tarry single • clawed walking legs, a single ^mir to each somite. 
The body is anornonieristic, showing in diffcjrent genera from 17 
(inclusive of the anal and genital) to 175 somites l)ohind that which 
bears the iioison-jaws. No tagmata are developed. The genital 
ducts oiK*n on the ])enultimate somite. 

Tiwlieie lire d(‘velo])ed wliiiih are dendriform and with spiral 
thickening of their lining. Their trunks o2>en at imired stigmata 
placed laterally in each somite of the trunk or in alternate somites. 
iTsually the trachete o|ion by }iaired stigmata placed n}K)n the sides 
of a greater or less number of the somites, hut never quite regularly 
on altenmling somitos. At most they are present on all the 
jK*digen»n 8 somites excojiting the first and the last. In Scutigera 
there are seven nnmired dorsal stigmata, eiuli leading into a sac 
whence a numher or air-holding tubes project into the pcric^ardial 
blood-sinus. 

Renal ciecal tuljcs (Malpighian tubes) ojien into the proctodecum. 

Class 5.~Hexai»oda. 

Head shown by its (jarly devclojmient to be Iriproslhomorous 
and consoquontly tetartognathous. The first 2>rosthomere has its 
aiqicndagcH rc2>re8ented by the compound eyes and n 2>rotocerebnim, 
tne second has the nnienmc for its a])])ondages and a dcutocerebral 
iicuromere, the third has suffered sup2>i'C8Bion of its umicndagos 
Ovhieh corrosiionded to the second j»air of antenna* of O^inistacea), 
blit has a tritoccrebmm and coiloniic chandler. Tlic mandibular 
somite bears a iiair of gnathobosio heniignatbs without rami or 
mips, and is followed by tw'o jaw-boaring sonnies (maxillaiy and 
labial). This onumemtion would give six soTinf(‘S in nil to the 
head- three jirostlioincres and three ojiistiiomercs. Recent investi- 
gations (Folsom, 4) show the existence in the embryo of a pr®- 
niax illary or smira- lingual somite w^hie.h is siqiprcsBcd duiiiig 
develojmicnt. TliiB givcis seven somites to the IIe\a]K)d ’8 head, the 
torgites of whi(di are fused to form a ce2)halie eaiajiace or box. 
The number is significant, since it agrees with that found m 
Kdno 2 ihtha 1 mous Crustacea, and assigns the labium ut the IlexajXMi 
to the same somite num(?rically as tliat which (Tarries tlie labium- 
like maxillijiedGS of those Crustacea. 

The somites following tho head are stiictly nomonienstic and 
iioniotagmic. The first three form the tliorax, Uie a2q)eiidagos of 
whieli are tho walking legs, tipjiod with jiaired claws or ungues 
(eomjwiro tho liomo])la 8 tic claws of Scorpio and Peri 2 mtus). Eleven 
somites follow tlu'se, forming the abdoimiial “tagma,” giving thus 
twenty-one somites in all (ns iu the higher Crustacea). The 
somites of the abdomen all may cany nidimeiitary a2q)endagcs in 
tho embryo, and some of tlie hinder somites may retain their 
ai>]iendng(*H m a modified form iii adult, life. Terminal teleseojiing 
of the abdominal somites and excalntion may occur m tho auult, 

1 educing the obvious abdominal somites to as few as eight. The 
genital a2H*rtures arn median and 2 »laced far back in t.lie beries of 
somites, viz., the female on tlin sevuntli abdominal (sevcmteeiith of 
the w’holo scries) and tluj male on the ninth oi antc- 2 ^M*nultimato 
al)dominal (nineteenth of the whole series). The u])jMmdag(*H of the 
eighth and tenth nlidomiiial somites are iiiodifi<*d as goiinjiophyKes. 
The eleventh abdominal segment is the telsoii, usually small and 
soft ; it eaines tlio anus. 

Tho Hexa2MKla aie not only all eonlincd to a very definite dis- 
2>oHiti()n of the somites, a2)2iondages, and apertures, as thus 
indicated, but in otlier cliaracUTrs also they ])i'e 8 ent the Byiccializa- 
tion of a narrow Iy-limite*d higlily-devclotied older of such a class as 
tlie Crustacea, rather than a lange from lower more generalized to 
liigher more H])eeittlized forms such as that grou 2 ) and also tho 
Anichnida 2»reM‘ni. It seems to lie a hTgitimato conelusion that 
the most 2>rimitive HexaiKsla w'cre 2n*ovided with w’liigs, and tliat 
the term rteryg»»la might be used os a synoiiyni of HexaiKida. 
Many Hexajioda Jiave lost oitber one jiair or both juiiiw of ivings ; 
eases aio common of wingless genera allied to ordinary Pterygoto 
genera. Some IIe\'a]H»dR wliK-li are very tirimitive in other rc82iects 
hapjien to be also A2»terons, but this cannot be held to pjpvo that 
the ])088e8sion of wings is imt a 2>rimitivo character of Hexapods 
(eonqiaio tho case of the Strutliious Hirds). The winra of liexa- 
poda are lateral expansions of the terga of the second and third 
thoracic somites. They niijM^ar to be serial eauivalents (homo- 
genous moromes) of the traclu'al gills, which develop in a like 
position on the abdominal segments of some aquatic Ilexapods. 

The llexapoda are all provided with a highly develo2)ed tracheal 
system, which presents considerable variation in regard to its 
stigmata on oritiees of communication with the extenor. In some 
a serial arrangement of stigmata eonqiarable to that observed in 
Chilo2>oda is found. In other cases (some larva*) stigmata are 
absent ; in other coses again a single stigma is developed, as in 
the smaller Amchnida and Chilo2ioda, in the median dorsal line 
or other unex2iected position. When tho facile tendency of 
ArthroiHxla to develop tracheal air-tubes is acboiitted, it becomes 
probable that the traimeee of Hexapods do not all belong to one 
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original system, but may be accounted for by new developments 
w'itiLin tlie group. Whether the primitive tracheal system of 
Hoxa2K)da was a closed one or oiien by serial stigmata in every 
somite remains at present doubtful, but the intimate relation of 
tho system to the win|» and tracheal mils cannot bo overlooked. 

The lateral eyes of Hexapoda, like tlioso of Crustacea, belong to 
the most B 2 ;>eoialized type of **com]x>und eye," found only in these 
two classes. Simple monomoniscous eyes are also present in many 
Hexaiiods. 

Renal excretory c®ca (Malj)ighian tubes) are develo2ied from the 
proctodeum (not from mosenteron oa in Scor2)ion and Amphijioda). 

Ccmclvding Remarks on tlie Relationships to one another * 
of the Clams of the Arthropoda. — Our general conclusion 
from a survey of the Arthropoda amounts to this, that 
whilst PeripatUB, the Dii^lopoda, and the Arachnida 
represent terrestrial offshoots from successive lower grades 
of primitive aqtuitic Arthropoda which are extinct, the 
Crustacea alone present a fairly full series of representa- 
tives leading uiiwards from unspecializod forms. The 
latter were not veiy far removed from the aquatic ancestors 
(Trilobites) of the Arachnida, but differed essentially from 
them by the higher siiecialization of the head. We can 
gather no indication of the forefathers of the Hexapoda or of 
the Chilopoda less specialized than they are, whilst possess- 
ing the essential characteristics of theso classes. 'Neither 
embryology nor jmlmontology assists us in this direction. 
On the other hand, the facts that the Hexaixida and the 
Chilopoda have triprosthomerous heads, that the Hexa2)oda 
have the same total number of somites as the nomomeristic 
Crustacea, and the same number of opisthomercs in the 
head as the more terrestrial Crustacea, together with the 
same adaptation of the form of im2)ortant appendages in 
corres2)onding somites, and tliat the compound eyes of 
both Crustacea and Hexa2)oda are extremely S2iecialized 
and elaborate in structure and identical in that structure, 
all lead to the suggestion that the Hexa|>oda, and with 
them, at no distant 2)oint, the Chilopoda, have branched 
off from the Crustacean main stem as S2>6cialized ter- 
restrial lines of descent. And it seems probable that in 
the case of the Hexapoda, at any rate, the }>oint of de- 
liarture was subsequent to the attainment of the nomo- 
mcristic character presented by the higher grade of Crus- 
tacea. It is on the whole desirable to recognize such 
affinities in our schemes of classification. We may tabu- 
late the facts as to head -structure in Chastopoda and 
ArthrojXKla as follows : — 

Grade ^ (lielow the Arthropixla). — A oxatiia, Afbobthomeha. 
Without 2»arapodial jaws ; without the addition of originally 
post-oral somites to the pr®-oral region, which is a sinijilo prostomial 
lobe of the first somite ; the first somite is 2ierforated by the mouth 
and its 2>arapodia arc not modified as jaw's. 

ssCHATOPonA. 

Grade 1 (of the Arthro2X)da).— M onoonatiia, Moxo- 
PBOSTHOMERA, 

With a single jiair of 2iarapodial jaws carried hy tlie somite which 
is 2K'rforated hy the mouth ; this is not the fii-st somite, but the 
second. The lirst somite has become a 2n'08thomere, and carries a 
2miT of extensile antonme. 

=Onyuhophoiia (Peripcane^ <fcc.). 

Grade 2 (of the Arthro 2 K)da).--DioNATirA, Monoprosthomkra. 
Tho thiid somite as well as the second develops a 2)ttir of paia- 
Xiodial jaws ; the first somite is a 2 )ro 8 thoniei*e carrying jointed 
antenn®. saDiPLOPonA. 

Grade 3 (of tho Arthro]X)da).— P antoonatha, Diprosthomera. 

A gnathobase is developed (in the primitive stock) on every 2»ir 
of 2 )ost-oral apiicnda^^; tw’o 2^ro8tfiomerGB present, the second 
somite as well as the first having passed in front of the mouth, but 
only the second has a2)2ieudage8. 

, =Arachkida. 

Grade 4 (of the Arthropoda).— Pantognatha, Tripbosthomera. 

The original stock, like that of the last grade, has a gnathobase 
on every 2^t-OTal appendage, but three prosthomcres are now 
present, in consequence of the movement of the oral aperture fVom 
the thiid to tlie fourth somite. The lateral eyes are iiofynieniscoiis, 
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with specialized vitrelln and retinuhe of a definite ty][ie peculiar to 
this gnde. 

= Crustacea, Ohilopoda,^ Hkxapoda, 

According to older views the increase of the number of 
somites in front of the mouth would have been regarded 
as a case of intercalation by new somite>buddiug of new 
pree-oral somites in the series. Wo are prohibited by a 
general consideration of metamerism in the Arthro^ioda 
(see a previous section of this article) from adopting the 
. hypothesis of intercalation of somites. However strange 
it may seem, wo have to suppose that one by one in the 
course of long historical evolution somites liave passed 
forwards and the mouth has passed liackwards. In fact, 
we have to suppose that the actual somite which in grades 
1 and 2 bore the mandibles lost those mandibles, developed 
their rami as tactile organs, and came to <x;cupy a position 
in front of the mouth, whilst its previous jaw-bcaring 
function was taken up by the next somite in order, into 
which the oral aperture had passed. A similar history 
must have been slowly brought about when this second 
maudibulate somite in its turn liecame nguathous and 
passed in front of the mouth. The mandibular parapodia 
may be supfiosed during the successive stages of this his- 
tory to have had, from the first, well-develoi^ed rami (one 
or two) of a pali>like form, so that the change required 
when the mouth jiassed aw^ay from them would merely c(m- 
sist in the sujipressiou of the gnjithobase. The solid ]>alp- 
less mandible such as we now see in some Arthropoda is, 
necessarily, a late specialization. M oreover, it a] qnjars prob- 
able that the first somite never liad its parapcnlia modified 
as jaws, but became a prosthomerc with tactile ap()cnd- 
ages before parapodial jaws were developed at all, or rather 
pin*i pattm with their development on the second somite. 
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I It is worth while bearing in mind a second iiossibility 
as to the history of the prosthomeres, viz., tliat the buccal 
I gnathobasic parapodia (the mandibles) vere in each of the 
three grades of prosthomerism only developed after the 
recession of the mouth and the addition of one, of two, or 
of three posWiral somites to the pne-oral region had taken 
place. In fact, we may imagine that the characteristic 
adaptation of one or more pairs of post-oral |)arapodia to 
the purposes of the mouth as jaws did not (xiciir until aftei 
ancestral forms with one, with two, and witJi three ]»ro.s- 
thomercs had come into existence. On the wJiole tJie bict.s 
seem to be against this supposition, though w^e need not 
suppose that the gnatliobase was ^'ery large or the lunii 
undevelojxsd in the buccal parapodia which were destined 
to lose their mandibular featuies and pass in front of the 
mouth. 

Refeeences.— l. Ratesun'. Mafrriah for fhe Sfwh/ of Vario- 
(Macmillan, 18J)4), 2>. 85.-2. Lankemek. “ Pmtmi live Cell 
layers of the Vsiahijof" Annals awJ Maq, Nat Hid 1S74, j). 886. 
— 8. Korschklt and Heioer. KntwickeJauiMf'^chuhia (Teua, 
3892), caj). xv. p. 889. --4. Foihom “ Dr-volopnifiit ot the 
Mouth Parts of Anunda," BullHir Mvs Comp. ZouL Harvard 
Colleget vol. xxxvi. No. 5, 1900, ])p 112-116.— 6 Lankkstek. 
“ OlMjervatioiia and Uelleotiona on the Ap])L'iida)^i‘s and Nervous 
System of Ajaia Canon foi mis," QuarL Jovm, Hin. tSn. vol. xxi. 
1881. — 6. Hufkr. “Kill Krebs nut eiiii'i oxtreinitnt siatt eiiios 
Btielauges,'* VerfuindJ. tL Ikutschcn ZooJ (vsilhch, ^•^y4. — 7 
Watase. “On the Morjihology •>! the Compound Ky<*s j>r Arthio- 
pods," Studies from Uu lliol, Lah of the Johit,s Hopkin** U iiivci'sUp, 
vol. IV. pj>. 287-384. — 8. Bemiam desciibfs b.n-U\\ aid shifting oi 
the oral aperture in ceilain ClnetopodK ]*roe. Zooloy. Sor. London, 
1900, No. Ixiv. p. 976. — NJL — References to the eaily literatuic 
conccniiiig the group Aithioiioda will he found in Cams, Orschichte 
der Zooloyie, The more important hteratuie uj) to 1892 is gi\cii in 
the admirable treatise on Embryology by Proleasors Korsehelt anil 
Heidei. '' *' (K. k. l ) 


Arthuri Chester Alan (1830-188G), twenty- 
first president of the United States, was born in Fairfield, 
Vt., 5th October 1830. His father, William Arthur, when 
eighteen years of age, emigrated from County Aiitrinj, 
Ireland, and, after teaching in various jdaces in Vermont 
and Lower Canada, became a Biiptist minister, William 
Arthur had married Malvina Stone, an American girl who 
lived at the time of the marriage in Canada, and the 
numerous changes of the family residence afforded a basis 
for allegations in 1880 that the son Chester w^as born not 
in Vermont, but in Canada, and was therefore ineligible 
for the presidency. Chesttjr eiitcn^d Union College as 
a sophomore, and graduated with honour in 184.8. He 
then became a schoolmaster, at the same time studying 
law. In 1853 he entered a law' office in New York 
City, and in the following year was admitted to the bar. 
In politics he was actively associated from the outset with 
the Hepublican party. V^en the Civil War began he held 
the position of ongineer-in-chief on Governor Morgan’s 
staff, and afterwards became acting quartermaster-general 
of the state troops, in which aipacity he showed much 
administrative efficiency. At the close of Governor 
Morgan’s term, 31st December 1862, General Arthur 
resumed the practice of his profession, remaining active, 
however, in party politics in Now York City. In Novem- 
ber 1871 ho was appointed collector of customs for the 
port of New York, The custom-house had long been con- 
spicuous for the most flagrant abuses of the “spoils 
system”; and though General Arthur admitted that the 
evils existed and that they rendered efficient administration 

^ The eyes of Oliilopoda are not thoroughly understood, and may 
or may not be capable of intezpretatiou as fitting in with those of 
Crustacea and Hexapoda. 


inqiossible, h(‘ made no cxtcusivi* reforms. In isTT 
President Hayes began the relonn of the civil .sen ice with 
the New York custom-house. A nou-partisaii commission 
appointed by Secretary Sherman recommended .sweeping 
changes. The ^iresident demanded the n*signation'» oi 
Arthur and his two priucipil subordinates. Chmeral Ai thnr 
refused, on the ground that to retire “under lire” would 
1x5 to acknowledge WTong-doing, and claimed that as the 
abuses were inherimt in a widespread .system he should 
not be made to bear the re.siionsibility alone. His cau.se 
W'as esiK)U.sed by Senator Con L ling, foi a time succes.sfully ; 
but on 11th July 187 b, during a rece.ss of the Senate, the 
collector was removed, and in January 1879, after another 
severe struggle, this action received the approval of the 
Senate. In J 880 General Arthur was a delegate at large 
fnim New York to the Hepublican National C’onveution. 
In common with tlie rest of thii “ Stalwarts ” he worked 
hard for the nomination of Grant. Ujioii the triumph of 
Garfield, the necessity of conciliating the defeated faction 
led to the hasty acceptance of Arthur for tlic second place 
on the ticket. Hi.s nomination w'as coldly received by the 
public; and when, afti'r his election and accession, he 
actively engaged on belialf of Conkling in the great con- 
flict with Garfield o\er the New York jiatronage, the 
impression wa.s widespread tliat he was unworthy of his 
position. Upon the death of President Garfield, 19th 
Si'ptember 1881, Arthur took the oath as his successor. 
Contrary to the general exiK'ctation, his appointments 
were as a rule unexceptionable, and he earnestly promoted 
the Pendleton law for the reform of the civil service. His 
use of the veto in the cases of a Chinese Immigration Bill 
and a lliver and Harbour Bill in 1882 confirmed the 
favourable impression which had been made. Hia 
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administration was lacking in political situations of a 
dramatic character, but on all questions that arose his 
policy was sane and dignified. In 1884 he allowed his 
name to be presented for renomination in the Republican 
Convention, but ho was easily defeated by the friends of 
Mr Blaine. At the expiration of his term he resumed his 
residence in New York City, where he died on 18th 
Novemte 1886. (w. a. d.) 

Artillery. — Originally this word was applicable not 
only to missSes in general, but to the instruments or 
machines from which they were discharged — slings, bows 
and arrows, tormmta^ <kc. In the following article, how- 
ever, we shall confine ourselves to the introduction of 
mofl(!rn artillery and the progress of the bodies of men 
attached to its service. 

The earliest recipe wo possess for gunpowder is that of Dr John 
Aiidcrno, who began to practise before IdtiO, and in his old ago 
was appointed surgeon to Henry lY. It was roco\ered from his 
MSS. (now among the Sloano papers) by Mr Albert Way, and 
given in his edition of the Promjttmum Pai'vuloruin, an English- 
Latiii vocabulary of the year 1440, in a note under “Gunne.** 
This recijie is; — Saltpetre, 66*6' pails; charcoal, 22*2' jmrta; 
.siiljihur, 17*7' parts. The remarkable point about this recipe is, 
Ifiat it is identical with that given for rocket eomjioaition in 
the MS. of Marcus GrdE'cus, who lived long before Friar Roger 
Racon ; and rocket coniiiosition will not jirojcct a round shot. 
The tlilfieiilty is easily explained. The lizzin^ lockei composition 
])ici»ared with the Greek's im])ure ingiedients became an oxplo&ivo 
when ])re pared with Iho comparatively jmre iii<ncdiontH of a 
later age in the same pioportions. If Bacon coulil relme nitre — 
a matter that hardly admits of a doubt— thcuo may bo a sub- 
htratiim t'f truth iii the legend of the doHiiiictioii of his Brazen 
Head Ho and Friar Buiigey, having mixc<l the pure ingredients 
in the old proportions, lay down to .sleep. TJioir servant, Miles, 
from idle curiosity, a]»plied tire to it, and produced an unexpected 
ex]ilosion winch broke some ol the chemical apparatus and terrified 
all three of them. If this view of the case be accepted giin- 
j)i)wdcr was invented by accident. It is not known who invented 
cannon, and wo must fall back on the tradition that assigns the 
invention to a Gorman monk, one Borthold Schw’artz. There is 
good e\ ideiico to show that the Germans used guns at the siege 
of Cividale in Italy, 1.131, and England had gun.s, both of iron and 
brass, in her navy in 1338. She Avas the first nation to bring 
guns into the open tields (at Crossy). Fioissart culls these guns 
in one place knnons^ in another homhardiauljr ; but Andemo cx- 
prcs.sly says they were called (joimes (in England), and Chaucer 
and Lungland a]i])1y to them this word wdiich had ]ireviously 
been used to denote tlie ancient tortru fUa, 

For some three and a half centuries after the introduction oi 
cannon artillerymen in all countries were civilians. Matters 
canio to such a pa*>s in England in the middle of the 16th century, 
that Ilciiry VIII. had to employ Dutch gunners to instruct the 
men In the time of Elizabeth the ages of some of the Toivcr 
gunners ranged from 64 to 92 years. The first to attempt any 
tirganizalion of the arm was (!«u.stavus Adoljihus. This great 
111.111 dually saw that the fundamental principle of all artillery 
oigamzatioii i.s a twofold division, the gunners who follow an 
uimy into the field, and those who do not — field artillery and 
ganison artillery, and he reorganized his artillery accordingly; 
I»ut he does not aiipoar to have taken any step towards making 
them a military fiody. When the Great Rebellion broke out, 
loud weie the conqilaints about the scaixiity and inctticiency of 
the gunners. In 1638, AVemyss, master gunner of England, 
reported that there were ‘‘few gunners in the kingdom . , . 
AN ho understand the sf'veral ranges ol ordnance or use of the 
mortar ” ; Norton refers in 1643 to ** the penury of exiiert 
gunners’’; and Eldicd denounces ‘‘the idle laziness of the 
giinners,” for Avhich he had little or no poww to punish them. 
Things became at length so intolerable that a w'arraiit, dated 
22nd August 1682, ]nit the gnnncis under military discipline. 
Strange to .say, the master gunners AVere shown as part of the 
“civil” establishment as late as 24th January 1783, in the 
establishment warrant of the ordnance. The ordnance oflicials 
had now some poAver over the gunners, yet their position Avas 
still so doubtful that a elaiuso had to be inserted in their com* 
missions irf‘1694 to )»lace it beyond all doubt. These events 
were follow’ed by the establishment of tivo jiermanent coraiianics 
of artillery, 26th May 1716, and the formation of the (present) 
Royal Regiment of Artillery, Ist April 1722. NotAvithstanding 
those iniproveraonts, Colonel Forlies Macbear, F.R.S., R.A., de- 
clares that the English artillery did not begin to assume a military 
apjiearauce until the Flanders cam])aign8 of 1748-49. 


The oMoera of the French artillery before Louis XIV. 'a time 
were only officers in the sense that they held an office. They 
were without rank in the army, and had no troops under their 
command. Only when war broke out were these offioials united 
and supplied with the necessary mai&iel. At length Vauban 
protests a^nst their position as helpless civilians, and they 
received military rank when Valli&re reorganized the artillery 
in 1782. 

“ When Frederick the Great assumed the crown he found the 
army in a veiy good condition, excepting the corps of artillery and 
engineers, which consisted chiefly of meohanics and artisans, 
scarcely looked on by the rest of the army and the officers with- . 
out commissions. His Majesty immediately drafted all the 
illiterate officers into the garrison regiments, supplying their 
places with gentlemen of examined capacity ; gave them all 
commissions, rank with the officers of the |B;uards, and an extra- 
ordina]^ l>ay. ” ^ It is strange that Capt. Sxmth, who was inspector 
of the Royal Military Academy, Woolwich, should have made no 
reference to the Prussian horse artillery. In 1778 the king formed 
a depot at Potsdam for the horse artillery (first formed 21st April 
I759h consisting of 1 captain, 1 lieutenant, 10 non-oommissioned 
officers, and 60 gunners. It is almost certain His Miyesty had 
no intention of making it a corps d'ilUc. 

Owing to the groat progress made during the 18th century by 
those arts and sciences on which the efficiency of artillery essen- 
tially depends, it increased rapidly in numbers, and colleges wore 
everywhere founded for the instruction of officers and others. The 
Royal Military Academy at Woolwich was opened in 1741. With 
regard to numbers, the four companies England possessed in the 
early years of the century were represented in Capt. Smith’s time by 
four battalions ; and these 3000 to 4000 men had swollen to 42,000 
officers and men in 1899. Other artilleries increased in similar 
pr^rtions. 

1^0 organization of the artilleries of the Groat Powers is described 
under “ Armies.” A few remarks may bo offered on the fundamental 
principles on which all these organizations are more or less based. 
Before the 18th century only one man can be named, the great 
Gustavus Adolphus, Avho clearly understood the first principle of 
all artillery organization— the separation of the personnel into 
two distinct bodies : (a) those who follow the army into the field, 
and (6) those who do not. This primary division of the artillery 
has long been practically acknowledged on the Continent and has 
boon partially adopted in England. British garrison artillery con- 
sists of two branches : (a) the garrison artillerv proper, or the 
gunners Avho defend a besieged fortress ; and (&) the siege artillery, 
or the gunners who attack an enemy’s fortress. Occasionally in a 
battle in the field guns of the 40-pr. type are used, taking up a 
fixed position which they occupy during the day. Whether those 
guns of position should be manned by garrison or field artillery 
IS miroly an academic question. The various subdivisions of the 
field artillery arise naturally from the nature of the duties they 
have to perform ; while the nature of the ordnance Avith which they 
are severally armed is determined by the axiom, tliat the proper 
gun for any duty is the heaviest gun by which it can be earned 
out. The main body of the field artillery, the field batteries, are 
intended to support the infantry ; and, in order to do so, they 
must bo capable of moving at a trot (and occasionally a gallop), 
the gunners being carried on the gun-carriages and limber, or the 

011- hurses of the gun- team. Ex})erienee shows that guns of the 
15 -pr. type, drawn by six horses, are the most suitable for this 
branch. Similarly, guns of the 7-pr. type, carried on mules, are 
the best adapted for mountain artillery. For years there was 
much difficulty in organizing a body of field artillery to support 
cavalry. At length Frederick the Great solved the question by 
the creation of lionsc artillery, so called, not because the guns are 
drawn by horses, but because the gunners accompanying their 
gun are mounted on horses of their own distinct from the gun- 
tcam. At present the British equipment consists of guns of the 

12- pr. type, each draivn by six horses. 

For some five centurio.s the word “Artillery” in England 
meant simply garrison artillery ; the field artillery only existed 
in time of Avar. When war broke out a train of artillery uas 
organized, consisting of a certain number of field (or siege) guns, 
manned by garrison gunners ; and when peace was proclaimed the 
train was disbanded, the imU/rid being returned into store, and 
tlie gunners reverting to some fort or stronghold. Tke first per- 
manent body of field artillery in England were A and B trooiis of 
the royal horse artillery raised in 1798, the drivers of whicn (as 
well as the gunners) were enlisted under the military oatli. In 
'the early years of the nineteenth century a separate driver oorps, 
under its oAvn officers, was formed for the field batteries, but it 
AA'o^ with good reason disbanded after Waterloo. The first per- 
manent force of field batteries may be dated from the camp at 
Cobham, 1853. It is impossible to say on what principles the 
reorganization in 1899 of the artillery was basea. Tuis arm 

^ Universal Military Dictionary, Capt. G, Smith, R.A. London, 1779. 
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now consists of two large separate branches : (a) the royal horse 
artillery and the field batteries, and (6) the siege artillery, 
heavy field batteries, garrison artillery proper, and mountain 
artillery. There are 28 service batteries of liorae artillery, armed 
with 12-pr. B.L. guns; 100 service field batteries armed with 
15-pr. B.L. guns ; and 12 service field batteries armed with 5>in. 
B.£. rifled howitzers— in all cases 6 pieces per battery. The 
formation of the latter was necessitated by the comi)arative flat- 
ness of the 12-pr. and 15-pr. trajectories, and the \\ant of a 
shell, with a larm angle of descent, to act upon troops under 
cover of earthworks, Ac. The officers for each rank of the horse 
artillery are selected from the field batteries, to which they 
* rctuni on promotion to the next higher rank, a system which 
gives rise to a constant interchange of officers. Tlie garrison 
artillery consists of 104 service companies, of 199 officers and men 
each, on war strength, of which 7 companies are attacluid to siego 
train batteries, and 4 to heavy field batteries for Indian service. 

A siege train battery for India consists of four 5-in. II. L. guns 
and two 6-in. B.L. howitzers. For service in South Africa, four 
7-in. B.L. guns have been substituted for 6-in. B.L. guns. An 
Indian heavy field battery is armed with four 80-])r. B.L. guns 
and two 5’4-in. B.L. howitzers. A mountain battery is armed 
with six 2‘5-in. screw R.M.L. cuns, the projectile of which 
weighs 7 1b. A 10-pr. gun is under consideration. In addition 
to ^e foregoing there are in India 10 mountain batteries armed 
with 2'5-in. R.M.L. guns, 11 manned by natives, and 4 field 
batteries of the Haidarabod contingent armed with two6-pr. S.B. | 
guns and two 12-pr. S.B. howitzers. Finally, there are 18 com- 
panies of local artillery ; at Kohat, 1 company ; at Hong- Kong, 

4 ; at Singapore, 1 ; in Ceylon, 2 ; in Mauritius, 2 ; at Sierra 
Liune, 1 ; at Jamaica, 1 ; and at St Lucia, 1. (h. w. L. ll.) 

Arts And CrAftS> — ^Tho arts of decorative design 
and liandicraft are comprehended under this title — all 
those arts and crafts, it may be said, which, in association 
with the mother-craft of building (or architecture) go to 
the making of the house beautiful. Arts and craits are 
also associated with the movement generally understood as 
the English revival of decorative art, which has character- 
ized the years since about 1875. The title itself only 
came into general use when the Arts and Crafts Exhibition 
Society was founded, and held its first exhibition at the 
Xow Gallery, Loudon, in the autumn of 1888, since which 
time arts and crafts exhibitions have b(Hm common all over 
Great Britain. The idea of forming a society for the pur- 
pose of showing contemporary work in design and liaiidi- 
craft really arose out of a movement of revolt or protest 
against the exclusive view of art encouraged by the Iloyal 
Academy exhibitions, in which oil jiaintings in gilt frames 
claimed almost exclusive attention — sculpture, architecture, 
and the arts of decorative design, being relegated to quite 
subordinate positions. In 1886, out of a feeling of dis- 
content among artists as to the inadequacy of the Iloyal 
Aiudeiuy exhibitions, considered as representing the art of 
Great Britain, a demand arose for a national exhibition 
to include all the arts of design. One of the points of 
this demand was for the annual election of the hanging 
committee by the whole body of artists. After many 
meetings the group repi'csentirig the arts and crafts (who 
belonged to a larger body of artists and craftsmen called 
the Art- workers* Guild, founded in 1881),^ ixirceiving that 
the painters, ospt'cially tho leading group of a school iK»t 
hitherto well represented in the Academy exhibitions, only 
cherished the hope of forcing certain reforms ou tho 
Academy, and were by no means prepared to lose their 
chances of admission to its privileges, still les.s to run any 
risk in the establishment of a really com])relicnsive 
national exhibition of art, decided to organize an ex- 
hibition themselves in which artists and craftsmen might 
show their productions, so that contemporary work in 
decorative art should be displayed to the public on the 
same footing, and with the same advantages as had 
hitherto been monopolized by pictorial art. For many 

^ Whose mpmWs, compreheudiug as they do the pnii' qial living 
designers, architects, painters, and craftsmen of all kinds, have played 
no inconsiderable part in tho aforesaid English revival. 
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years previously there had been great activity in the study 
and revival in the practice of many of the ni'glected decora- 
tive handicrafts. Amateur societies and classes were in 
existence, like the Home Arts and Industries Association, 
which had established village classes in wood carving, 
metal work, spinning and weaving, needlework, iMittery, 
and basket-work, and the i»ublic interest was steadily 
growing in handicraft. 1*1 le machine production of un 
industrial century luul laid its iron hands uikui what had 
formerly been tbc (*xclusive province of the handicrafts 
man, who only lingered on in a fi*w ob^nire trades and 
in forgotten corners of England for tho most ])art. The 
ideal of mechanical perfection dominated British workmen, 
and the factory system, first by extreme division of labour, 
and then by the further sjiecialization of the workman 
under macUne jirodiiction, left no room for individual 
artistic feeling among craftsmen trained and working under 
such conditions. The demand of the world-market ruled 
the character and quality of production, and to the few who 
would seek some humanity, simplicity ol construolion, or 
artistic feeling in their domestic decorations ami funiiluie 
the only choice was that of the trad(»sman or salesman, oi 
a plunge into costly and doubt tul ex]»eriments in original 
design. From the ’forties oiiwaid there had been much 
1 research and study of mediaival art in England lliere had 
I been many able designers, architeids, and anti(|U.i! ics, such 
j as the Pugins and Henry Shaw, and later William Burges, 
Butterfield, and G. E. Street and others. The sclutol of 
])ra3-lUphaelitc painters, by their careful and thorough 
methods, and their sympathy with nu'dueval design, A\ere 
among the first to turn attcMitioii to beauty of design, 
colour, and significance in the accessories of daily life, and 
artists like D. G. Rossetti, Fori I Madox Brown, and W. 
Holman Hunt themselves designed and piiiited furniture. 
Tho most successful and most practical elibrt indeed towards 
the revival of sounder ideas of construction and ^^orkInan- 
ship may bo said to have arisen out of the work of this 
group of artists, and may be traijcd to tbc workshop (j 1 
William Morris and his associates in Queen Sijuare, 
London. William Morris, whose name covers so large a lii’ld 
of artistic as well as literary and social work, came >\eiJ 
equipjHid to his task of raising the arts of dc.sign and 
handicraft, of changing the taste of his count! y men from 
tho corrupt and vulgar ostentation of the Si'cond Empiie, 
and its cheap imitations, which prevailed in tlie ’fifties and 
’sixties, and of winning them back, lor a tune at least, 
to the massive sinqilicity of plain oak furniture, or tli(3 
delicate Ixjauty of inlays of choice uoods, or the charm of 
jiainted work, the richness anil frank colour of formal floral 
and heraldic jiattern in silk textiles and wall -hangings 
and carpets, the gaiety and frivshiiess (d’ printed cotton, or 
the romantic sjilendoiir of arras tapi’slry. Both William 
Morris and his artistic comrade and lilc-long friend, Edward 
Burne-Jones, weie no doubt much influenced at tho 
outset by the imaginative insight, the jiassionate artistic 
feeling, and the love of niedaeval romance and colour of 
Dante Gabriel Rossetti, vlio remains so remarkable a 
figure in the gri'at artistic and poetic nwival of the latter 
half of the VMh century. To William orris himself, in 
his artistic cyirecT, it was no small advantage to gam the 
ear of the English public fiist by his poetry. His verse- 
craft heljKid his handicraft, but both lived side b^ side. 
The secret of Morris’s great influence in the revival v^as no 
doubt to be attributed to his way of jiersoiially mastering 
the w-orking debiils and handling of each craftrfie took up 
in turn, as well as to his power of inspiring his helpers and 
followers. He was painter, designer, scribe, illuminator, 
wood-engraver, dyer, weaver, and finally printer and imjier- 
maker, and having mastered these crafts he could effectively 
direct and criticize the work of others. His own work 
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and that of Burne-Jones were well known to the public, 
and in high favour long before the Arts and Crafts 
Exhibition Society was formed, and though largely helped 
and inspired by the work of these two artists, the aims 
and objects of the society rather represented those of a 
younger generation, and were in some measure a fresh 
development both of the social and the artistic ideas which 
were represented by liuskin, Rossetti, and Morris, though 
tlie society includes men of different schools. Other 
sources of influence might be named, such as the work of 
Norman Shaw and Philip Webb in architecture and 
decoration, of Lcav is Day in surface pattern, and William 
de Morgan in jKittery. The demand for the acknowledg- 
inemt of the jKirsonality of each responsible craftsman in 
a co-o]>erative work was new, and it had direct bearing 
upon the social and economic conditions of artistic pro- 
duction. The principle, too, of regarding the material, 
object, method, and puriK)8e of a work as essential condi- 
tions of its artistic expression, the form and character of 
which must always be controlled by such condition.s, had 
nc.ver before been so em]>hatically stated, though it practi- 
cally endorsed the somewliat vague aspirations current for 
the unity of Iniauty with utility. Again, a very notable 
return to extreme simplicity of design in furniture and 
surface decoration may be renwirked ; and certain reserve 
in the use of colour and ornauii nt, and a love of abstract 
forms in decoration generally, which are characteristic of 
later taste. Not less remarkable has been the new develop- 
ment in the design and workmanshi]) of jewellery, gold- 
aiid silver-smiths* work, and enamels, with which the names 
of Alexander Fisher, Henry Wilson, Nelson Dawson, and 
C. 11. Ashbee are associabid. Among the arts and crafts 
of design which have blossomed into new life in recent 
years — and there is hardly one which has not been touched 
by the new spirit — book -binding must be named as 
having attained a fresh and tasteful development through 
the work of Mr Cobden-Sanderson and his pupils. The 
art and craft of the needle also must not he forgotten, 
and its progress is a good criterion of taste in design, 
choice of colour, and treatment. The work of Mrs 
Morris, of Miss Burden (sometime instructress at the 
Royal School of Art Needlework, which has carried on its 
work from 1875), of Miss May Morris, of Miss Una Taylor, 
of Miss Buckle, of Mrs Walter Crane, of Mrs Newl^ry, 
besides many other skilled needlewomen, has been fre- 
quently exhibited. Good work is often schjii in the 
national comiietition works of the students of the English 
art schools, shown at South Kensington in July. The 
increase of late years in these exhibitions of designs 
worked out in the actual material for which they were 
intended is very remarkable, and is an evidence of the 
spread of the arts and crafts movement (fostered no doubt 
by the increase of technical schools, especially of the tyjje 
of the Central School of Arts and Crafts under the 
Technical Education Board of the London County Council), 
of which it may be said that if it has not turned all 
British craftsmen into artists or all British artists into 
craftsmen, it has done not a little to ex^jand and socialize 
the idea of art, and (jnsrhaps it is not too much to say) 
lias made the tasteful English house w'ith its furniture and 
decorations a model for the civilized world. (w. cr.) 

Aru (Dutch Aroe) Islands, a group in the Dutch 
residency of Amboyna, S. of New Guinea, in S'* 18' to 
7“ 5' S. ard 134" 8' to 134" 56' E. The larger islands 
(Wokan, Kobrur, Maikor, and Traugan), and certain of 
the lesser ones are regarded by the Malays as one land 
mass which they call tana Ijemr (“great land’*). Their 
area is 2442 square miles, not densely populated by 
about 13,000 inhabitants, of whom 581 are Christians 


and 409 Mahommedans. The chief town, Dobbo, is 
visited by steamers of the Royal Steam Packet Company. 
The natives are governed by rajas {orang kajas^ the 
Dutch Government being represented by a jmtkovder. 

Aruwimi, R. See Congo. 

ArJMiffflMi a district town of Russia, government 
and 81 miles S.W. of Nijni Novgorod, on the Tesha river. 
It is an important centre of ti^e, and has fifteen tan- 
neries, twenty oil-works, flour-mills, and tallow-melting 
houses, and knitting is an important domestic industry. 
Population, 10,591. 

Asbjdrns0ii, Pater Christen (1812-1885), 
and Mosp Jdr|gen Enffebreteen (1813-1882), 
the eminent collectors of Norwegian folklore, were so closely 
united in their life’s work that it is unusual to name them 
apart. Asbjornsen was bom in Christiania on the 15th 
January 1812; he belonged to an ancient family of the 
Gudbrandsdal, which is believed to have died with him. He 
became a student at the university in 1833, but as early 
as 1832, in his twentieth year, he had begun to collect 
and write down all the fairy stories and legends which 
he could meet with. Later he began to wander on foot 
through the length and breadth of Norway, adding to his 
stores. Moe, who was born at Mo i Hole parsonage, in 
Ringerike, on the 22nd April 1813, met Asbjornsen first 
when he was foiii*toen years of age. A close friondshi]> 
l>egan between them, and lasted to the end of their lives. 
In 1834 Asbjornsen discovered that Moe had started in- 
deiKuidently on a search for the relics of national folklore; 
the friends eagerly compared results, and determined for 
the future to work in concert. By this time, Asbjornsen 
had become by profession a zoologist, and with the aid of 
the university made a series of investigating voyages along 
the coasts of Norway, jiarticularly in the Hardanger fjord. 
Moe, meanwhile, had devoted himself to the study of 
theology, and was making a living as a tutor in Christiania. 
In his holidays he wandered through the mountains, in 
the most remote districts, collecting stories. In 1842-43 
ap|>eared the first instalment of the great work of the two 
friends, under the title of Norwegian Popular Stories^ which 
was received at once all over Euroi)o as a most valuable 
contribution to science as well as literature. A second 
volume was published in 1844, and a new collection in 
1871. In 1845 Asbjornsen published, without help from 
Moe, a coUection of Norwegian fairy tales {Jvuldreeventyr 
og folkesagn). In 1856 the attention of Asbjornsen was 
called to the deforestation of Norway, and he induced the 
Government to take up this important question. He 
was appointed forest-master, and was sent by Norway to 
examine in various countries of the north of Europe the 
methods observed for the preservation of timber. From 
these duties, in 1876, he withdrew with a iiension; he 
died in Christiania on the 6th Januaiy 1885. From 1841 
to 1852 Moe travelled almost every summer through the 
southern parts of Norway, collecting traditions in the 
mountains. He had, however, long intended to take holy 
orders, and in 1853 he did so, becoming for ten years a 
chaplain in Sigdal, and then (1863) parish priest of 
Bragernos. He was moved in 1870 to the parish of 
Vostre Aker, near Christiania, and in 1875 he was 
appointed bishop of Christianssand. In January 1882 
he resigned his diocese on account of failing health, and 
died on the following 27th March. Moe has a special 
claim on critical attention in regard to his lyrical poems, 
i>f which a small collection appeared in 1850. He wrote 
little original verse, but in his slender volume are to be 
found many pieces of exquisite delicacy and freshness. 
Asbjornsen and Moe had the advantage of an admirable 
style in narrative prose. It was usually said that the 
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vigour of it came from AAbjornsen and the cliarm from 
Moe, but tbe fact seems to be that from the long habit of 
writing in unison they had come to adopt almost precisely 
identi^ modes of literary expression. (e. g.) 

AMMnSlonp an island situated in the Atlantic 
Ocean, 800 miles north-west of St Helena. It is described 
in the Beports of the Ch4dlenger> “a series of extinct 
volcano cones.” Ascension was comjmred by Darwin to 
a huge ship kept in first-rate order.” It is under the 
• jurisdiction of the Admiralty, is garrisoned by marines, and 
is rated as a ship of war. The bare hills have Inien covered 
with plants and shrubs, a road has been constructed for 
six miles from the landing-place, and a good water supply 
secured. The average raiidall is slight, March and April 
being the rainy months. Population, about ICO sailors, 
marines, and Krumen from the Liberian coast. Fish, 
turtle, and edible birds’ eggs are the chief products. 

ASChf a manufacturing town of Bohemia, in the 
government district of Eger, near the Saxon and Bavarian 
frontiers, and a station on the Bavarian State Railway. 
Population in 1890, 15,556 ; in 1900, 19,146 (all Gennan 
— 70 per cent. Protestant, 30 cent. Roman Catholic). 
It is the seat of a Protestant superintendent, whose 
jurisdiction extends over fourteen villages, of which six 
are in Bavaria. It contains monuments to Luther and to 
the Germanizing and liberal Austrian emperor, Joseph li. 
Important textile industry employs 11,000 hands, and 
there are manufactures of knitted goods (2300 liands), 
leather, machinery, bleaching, dyeing, brewing, <kc. 

AMhafFenburff, a town of Bavaria, Germany, 
district Lower Franconia, on (he right bank of the Main, 
26 miles S.E. from Frankfort by rail. The parish church 
of Our Lady and the church of St. Agatha have been 
lately restored. There is an archaeological museum. 
Ready-made clothing, paper, cellulose, tobacco, lime, and 
liqueurs are manufactured. Population (1900), 18,091. 
In March and July 1901 two suburbs were incorporated, 
raising the total population to 22,181. 

ASChsrSlObOlli a town of Prussia, province of 
Saxony, 36 miles by rail N.W, from Halle. There are 
iron, zinc, and chemical manufactures, and the cultivation 
of agricultural seeds. Here are brine springs and baths. 
Population (1885), 21,519; (1900), 27,245. 

ASCOll PIC0nOf a town and bishop’s see of Italy 
(the Marches), capital of the province of Ascoli, situated 
on the E. side of the Apennines, 57 miles by rail S. from 
Ancona. The cathedral was restored in 1888, and is 
adorned with modern frescoes. There are an antiquarian 
museum, an agricultural school, and a training school for 
female teachers. The industries of Ascoli include silk- 
worm breeding, flour-mills, brickworks, limekilns, potteries, 
and factories for furniture and vehicles. Population, 
commune (1881), 23,225, (1901), 28,882 ; province (1881), 
209,185, (1901), 245,883. 

Ashanti. See Gold Coast. 

Ashby -ds- la- Zouchf a market-town and 
railway station, in the Bosworth parliamentary division 
of Leicestershire, England, 16 miles N.W. by W. of 
Leicester. The old church of St. Helen has been restored 
and enlarged, a Queen Eleanor cross erected to the 
Countess of Loudoun, a grammar school built, the charity 
Hluecoat and Groencoat schools have been enlarged, and a 
cottage hospital has been opened. Area of urban district 
(co-extensive with parish), 6061 acres; population (1901), 
4722. 

Ashsvills, a city of North Carolina, U.S.A., and 
capital of Buncombe county. It is situated in the western, 
mountainous part of the state, in 35*" 35' N. lat. and 
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82* 33' W. long., on a terrace above the French Broad, on 
the north bank, at the mouth of the Swananoa, and at 
an altitude of 2000 feet. The site is uneven and tbe 
plan is irregular. It is noted as a winter health 
resort, particularly for Northern people. It is entered by 
the Southern railway, by which it lias connexions east 
ward and westward. It is the seat of Asheville Female 
College. Near it is Mr G. W. Vanderbilt’s estate, 
Biltmore, of 100,000 acres, mainly forest land, on which 
tree culture has been conducted on a large scale. Popu- 
lation (1900), 14,694. 

Ashfbi^p a market-town and railway station in the 
Ashford parliamentaiy division ol Kent, England, on the 
Esshe, a branch of the Stour, 14 miles S.W. of Canterbury. 
Ashford has agricultural implement works, breweries, and 
locomotive and carriage works. Area of urban district, 
2850 acres; population (1891), 10,728; (1901), 12,808. 

Ashlftndp a city of Boyd county, Kentucky, U.S.A., 
situated in the north-eastmii j>art of the state, on the 
south bank of the Ohio and on tin* Chesajieake and Ohio 
railway, at an altitude of 537 fc*et. It has im])ortant 
iron manufactures and considerable commerce, especially 
by river. Population (1900), 6800. 

Ashiftndf a bonmgh of Schuylkill county, in ^astern 
Pennsylvania, U.S.A., situated in the anthraciW coal region, 
at an altitude of 856 feet; a coal -mining place on the 
Lehigh Valley and the Philadelphia and Reading railways. 
Population (1900), 6438. 

Ashlandp a city of Wisconsin, U.S.A., and ca])ital 
of Ashland county, situat(‘d in the northern part of the 
state, at tht‘ head of Chaquamegon Bay, an arm of Lake 
Superior. It is in 46“ 35' N. lat. and 00“ 58' W. long., 
at an altitude of 678 feet. It was founded in 1885 by 
the discoveiy of the Gogebic Rangcj iron mines, 40 miles 
south-east. Its plan is regular. The Northern Pacific, 
the Wisconsin Central, the Chicago, St Paul, Minneapolis, 
and Omaha, and the Chicago and North-Western railways 
serve it; and it has also an extensive lake commtTce, 
princijially in lumber and iron ore. Population (1890), 
9956; (1895), 12,310; (1900), 13,07i 

Ashtabulaf a city of Ashtabula county, Ohio, 
TT.S.A., in the north-eastern part ol the stab*, near the shore 
of I^ake Erie ; altitude, 647 feet. It is an important 
railway centre, being traversed by two gr(*at trunk lines and 
the terminus of a third. Having a line harbour, it is a 
considerable lake port, shipping vast quantities of iron ore, 
in transjiort from the iron ranges of Lake Superior to Pitts- 
burg for smelting. Population (1900), 12,949. 

Ashton-in-Makerfleid, a township in the 
Newton {larliamentary division of Lancashire, England, .7 
miles N. by W. of Warrington. The district is ricli 
minerals and has large (*ollieries, and a colliery company’s 
institute ; iron goods are manufactured. Area of urban 
district, 6250 acres, Pojmlation (1901), 18,687. 

Ashton-under-Lyne, a municqial and parlia- 
mentary borough (one member) of Lancashire, England, 
on the Tame, 6J miles E. of Manchester by rail. Modern 
structures are a church, a Congregational chaiiel (£50,000), 
a theatre, a technical school, a school of art and free library, 
a children’s hospital, and a new post-office. The market- 
place and town liall have lieen enlarged. There is a public 
park of 64 acres. Population of municipal borough in 
1881, 37,040; in 1891, 40,463; in 1901, 4?4890. In 
No^ ember 1898, a portion of the urban district of Dukin- 
field in Cheshire was added to the borough of Ashton- 
under-Lyne, and part of the borough was transferred to 
Dukinfield. As rearranged, the municiiial borough lias an 
area of 1396 acres. 
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“^EXT to Africa, wc shall probably find in Asia, oldest of 
iAl the Old World continents, a greater store of new facts 
jircisentcd to us, or, it may be, of old facts with 
In features revealed by the light of modern 
coaiittMiai bcientific research, than in any other quarter of 
phyMio* the globe. It is in the realm of physical 

grmphy, geograjdiy, and its collateral branches of science, 

that we have cluctiy to mark important accessions of 
knowledge ; and the knowledge thus acquired is, through- 
out the continent, given to us rather in the form of more 
e\,iet in formation than as absolutely miw discovery which 
might lead to any largo correction of preconceived ideas. 

iUmend EyiKin&itm of Extict Surveya, 

Tlie jirogross of geodetic surveys in Kussia had long ago 
t'xtended across the European lialf of tlie great empire, 
l^etersburg being connected witli Tiflis on the southern 
slopes of the Caucasus by a direct system of triangulation 
earned out with the highest scientific ])recision. Peters- 
burg, again, is coiinocte'd with Grt'enwich by Eunqican 
systems of triarigulation ; and the GR‘enwich meridian 
lavs been adopted by Russia as the zero for all her longi- 
tude values. But beyond the eastern shores of the Casjiian 
no system of direct geodetic measurement by first-class 
triangulation has as yet lieon possible, and the surveys of 
Asiatic Russia are separated from those of Europe by the 
width of that inland sea. The and nature of the trans- 
Caspian deserts has so far proved an insuperable olistacle 
to those rigorous methods of geodetic survey which dis- 
tinguish Russian methods in Kuro[ie, so that Russian 
geography in Central Asia is dejiendcnt on other means 
than that of direct meaaureiiKuit for the co-ordinate values 
in latitude and longitude for any given point. The 
astronomical obsi^rvatory at Tashk(mt is adopted for the 
initial starting-point of the tnins-C^aspian triangulation of 
Russia ; the triangulation ranks as second class only, and 
now extends to the l^aiiiir frontier beyond Osli. The longi- 
tude of the Tashktuit observatory has been determined by 
telegraph ditFerentially with Pulkova as follows : — 

11 > 1 . s. 

Ill 1875 vid Ekaterinburg and Omsk . 2 35 52*151 

,, 1891 „ iSaruiow ,, Orenburg 2 35 62*228 

,, 1895 ,, Kiow ,, Baku 2 35 51*997 

With these throe inde])endent values, all falling within a 
range of 0**25, it is improbable that the mean value has an 
error as large as 0**10. 

Exact surveys in Russia, based upon triangulation, 

extend as far east as Chinese Turkestan in longitude about 
a/ 75” E. of Greenwich. In India geodetic tri- 
Mur- angulation furnishes the basis for exact surveys 
rayM la as far east as the eastern boundaries of Burma 
in longitude about 100" E. 

The years since 1875 have witnessed the forging of the 
final links in the great geodetic triangulation of India, so 
far os the peninsula is concerned. Further geodetic con- 
nexion with the Eurojiean systems still remains to be 
acconqilished. Since 1890 further and more rigonius 
a]iplication of the telegraphic method of determining 
longitudes ditiferentially with Greenwich lias resulted in 
a slight correction (amounting to about 2^ of arc) to the 
previous determination by the same method through Sudz. 
This last determination was effected through four arcs as 
follows : — 

I. Greenwich — Potsdam. * 

11. Potsdam — Teheran, 
in. Teheran — Bushire. 

1 Bushire —Karachi. 


Each arc was measured with every precaution and a multi- 
tude of observations. The only element of uncertainty 
was caused by the retardation of the current, which 
between Potsdam and Teheran (3000 miles) took 0**20 to 
travel; but it is probable that the final value can be 
accept^ as correct to within 0**05. 

The final result of this latest determination is to place 
the Madras observatory 2' 27" to the west of the position 
adopted for it on the strength of absolute astronomical 
determinations. 

But whilst we have yet to wait for that expansion of 
first-class geodetic triangulation which will bring Asia into 
connexion with Euro ])0 by the direct process 
of earth measurement, we have already effected p^twaea 
a tojiographical connexion between Russian and Ruaalma 
Indian surveys which sufficiently proves that ^f^todlaa 
the deductive methods employed by both 
countries for the determination of the co-ordinate values 
of fixed points so far agree that, for all practical purposes 
of future Asiatic cartography, no difficulty in adjustment 
between Indian and Russian mapping need be appre- 
hended. This connexion was effected near Lake Victoria 
during the Pamir Boundary Commission of 1895, The final 
values determined in longitude for the initial pillar of the 
Iwundary by the Russian and English surveyors respec- 
tively differed by about 1 *0" only, a difterenco which will 
never lead to serious difficulties in mutual map adjust- 
ment. In connexion with the Indian triangular QxiBualoa 
tion minor extensions carried out on systems of #eo- 
involving more or less irregularity have been graphical 
pushed outwards on all sides. They reach 
through Afghanistan and Baluchistan to the eastern dis- 
tricts of Persia, and along the coast of MakrAn to that of 
Arabia, They have long ago included the farther moun- 
tain peaks of Nejml, and they now branch outwards 
towards Western China and into Siam. These far exten- 
sions furnish the basis for a vast amount of exploratory 
survey of a strictly geographical character, and they have 
contributed largely towards raising the standard of 
accuracy in Aiiiatic geographical surveys to a level which 
was deemed unattainable ^ty years ago. There is yet a 
vast field open in Asia for this class of surveys. Whilst at 
the close of the 19th century Western Asia (exclusive of 
Arabia) may be said to be freed from all geographical 
perplexity, China, Mongolia, and Eastern Siberia still in- 
clude enormous areas of which our geographical knowledge 
is in a primitive stage of nebulous uncertainty. 

Of scientific geographical exploration in Asia (be- 
yond the limits of actual surveys) the period since 1S70 
has been so prolific tlmt it is only possible to 
refer in barest outline to somo of the principal 
ex})editionB, most of which liave been directed 
ei^er to the great elevated tableland of Tibet, or to the 
central depression which exists to the north of it In 
Southern Tibet the trans-Himalayan explorations of the 
native surveyors attached to the Indian survey, 
notably pundits Nain Sing and Kishen Sing, ^^xpionra 
have added largely to our knowledge of the great 
plateau. Nain Sing explored the sources of the Indus 
and of the Upixir Bi^maputra in the years 1865-67 ; and 
in 1874-75 he followed a line from the eastern frontiers of 
Kashmir to the Tengri Nor lake and thence to Lhasa, in 
which city he remained for some months. Kishen Sing's 
remarkable journey in 1879-82 extended from Lhasa 
northwards through Tsaidam to Sachu, or Saitu, in Mon- 
golia. He subsequently passed through Eastern Tibet to 
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the town of Darchendo, or Ta Chicn Lu, on the high road from which emanate the great rivers of Chirm, Suiiu, and 
between Lhasa and Peking, and on the borders of China. Burma. He irenetrated soutliwa^s to within a month’s 
Failing to reach India through Upper Assam he returned march of Lhasa. Tn 1876 he visited the Lob 
to the neighbourhood of Lhasa, and crossed the Himalayas Nor and discovered the Altyn Tagh range. In 
by a more westerly route. Both these explorers visited 1879 he followed u]) the IJraiigi r-iver to thci 
Lhasa. Altai mountains, and demonstrated to the world the 

In 1871-73 the groat Itussian explomr, Prjevalski, extraordinary physical (haiiges which have passed over 
•crossed the Gobi desert from the north to Kansu in the heart of the Asiatic continent shice (yhenghiz Khan 
Western China. Ho first defined the geograi)hy of Tsaidam, massed his vfist armies in those provinces, l ie crossed, 
* And mapped the hydrography o( that nimarkablo rc'gion, and named, the Dziingaiuin extension of the Gobi desert, 



Sketch Mai* of Asia. 


and then traversed the Gobi itself from Kami to Sachu, greatly to our knowledge of the topography of Western 
which became a point of junction between his journeys Chinese Turkestan and the northern borders of Tibet; all 
and those of Kishen Sing. He visited the sources of the these Russian exjieditioiis lx*ing conducted on scientific 
Hoang-ho (Yellow river) and tho Salween, and then re- principles and yielding results of the highest value, 
turned to Russia. His fourth journey in 1883-85 was to Although tho establishment of a lucrative tiudc between 
Sining (the great trade centre of the Chinese borderland), India and Central Asia had been tho dream of ipaiiy suc- 
and thence through Northern Tibet (crossing tho Altyn cessivo Indian viceroys, and much had ten done 
Tagh to Lob Nor), and by the Cherchen-Kiria trade towards imjiroviiig tho approaches to Simla from ^xpion- 
route to Khotan. From Khotari he followed the Tarim thenorth,very little was really known of the high- tionxln 
to Aksu. lands of the Pamirs, or of the rof^ons of the 

Following Pijevalski the Russian explorers, Pevtsoff and great central de])res8ion, before the mission of Sir * ^ 
Roborovski, in 1889-90 (and again in 1894) have added l)ouglaa Forsyth to Yarkand in 1870. Shaw and Hay- 
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•ward were the Euro|>ean pioneers of geography into the 
central dominion of Kashgar, arriving at Yarkand within 
a few weeks of eadi other in 1868. Sliaw subsequently 
accompanied Forsyth’s mission in 1870, when Trotter 
made the first maps of ( ’hineso Turkestan. The next great 
accession to our knowledge of C^entral Asiatic geography 
was gained with tlie llusso-Afghan Boundary Commission 
of 1884-86, wIhmi Afghan Turkestan and the Oxus regions 
were mapjHid by surveyors under Holdich ; and when Ney 
Elias crosse^l from C’liina through the Pamirs and Badak- 
shan to the camp of the commission, identifying the great 
“ Dragon l^ake,” liangkul, on his way. About the same 
time a mission, under Lockhart, crossed the Hindu Kush 
into Waklian, and returned to India by the Bashgol valley 
of Kaiiristan. This was Woodthorpe’s op])ortunity, and he 
was then enabled to verify the results of McNair’s previous 
ex]dorations, and to determine the confonnation of the 
Hindu Kush. In 1885 Carey and Dalgleisli, following 
more or less the tracks of Prjevalski, contributed much 
that was new to the map of Asia; and in 1886 Young- 
husband comideted a most adventurous journey across the 
lieart of the coniinf'tit by crossing the Muztagh, the great 
mountain barrier l>etween China and Kashmir. 

It was in 1886-87 that Bonvalot, acconqttinied by Prince 
Henri d’Orleans, crossed the Tibetan plateau from north 
to south, but failed to enter Idiasa. In 1889-91 
Tibetma American traveller, llockliill, commenced his 

Tibetan journeys, and also attempted to reach 
Lhasa, without success. By his writings, as much 
as by his explorations, Rockhlll has made his name great 
in the annals of Asiatic resean*li. In 1891 Bower made 
his famous journey from Leh to Peking. He, tcK), failed to 
IHinetrate the jealously guarded portals of Lhasa ; but h(5 
secured (witli the assistance of a native surveyor) a splendid 
luldition to our iirevious TilK'tan ma])ping. In 1891-92-93 
the gallant Fnmch exi)lorer, Do Rhins, was in the field of 
'Filx't, where he finally sacritu;ed Ins life to his work ; and 
the same years saw Curzon in the Pamirs, and Littledale 
on Jiis first great Tibetan journey, accomj)aiued by his wife. 
Littlodale's first journey endeil at Peking ; liis second, in 
1894-95, took him almost within sight of the sacred walls 
of Lhasa, but he failed to ])as8 inside. Qnuitest amongst 
recent Asiatic explorers (if we exciept Prjevalski) is the 
brave Swede, Sven Hedin, whose travels through the deserts 
of ’Fukhla Makau and Tibet, and whose investigations in 
the glacial regions of the Sarikol mountains, occupied him 
from 1894 to 1896. Hisisatrulymonumentaliecord. From 
1896 to 1898 we find two British cavalry officers taking 
the front position in the list of TilKitaii travellers — Well by 
of the 18 til Hussars, and Deasy of the 16th Lancers, each 
striking out a new line, and ea«di i*endering most valuable 
service to geography. Tli(» latter continued the Pamir 
triaiigulatioii, which had Ixen carried across the Hindu 
Kush by Holdich and Wohab during the Pamir Boundary 
Commission of 1895, into the plains of Kashgar and to 
the sources of the Zarafsluin. 

Meanwhile, m the farther east so rapid has liecn the 
]>rogress of geographical research since the first beginnings 
of investigation into the route connexion be- 
tween Burma and China in 1874 (when the 
J/oflft”*" bravo Margary lost his life), that a gradually in- 
creasing tide of exploration, sotting from east to 
west, and back again, has culminated in a flood of inquir- 
ing exports intent on economic and commercial develop- 
ment in China, essaying to unlock those doors to trade 
which are hereafter to be propped o^ien for the benefit of 
humanity. Gill, of the Indian survey, first made his way 
across CJiina to Eastern Tibet and Burma, and subse- 
quently delighted the worhl with his story of the Biver 
of Golden Sand. Then followed another charming writer, 


Baber, who, in 1877-78, unravelled the geographic mys- 
teries of t^ western provinces of the Celestial empire. 
Mark Bell crossed the continent in 1887, and illustrated 
its ancient trade routes, following the steps of Colquhoun, 
who wandered from Peking to Talifu in 1881. Meanwhile, 
the acquisition of Burma and the demarcation of bound- 
aries had opened the way to the extension of geogiaphlcal 
surveys in directions hitherto untraversed. Woodthor^ie was 
followed into Burmese fields by many others ; and amongst 
the earliest travellers to those mysterious mountains which* 
hide the sources of the * Irrawaddy, the Salween, and the 
Mekong, was Prince Henri d'Orl^us. Buniuk was rapidly 
brought under survey ; Siam was already in the ma[>- 
making hands of McCarthy, whilst Curzon and Warrington 
Smyth added much to our knowledge of its picturesque 
coast districts. 

Turning our attention westwards, no advance in the pro- 
gress of scientific geography is more remarkable than that 
recorded on the northern and north-western fron- 
tiers of India. Here there is little matter of 
exploration. It has rather been a wide extension Atgbmah 
of scientific geographical mapping. The Afglian Beiu^ 
war of 1878-80 ; the Russo-Afghan Boundary 
Commission of 1 884-85 ; the occuimtion of Gilgit 
and Chitral ; the extension of boundaries east and north 
of Afghanistan, and again, between Baluchistan and 
I Persia — these, added to the opportunities afforded by 
the systematic survey of Baluchistan which has been 
steadily progressing since 1880— -liave combined to pro- 
duce a series of geographical maps which extend from 
the Oxus to the Indus, and from the Indus to the 
Euphrates. 

In these professional labours the ludian surveyors have 
been assisted by such scientific geographers as Houtoum 
Schindler, Vaughan, and Sykes in l^ersia, and by Robert- 
son and Cockerill in Kafiristan and the Hindu Kush. 

In still more western fields of research much addi- 
tional light has been thrown since 1875 on the physio- 
graphy of the great deserts and oases of Arabia. 

The ]al>ours of Doughty and Blunt in Northern 
Arabia in 1877-78 were followed by those of Schwein- 
I furth and Glaser in the south-west about ten years 
I lati'r. In 1884-85 Mills made his adventurous journey 
through Oman, whilst Bent threw searchlights backwards 
into ancient Semitic history by his investigations in the 
Bahrein Islands in 1888, and in Hadramut in 1894-95. 

In Northern Asia it is impossible to follow in detail the 
results of the organized Russian surveys. The vast steppes 
and forest-clad mountain regions of Siberia have i^prtbent 
assumed a new geographical aspect in the light Aeim, 

\ of these revelations, and alixjady promise a new SIbeelm, 

\ world of economic resources to Russiau enter- 
prise in the near future. A remarkable expedition by 
Baron Toll in 1892 through the regions watered by the 
Lena, resulted in the collection of material which will 
greatly help to elucidate some of the ])roblem8 which beset 
the geological history of the world, proving inten' alia the 
primeval existence of a boreal zone of the Jurassic Sea 
round the North Pole. The distinguished scientist, Richt- 
hofen, has enriched the world by the results of his investi- 
gations into the physiograjihy of the North-East in China,. 
Korea, and Jajmn. 

It is not possible further to follow the footsteps of that 
great company of geograi)hers of all nations who have 
searched for new material for the illustration of Asiatic 
* geography, geology, and history. In no period of the 
worid’s history, of equal length of time, has so much 
scientific enterprise been directed towards the field of 
Asiatic inquiry as during the last quarter of the 19th 
century. 



A S 

General Ph^eiography of the Anatic Continent 

Asia is divided laterally along the imrallel of 40*’ N. lat. 
by a depression which, commencing on the east of the 
desert of Gobi, extends westwards through Mongolia to 
Chinese Turkestan. To the west of ICasligar the central 
depression is limited by the meridional range of Sarikol 
and the great elevation of the Pamirs, of which the Sarikol 
is the eastern face. The level of this depression (once a 
vast inland sea) between the mountains which enclose the 
* sources of the Hoang-ho and the Sarikol range probably 
never exceeds 2000 feet above sea, and modern researches 
tend to prove that in the central jwrtions of the Gobi 
{about Lob Nor) it may be actually below sea-lovel. A 
vast proportion of the continent north of this central line 
is but a few hundred feet in altitude. Shelving gradually 
upward from the low flats of Siberia the general continental 
level rises to a great central water-parting, or divide, which 
stretches from tlie Black Sea through the Elburz and the 
Hindu Kush to the Tian Shan mountains in the J'amir 
region, and hence to Bering Strait on the extreme north- 
(*:ist. This great divide is not always marked l»y well- 
defined ranges facing steeply either to the north or south. 
There are considerable sjiaces where the strike, or axis, of 
the main ranges is transverse to the water-parting, which 
is then reiiresented by intermediate highlands forming 
lacustrine regions with an indefinite watershed. Only a 
part of this great continental divide (including such ranges 
as the Hindu Kush, Tian Shan, Altai, or Khangai) rises to 
any great height, a considerable jiortion of it Inung l»clow 
5000 feet in altitude. South of the divide the level at 
once drops to the central depression of Gobi, which forms 
a vast interior, almost waterless, space, when' the hxjal 
drainage is lost in deserts or swamps. South of this 
enclosed depression is a second great hydrograjihic barrier 
which parts it from the low plains of the Amur, of China, 
Siam, and India, sinking into the shallows of the Yellow 
Sea and the shoals which enclose the islands of Jaiian and 
Formosa, all of them once an integral part of the con- 
tinent. This second Iwirrier is one of the most mighty 
upheavals in the world, both by reason of its extent and 
its altitude. Starting from the Amur river and reaching 
along the eastern margin of the Gobi desert towards the 
sources of the Hoang-ho, it merges into the Altyn Tagh 
and the Kuen Lun, forming the northern face of the vast 
Tibetan highlands which are bounded on the south by the 
Himalaya. This great lac-ustrine idal^au averages 1 5,000 
feet above sea-level. The Pamir highlands between the 
base of the Tian Shan mountains and the eastern buttresses 
•of the Hindu Kush unite these two great divides, enclosing 
the Gobi depression on the west ; and they would again 
be united on the east but for the transverse valley of 
the Amur, which parts the Kinghan mountains from the 
Yablonoi system to the east of Lake Baikal. 

If we consider the whole continent to be divided into 
three sections, viz., a northern section with an average 
altitude of less than 5000 feet above sea, where all the 
main rivers flow northward to the Mediterranean, the 
Arctic Sea, or the Caspian ; a central section of depression, 
where the drainage is lost in swamps or “ hamiins,” and 
•of which the average level probably does not ajiproach 2000 
feet above sea; and a southern section divided between 
highly elevated tablelands from 15,000 to 16,000 feet in 
altitude, and lowlands of the Arabian, Indian, Siamese, and 
Chinese peninsulas, with an ocean outlet for its drainage, 
we find that there is only one direct connexion between 
northern and southern sections which involves no moun- 
tain passes, and no formidable barrier of altitudes. That 
one is afforded by the narrow valley of the Hari Bud to 
the west of Herat. From the Caspian to Karachi it is pos- 
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sible to pass without encountering any orographic obstacle 
greater than the divide which separates the valley of the 
Hari Rud from the Helmund “ hamiin ” basin, Avhich may 
be represented by an altitude of about 4000 feet above 
sea-level. This fact possesses great significance in coimex ion 
with the development of Asiatic railways. 

Hydrography . — If we examine the hydrographic basins 
of the three divisions of Asia thus indicated we find that 
the northern division, which includes the drainage falling 
into the Arctic Sea, the A.ralo-C\asj>ian dcfircssion, or the 
Mediterranean, embraces an area of about 6,394,500 square 
miles, as follows — 


Sq. tilling 

Area of Arctic river basins . . . 4,367,000 

,, AraIo-Cas|)iaii basm . . 1,759,000 

,, Mediterranean . . . 268,500 

Total . . . 6,394.500 

The southern division is nearly equal in extent — 

Sq Tnil«*s 

Pacific drainage . . . 3,641,000 

Indian Oeean . . 2,873,000 

Total . . 6,;»1 ‘1,(100 


The intorioi or inland basins, including I he lacustrine 
regions south of tlie Arctic watcrshi'd, tlie Gobi depres- 
sion, Tibetan plateau, lln* lianian (or P(‘rso Aiglian) up- 
lands, the Syro Arabian inland Itasin, and that of Asia 
Minor, amount to 3, Ml. 500 wp miles, or about half the 
extent of the other two. 

By far the largest Asiatic river basin is that of the Ob, 
which exceeds 1,000,000 sq. miles in extent. On the isast 
and south the Amur embraces no less than 776,000 sij. 
miles, the Yang-tse-kiang including 685,000, the Ganges 
409,500, and the Indus 370,000 sq. miles. 

The lakes of Asia are innumerable, and vary in size from 
an inland sea (such as Lakes Baikal and Balkash) to a higli- 
land loch, or the indefinitely extended swamps of Persia. 
Many of tlicm are at high elevations (Lake Victoiia, 
13,400 feet, being probably the most elevated), and are 
undoubted vestiges of an ancient period of glaciation 
Such lakes, as a rule, show indicatioi s ol a gradual de- 
crease in size. Others are relics of an earlier geological 
period, when land areas recently emergi^d from the sea 
were spread at low Ii*vels with alternate inundations of 
salt and fresh water. Of these Lob Nor and the llel- 
iiiund “ haniiins are typical. Such lakes (in common 
with all the plateau “ham tins” of SW Baluchistan and 
l*ersia) change their form and extent from season to season, 
and many of them are inqircgnatod with saline deposits from 
tlio underlying strata. Tho “kavirs,” or salt depressions, of 
the Persian desert are more fie<juently widespread deposits 
of mud and salt than w'ater-covered areas. 

f7ce/o/7?/. — Over a gn»at part of Asia, nioliiding the Caspian 
depression, the Ceiitial Asian KhaniiLes, Turkestan, Tibet, China, 
Siberia, ami India, goologieal rcseareh has been elosely, and, in 
ninny regions, Hciuntifically pursued. The results of such in- 
vestigations meat present too disconnected and fragmentary to 
afford material for the constiuetion of a eoiitmuous geological 
Instorj' of the foimatioii of the wliole <*ontineiit. They have 
mainly been directed to tliose legions ivhose economic develop- 
ment seems jmssible, and u-)io.se resonircs of mineral wealth may 
be expected to enncli the woi Id 

The gieat Caspian depression and its extension to the Aral Sw 
has been examined by Kussian scientists, and the old theoiy of 
the formei Ovns contiibulion to the Ca‘*pian finally dismissed. 
Whilst the extent and natnie of these lieds of an aneieiit western 
ocean have liceii under investigation, tiie Central Sea f# the east of 
the Panins, represented hy the Coin Sands, the Tarim desert, and 
by the shallow lakes and swamps of Lob Nor. has also received 
much attention ; but it has not yet been exhaustively explored, 
and wm await the results of Sven Heditrs expedition to decide 
Iho position and extent of its possible survival in the existing 
lake sy.stem. Cicological researches m Siberia have jiroved 

• 



tho existoncc of almost boundless sources of mineral wealth 
in tho north. Explorations in China have opened up new and 
vast fields for mining industry in tho cast ; and tho plains of 
India and Hiirina appear in a new liglit under the display of 
economic jiossibilities which the systematic labours of the Geologi- 
cal Survey of India have revealed. Never perhaps in the world's 
history has the iinportaiu'c of investigating old holds by the newest 
lights of sdonce been so fully illustrated as in Asia during the last 
miarter of the lUth century. Changes in tlie configuration of 
tno coiitinont» duo to slow processes of uplieaval and subsidence, 
p. . - have Ixieri proved not only to nave taken place in the 
cbmnmln Ihoroby modified climatic conditions, and to 

theJaHh^ have sensibly affected the history of the human race in 
cruMt. * continued action can bo traced in the 

present, and in one instance at least (in Turkestan) 
tlic actual measurement of the progress in upheaval has been 
found possible. 

One of the most remarkable disco vet ies of the last decade of tho 
19th century is tho continuation westwards through Jlaluchistaii to 
Volcmaomm Persian bolder of that line of volcanic activity which, 

* commencing in Kamcliatka, and following the eastern 
cnasi'liiio of Asia to the Malay archipelago, there turns westward 
to the 8ca of Bengal and is arrested in Arakan. No trace of 
it is to be found in the line of depression formed by the Indo- 
Gaiigetic alluvial plain across the widtli of the Indiait penin- 
sula, but it is again manifest in the active mud volcanoes 
of the Makrdn coast, and continues trending slightly north 
of west to the Persian frontier, where in (approximate) 
lat. 28° 30' N. and long. 01' E. it culminates in a giant inland 
volcano called the Koh-i-Taftan, or “burning” mountain. Tho 
highest peak of this mountain is 13,480 feet above sea-lcvel, and 
from it there issues a perpetual pillar of smoke, which hangs 
heavily above tho snow-clad summit. 'Hus volcano (which has 
been ascended by Captain Sykes) is, so fai us is known at present, 
the only inland volcano iii Asm. its jiositioii has been wcdl fixed 
fiom the Baluchistan survey buses. 

In India geological science lias shaped the historical outline for 
th<j evolution of geography troiii the cai ly tigos, when a land con- 
ri ml ^*®**°*' existed between India and Africa, to the gradual 
hMory^ot jirocesHof Himalayan ujilieuvul, and the form- 

tndiiL Ibe Himalayan valleys, by erosion, m the 

form in which we now see them. The entiie penin- 
sular area, including the nortli-ucst borderlands and Burma, 
are shown to have licen bubnierged when the gieulur part of 
the peninsula (including the Gaiigetic basin) existed in the 
form of dry land, and the faseuiating tlieoiy of a continuous sea 
which united the basins of th<^ Indus and Ganges has to be given 
up. Many of tlie shifting changes which liave occurred in the 
chaniiels of great riveis arc matters of history, os are sonic of the 
alterations in the coastdiiic, which can he readily traced on the 
Maknin seaboard and betwei'U Bombay and Karachi. 

Climate, —Although the general nature of those intlueuces whieli 
govern the pheiioinciia ol climate over the broad aiea of the Asiatic 
continent have been fairly well establislied, yet the imnrovements 
m tho methods of meteorological science and the estahlishment of 
centres for the record of observed plienomciia oici a very wide 
extent of Southern and Western Asia have much improved our 
knowledge of local cause and edect, and have especially assisted in 
supplying those data which enable meteorologists to determine tho 
profiable course and duration of disturbames, or, in other words, to 
make “weather forecasts.” Iniproveil means of tclegiaphie com- 
inuiueaiioii have added greatly to the facilities with which sueli 
prevision is rendered jiossiblc. For instaneo, the atmospheric 
conditions prevailing in eaily suinnier in the neighbourhood of 
the Seyehtdles Islands indicate the probable force and fulness of 
tlie iiiunsooii on whicli the ])ros]ioct.s of Indian agriculturists so 
largely depend , and much loss of life and luotMirtyis undoubtedly 
aveited b}” the eoiiipurative facility witli which the probable 
course of luirricaiies and cyclones can licforosecn and the necessary 
precautions signalled. In the field of investigation into elimatic 
iiifluenee on the conditions of life, and ultimately of human exist- 
ence, eonsideiablc advance has been made of late years, with 
icsults lliat will be moie beneficial than tlioy are at present when 
the theories which support them become more fully confirmed and 
recognized. The ]»roposition that nialarial lever is directly propa* 
gated by a s]H!cial bleed of mosi^uito is one of the theories which 
is new to science at present, and can now bo said to be fully 
accepted. It is one of suieral which emanate from closer research 
into the intimate relations between atmoRpheric and biological 
conditions. 

Tides , — Gbllaterally with investigation into the movements of 
givat air-currents special study has been directed to tidal phenomena 
along tho coasts ol Western Asia. Tidal stations have been estab- 
lished on the coasts of India, at Adtm and Suez, whore a graphic 
form of registration supplies tliose data from which tidal elements 
can be calculated and curves repn^sentiiig momentary variation 
in the height of sea-lovel during any period can be constructed. 


In connexion with those tidal observations extensive levelling 
opei-ations in India have been carried out to ascertain whether 
there is any appreciable difference in mean sea-level at various 
points. The immediate practical benefit of these tidal determina- 
tions to the science of navigation is obvious. One of the ultimate 
results of them will be to supply a more assured basis than exists 
at present for tho determination of altitudes over the land surface 
of Southern Asia. 

Recent Investigatums , — The first great result of recent geo> 
graphical research lias been to modify pre-existing ideas of the 
orography of the vast central region represented by Tibet and 
Mongolia. The groat highland plateau vmich stretches from tho 
Himalaya northwanls to Chinese Turkestan, and from tho frontier * 
of Kashmir eastwards to China, has now been defined with com- 
parative geographical exactness. The position of Sachu (or Saitu) 
in Mongolia may be taken as an obligatory point in modern map 
construction. Tlie longitude value now adopted is 94° 54' £. of 
Greenwich, which is the revised value given by Prjevalski in tho 
map accompanying the account of his fourth exploration into 
Central Asia. Other values are as follows : — 


Prjevalski, by his second and third explorations 94° 26' 
Krishna . . . . .94° 23' 

Carey and Dalgleish . . . .94° 48' 

Littledalo 94° 49' 

Kroitner (with Szccheny’s expedition) . 94° 58' 


The longitude of Darchendo, or Ta Chion Lu, on tho extreme 
east, may bo accepted as another obligatory point. The adopted 
value by tho Royal Geographical Society is 102“ 12". 

Krishna gives 102° 15" 

Kroitner 102° 5" 

Haber 102° 18" 


South and west tho bounding teiritories are well fixed in 
gcograpliical position by tho Indian survey determinations of the 
value of Himalayan peaks. On the north tho Chinese Turkestan 
explorations are now being brought into survey connexion with 
Kashmir and India. 

No longer do wo regard the Kuen Lun mountains, which extend 
from the frontiers of Kashmir, north of Lch, almost due east to 
the Chinese province of Kansu, as the southern limit of tho Gobi or 
Turkestan depression. This very remarkable longitudinal chain is 
undoubtedly the northern limit of the Chang Tang, tho elevated 
highland steppes of Tibet ; but from it there branches a minor 
system to tho iiortli-east from a point in about 83° £. longitude, 
which culminates m tho Altyn Tagh, and extends eastwards in a 
eoutinuous water-divide to tho Nan Shan mountains, north of tho 
Koko Nor basin. Thus between Tibet and the low-lying sands 
of Gobi 1^0 have, thrust in, a system of elevated valleys (Tsaidam), 
8000 to 9000 feet above sea-lovcl, forming an intermediate steppe 
between tho highest regions and the lowest, east of Lob Nor. All 
this is comparatively new geogi-apliy, and it goes far to explain 
wliy the great trade routes from Peking to the we.st were pushed so 
tar to the north. 

On the w'cstern edge of tho Kashgar plains, the xiolitieal bound- 
ary bctw^eeii Russia and China is now deliiied by the meridional 
range of Sarikol. This range (know n to the ancients „ 
as Taurus, and in mediaeval times as Bolor) like 
many others of tho most important great natural ifQ„aamry 
mountain divisions of tho woild, consists ot tw'o parallel 
chains, of which tho w^esterii is the water-divido of tho Pamirs, and 
the eastern (which has been known as the Kashgar or Kandar 
range) is split at iiiton'als by lateral gorges to allow ofiho passage 
of the main drainage from the eastern Pamir slopes. It is on this 
eastern lidge that the highest peaks at present kiiow'n north of the 
Himalaya have been fixed. Here is tho Muztagh Ata of Sven 
Hedin (not to bo confouiided wdth tho Muztagh range on the 
Kashmir fnmtior), wdiose height has been determined to be 24,000 
feet above sea-level ; and there arc other peaks on this eastern lidge 
which may possibly be found to approach this value closely, wdieii 
their altitude has been seieiitifieally dt^termiiicd. 

The Sarikol range marks the position of the great water-divide 
between the Aralo-Caspian hasm and the ceiitial system of hydro- 
graphy terminating in tho Lob Nor depression. Im- -- cmnirmi 
meUiatoly between the Sarikol and the Kashgar (or 
Kandar) are tlic lowlands of the Sarikol valley, of which 
the Taghdumbash Pamir forms a southern extension, 

The tri -junction of the boundaries of three great " 
empires — Russia, China, and British India — is not inappropriately 
situated near the tii-junctiou of tliiee gicat Asiatic mountain 
systems where the Sarikol range, reaching southwanls to a junction 
w'ith the Hindu Kush and the Muztagh ranges, defines tho head of 
tho 'Taghdumbash Pamir. 

From this i>oint the Hindu Kush trends westwards and south- 
westwards, overlooking the narrow valley of the Papja (one of the 
main Oxua affluents on tho north) till it merges beyond Kabul into 
the mountains which separate Afghanistan from Afghan Turkestan 
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From tli6 BAmo point tho Muztugli xnountftins stretch OMtwftrds 
and southwwds, aenaratin^ the aouroea of the Zarafshan, or 
Hiadtt Yarkand, from the gigantic glacier region of 

KuBb Mad ^ orthern Kashmir. Much has boon dono towards 
Mumtadt olucidating the exact configuration of both of these im- 
porUnt rangea Tho Hindu Kush has been crossed at 
several points, and it is only where it passes through tho 
unexplored wildornesa of Kaiiristan that the position of the main 
water-divide is at all doubtful. The Muztagh lias been crossed 
once (by Younghusband) at a point where its {lassage may be con- 
sidered to be ordinarily impracticable, not far from the gigantic 
peak Godwin Austen, which ranks as second only to Everest in tho 
scale of Uimalavan altitudes. Much practical gain (political and 
military) has been derived from a better appreciation of tho 
physical characteristics of the mass of mountainous country which 
intervenes between the north of India and tlie southern borders of 
Asiatic Russia ; and much lias been attained lii the more western 
regions, which include Northern Afghanistan and Peisia. 

In Western Asia we have leanied the exact value of the mountain 
barrier which lies betw'een Merv and Herat, and have mapped 
1 dlmn connexion with tho Elburz of Persia. Wo can now 

fully apiireoiate the fiwjtor iu practical politics 
Atrban- "which that definite but somewhat irregular mountain 
iBidtt ic, represents which connects the water -divide 

' north of Herat with the southern abutment of tho 
Hindu Kush, near Bamiari. Every pass of iinnortanco is known 
and recorded ; eveiy route of significance has been explored and 
mapped ; Afghanistan has assumed a new political entity Viy the 
demarcation of a boundary ; tho value of Herat and of the Pamirs 
as bases of aggression has been assessed, and tho whole inter- 
vening s])ace or mountain and plain thoroughly examinod. 

Although within the limits of Western Asiatic states, still under 
Asiatic government and beyond the active iullucnco of European 
p . interests, the material progress of tho Eastern world has 
f'snia. appeai’od to remain stationary, yet large accessions to 
geographical knowledge have at least been made, and iii some in- 
stances a deeper knowledge of the surface of the country and modern 
conditions of life has led to the straightening of many crooked paths 
iu history, and a better appreciation of tho slow processes of aavan- 
cing civilization. Tho 8t(‘ady advance of scientific inquiry into 
every comer of Persia, backed by the unceasing eiforts of a new 
school of geographical cxplonjrs, has left nothing uuexamiiicd that 
ctiu bo subjected to superficial observation. The geographical map 
of the country is fairly complete, and with it much detailed in- 
formation is now accessible regarding the coast and harlamrs of the 
Persian Gulf, the routes and passes of the interior, and the possi- 
bilities of commercial development by the construction of trade 
loads uniting the Caspian, the Karun, the Persian Gulf, and India, 
rid Sistan. Persia has assumed a coinproliensiblo position as a 
factor in future Eastern politics, (See Peusta.) 

In Arabia progress has been slower. Little more is known of 
the wide spaces of interior desert than has already been given to 
. - . the world in the works of Burton, Palgrave, and Felly 

Aramm. amongst Englishmen, and Niebuhr, Burckhardt, 
Visconte, Hal4vy and others, amongst foreign travellers. Doughty 
and Blunt have visited and illustrated the district of Noj<i, and 
described the waning glones of the Wahabi enipiic. But extended 
geographical knowledge docs not point to any great iiractieal issue. 
Commercial relations with Arabia remain much as they wore in 
1875. (See Aiiauia.) 

In Asia Minor, Syria, and Mesopotamia thei*e is little to record 
of progress in material dovclopnient beyond tho pron^ises held 
out by the Euphrates Valley KaiUay concession to a 
- German company. The exact information obtained by 
minor, ac, researches of English 8iirvo}mrs in Palestine and 
Iwyond Jordan, or by the effurts of explorers in the regions that lie 
between tho Mediterranean and tho ( Caspian, have so far led ratlier 
to the elucidation of history than to fresh commercial enterprise or 
the )X)8sible increase of material wealth. 

Asiatic Russia, especially Eastern Siberia and Mongolia, have 
been brought within the sphere of Russian exploration, with results 
D I t surprising as to form an epoch in tho Jiistory of 
HUBBimta there has been a dovolopmeiit of tho 

* ** resources of tho Old World wliich parallels tho best 

records of the New. Further roferoiicos to tho results of recent 
Russian enterprise will bo made when considering tlie general 
question of Asiatic progress. 

The great central donrossiou of tho continent which reaches from 
tho foot of the Pumir plateau on tho west through tho Tarim desert 
Cblammm under examination. 

TutZmiMa elevation centres about Lob Nor, 

and OxuM where we fintl, in a lake system (the full lictails of which 
baaia fully known, althoughmuch has been recorded 

of them by Prjevalski and Sven Hedin), the last sur- 
viving evidences of a groat inland sea. The depression westward of 
tho CMpian and Aral basins, and the original connoxion of these 
aeas, has also come under tho close investigation of Russian scien- 


tists, with the result that tho theory of un ancient connexion 
between tho Oxus and the Caspian lias been displaced by tho more 
recent hypothesis of an extension of the Caspian 8ca eastwards into 
trans-Caspian territory within the post-l*leiocimc age. The dis- 
covery of shells (now living in thf3 Caspian) at a distance c»f iii)out 
100 miles inland, at an altitude of 140 to 280 feet .ibove the present 
level of tho Caspian, gives support to this hypothesis, wliich is 
further advaucod by the ascertained nature of the Kuia kum bdudh, 
which ap|H)ar to be a jaiiely marine formation exhibiting no traces 
of fluviatile deposits which might be considered as delta deposits of 
the Oxus. 

In the discussion of this problem w’e find the niiiucs of knulbars, 
Anneukqif, Leasar, and Konshin ]»roiiiinont. Further mutter oi 
interest in conncviop with the Oxus basin w-as elucidated by the 
researches of Gricsbaeh lu connoxiou with tho Riisso-Atghan 
Boundary Commission. He rcporti-d tin* gimlual formation of an 
anticlinal, or ridge, extending longitudinally through tho great 
Balkh plain of Afghan Tuik(‘staii, whu*h eifeetually shuts off the 
northern affluontsof that basin from actual junction with tho river. 
This evidence of a gradual ])ro(‘C8s of u])lieaval still in action may 
throw some light on the jdiysical (especially the Lliiimtic) changes 
which must ha\e itassed over that pail of Asia ^ince Balkh was the 
“mother of Cl tics,’’ thcgieat iiadc centre of Asia, and the plains of 
Iklkh W’oro green with cultivation In the rcstoi.il ion of the out- 
lines of ancient and mediicval geography in Asia Sven liedin’s 
discoveries of the actual remains ot cities which have long been 
buried under tho advancing waves of sand in the 'Pakla Xlakaii 
desert, cities wlueh floiinsbed in tlie coinparativel> recent period 
of Buddhist ascendency in High A'^i.i, is of the very highest interest, 
tilling up a blank in tho identification ot sites nuiitiunet] by early 
geographers and illustiatiiig more fully the course ol obi fulgrim 
routes. 

With tho completion of tln^ suiveys ot Baluchisiau ainl Makrim 
much light has also been thrown on tho aneicul eonioMon be- 
tween cast and west ; and the final settlement ot r t ht 

the southern boundaries of Afghanistan has bd to ^ ® J 

the reojioning of one at lea^^t of tlie old trade loutes 
between Sistan and India. (See BAi.rciiisi an ) 

Farther cast no part of Asia has been biought iindci mure care- 
ful investigation tlian tho hydrography of the strange mountam 
wildetnoss that divides Tibet and liuiina from China. » 

In this field the researches of tiavellers already men- 
tioiied, com bineil with the nioio exact reconnaissance of 
native surveyors and of ilioso exploring pailies which * 
have recently been working iu the interests of eommercial projcels, 
liavo left little to future inquiry. We know now loi certain licit 
the great Tsangpo of Tibet and tho Brahmaputra aio one and the 
same river ; that north of the point where the great couiilennart'h 
of that river fiom east to west is offecteiJ are to be loiiml tho 
sources of the Salween, the Mekong, the Yaiig-tse-kiang and tho 
Hoang-hu, or Yellow river, in order, fiom W“sl to cast ; and that 
south of it, thrust in between tho extiemo eastern edge of the 
Brahmaputra basin and the Salween, use the dual sources of the 
1 iTawaddy. From the watcr-di vide which so) nirateh the most eastern 
afHnont of the Biahmajmtra, castw'ards to the deep gorges which 
enclose tho most westerly branch of tlio up[ier Yaiig-tse-kiang (here 
running from north to south), is a shoit sj»aec ol 100 miles; and 
within that 8i>ace two mighty rivers, the Salween and the jMckong, 
send down thoir tonents to Buima ami Siam. These three livers 
flow parallel to each othei fui some 300 miles, dee]) liiddcii in 
narrow and preeijatous lioughs, amidst some of the grandest 
scenery of Asia; sjireading ajiait whcie Ihc Vaiig-tse lakes its 
course oastw'ards, not far nortli of llio ])nrallei of 2.^)'’. 

Tho comyiara lively ifstiicted area wliieh still remiiins lor close 
investigation includes tin* most castei ly soui ces of the Brahmaputra, 
the most northerly souices ot the Irrawaddj^ and some 300 miles of 
the course of the Upjier Salween, 

Ancient Trmic Itoutcs and Modern JUiilways, 

No branch of knowleilge gained by the lesults of recent Asiatic 
rescaich is moio mstiuclivc than the comparison ot ancient means 
of trade conimunicalioii with nio«lcin, the directions along w'hich 
the wealth of East and West Ini.s been interchanged at various 
epochs in tho woiid’s histoiy, .uid llic means and mothoils of its 
propulsion. “The struggle b)i these liade routes lorms a key to 
the policy and the wars ot many initioiis” ; and even if thocomniaiid 
of tnem was “tho expression rather than tho cause of the aggruii- 
diseiiiorit of a nation,” examples iii W'hich “the possession of 
Asiat’c trade ^ has marked high water in tho hiHory of empire 
and its loss marked the ebb of the tide ” are so iroqueiit and so 
conspicuous in the world's great chronicle tiiat n# general con 
Buieratiou of the pliysiography of tho continent of Asia can bo 
regarded as complete without a reference to them. Tho two 
eariiost civilized communities that created a demand for trafle 
w*ero, undoubtedly, Eg>pt on the west and China on the east ; and 


^ Hunter, 7/tst, of India, vol. i. 
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thus from the earlicRt liistorical times there has not only existed a 
rigiit-of-way to traders across the entire continent of Asia, but we 
can faintly trace the dawn of a sea-borne tradic in the records of 
Egyptian fleets in the He<l Kr*a and of Chinese junks east of Ceylon. 
'I'lio great develupnient of Asiatic trade has, however, been in 
hands that are neither Egyjitian nor Mongolian, but which 
belonged to Semitic riu'cs— Jews, Phamicians, or Babsean Arabs ; 
and clear liistory only begins witii those early days when Arabs were 
masters oi the Koslcrn seas, with settleniente on the coast of India, 
in Ceylon, in the Straits, ind China, as well as on the shores of 
Kastern Africa—if indeed Uiey were not planted in tlie interior of 
tliat (continent. li^gVpt, Assyria, Babylon, Porsi^ Macedonia, bad 
each secured tlie right of trade to Eastern Asia in turn, and each 
ill turn liiid lost it when Rome ap]>earcd in the field, and for seven 
ccntniicH (from 1st century B.<3. to the 6th A.i).) hold more or less 
complete command of the regions intervening between Eastern 
Asia and the Mediterranean. But Egyptians wore busy with 
their siiips whilst Romo held command on land. The Arabs 
gradually siifiorscdcd the Egyptians on the high seas, and ore the 
d.iys of Islam liad already established themselves as the greatest 
nation of liadors that the world had ever seen. The coiiquost of 
Sind (in the 8th ooiitiiry A.ii.) led to the establishment 
Lana nuU ^ route through Makian, noith of the Arabiau 
tTd!a* * Sea, to the Indus valley. Tlic port of Tu, in the bay 
® ' of Chabar, was the terminus of the voyage eastwards of 

the Arab merchantmen, and from Tiz through Ki/, or Kej, to Bola 
and the Indus valley the journey was peilorniod on land. From 
the far east the clumsy Chinese juiik met the buggalow of the Arab 
at Ceylon. Here cargoes wore exchniigw<l, and tlius for centuries 
the trade betwt'cn East and West was main lamed by sea till the 
(ifipe route was disoovered by a Portuguese explorer and the whole 
tiaflic of the East diverted info new cliaiiiiels. From 
/ pi’ohistoiic days the land routes of Asia have icmained 

rou eao jiiuch the same thiongh the eastern parts of the con- 

* ** tineiit. The geogiapliical iiosition o( Kashgar, almost 

on the same ]mrallel of latitude as Pokiug, with nearly 2000 
miles of low-lying dos(M’t and stejipe inlervcmng, and forming a 
long narniw urea of depression between the Tibetan plateau and 
the Tiau-Slian mountains, a depression w liudi, solar as we know, 
bidwceu Kashgar and the Upper Amur never rises above 2000 feet 
above B<*a-level and may sink to less than f>00, r<*iiclcrs it an almost 
obligatory point in any line of trade eoniiectiiig China and the 
Caspian. All reeeiil travellers have coulirmcd its iiiiiKirtauce, and 
we find several routes from the oast gathering tnemselves at 
Kashgar before diverging again westw-aifU, Only one route of any 
inijiortanee passes to the iiort h of Kashgai , t c., that which, following 
the modern track between Peking and llami, strikes olf from the 
latter place to IJrumtsi and Kulja, instead of passing through 
Aksii, south of the Tian-Shaii, to Kashgar. Another route which 
was much used by the silk trailers from Central China fiasses through 
Biniiig-fu (east of Koko Noi), and skirts the northern foot of the 
Altyn Tagh and the soutliern edge of the Turim desert. From 
Kashgai w'estwaidsovei tin* elevated region of the Pamirs the most 
direct route follows the Kashgir river to its soiiice, and, crossing 
the gloat continental W’ater-divulo by the passes w'hich leiwl into 
the Altai valley, niakvs its way by the fertile banks of tlie Burkhab 
to the Oxns But from tlie southern toivns of Climese Turkestan, 
which group tlieniselvcs along the foot of the Kuon Lun and once 
spread into the plains of Bob Nor and tlie Takla Makan desert, 
the road to the Oxiis lay through Tashkuighan (the “stone tower 
of mediteval gc.ograpliy) and by the jiasses of the Sarikol to the 
great Pamirs and Lake Victoria. There can Iki little doubt that 
tins w^'as a mueh -traversed Khatila route during the middle eeiitnries 
of our era. From Lake Victoria it mssos to Ishkashim and across 
Badakshaii to Afghan Turkestan ana Herat or Masliad. 

'Phe route troin India vid Kandahar, Kirman, and Babylon was 
well enough known m Alexander’s time, but it is only lately that 
the facilities ot it have been fully demonstrated. In later years 
trade found its wav from the Indus valley to the Oxus vid Kabul 
and Balkh, and thencejiassed north of the Caspian into Russia, or 
else by Tabu/ ami Tiflis to the Black Sea ami (Jonstantiiioplo. 
When tlie Arabs ]>i'evailed in Asia, and Baghdad became the capital 
of the CalijdiH, the Kniihrates valley and Syiia again w^re filled 
with Eastern nicrcliandise. Then the Saracen gave place to the 
Ctiisader, and thi* eommand of the gieatcst trade routvs of Asia 
was in the liands ot Chnstinns. In 1258 Baghdad fell before 
the Mogul, and by the rommencoment of the 15th century Turks 
and Mongols had blocked the Syiiaii outlet. For 2U0 years 
previously Venetians amt Ccnocse had developed the overland 
trade between India ami Europe nd the Black Sea, and rendered 
themselves sil^jrenie in the Mediterranean. Venetian influence 
may still be traceil along the coast districts of Persia and Makriin 
to Western India. In Mnkran Venetian gold coins were till quite 
recently iecogiii7«*d as tlie only gold curiency. 

It was the liairier set by the Mogul that started the Portuguese 
quest for a new sea route, and thus was initiated that line of sea 
trnftic round the Cape of Good Hope which revolutionized the 


whole svstem of Eastern trade. Now, once again has the Red Sea 
resumea its pre-eminence in the commercial geography of the world. 
The ships of Tarshish are replaced by the modern ocean « 
liners. But no developments corresponding in space 
liave distinguished the methods of land transport. 

For a vast part of Asia the slow -moving camel is still the mainstay 
of the merchant traveller ; and there is as yet no land connexion 
between £uro])e and Eastern Asia that will comi^te with the 
facilitated sea route. But wo are within a measurable distance of 
witnessing such an overland connexion, and wo are meanwhile 
already in possession of such perfected systems of local communica- 
tion in India as render her railway developments of the last 
quarter of the 19th century distinguished in the annals of the 
world’s progress. 

Tlie first great continental line of railway which will bring 
Western Europe into touch with Eastern Asia will be that of 
Siberia. The Russian system connects St. Petoraburg 
with the Asiatic frontier by a line winch is rather 
more than 1700 miles in length, passing through ^ 

Moscow. From the Asiatic frontier eastwards, the Western 
Siberia line now extends to beyond the 90th meridian of east 
longitude, linking up with the Central Siberian line, which will 
touch Lake Baikal at Iikutsk. So far the traffic returns have 
sbo%vn a steady increase as the variofls sections of the line have 
liocn opened, and so great an expanse of trade is anticipated that 
the line is now being adapted for the service of at least eight pairs 
of tiains, instead of the ihreo for which the original calculations 
were framed. From Irkutsk eastwards the Iratis- Baikal and 
Manchurian sections of this great continental line will extend to a 
junction with tlio Usiiri railway of the Amur river basin, of which 
the terminal jiort is at Vladivostok, on the Pacific coast. A part 
of the Usiiri line is already coiii[)Iete. It was initiated by the 
present enqieior on the lOtii May 1891. The Baltic and racifio 
will thus be connected by a line which will be little short of 6000 
miles ill length, covering nearly a quarter of the circumference of 
the globe. A remarkable feature in this enterprise is that the 
railway traverses those vast stepjies and wide iqiiHiids which have 
liistoncally been regarded as tlie waste lands of Asia, fiassing far to 
the north of the teeming districts whoso wealth has been the 
desire of the nations from time immemorial. Undoubtedly it will 
eventually be connected with Central China and Poking, but at 
present the tardily recognized resources of Siberia alone are held 
amply to justify the construction of this magnificent lino. Farther 
south, the ports of the Caspian have been connected by rail with 
tlie Central Asian Khanates by a line which passes along the foot 
of the northern slopes of the Persian Elburz to Merv, Bokhara, 
and Samaikand. Here, again, the advent of the railway is marked 
by enormous commercial developments, and the province of Fer- 
ghana already reproduces the smiling landscapes of Central Asia 
ore the days of Mogul devastation. 

Whilst Russia has been so busy, India (strictly within the limits 
of her own borders) has effected even more in actual length of 
railway extension. An extent of line which w'ould - . 

nearly circle the globe (about 23,000 miles) rc]ire8ented 
the railway traffic capabilities of India at the close ^ 
of the loth century, and of this amount three -fourths at least 
have been brought into existence since 1875. The record of the 
many schemes which have resulted in so great an accession of 
trade arteries belongs to the annals of India. They can hardly 
be called continental, for as yet no definite proposal has taken 
practical shape which will end in linking India with Euiope. 
Between India and China there is indeed a prospect of the evolu- 
tion of a practical scheme of connexion. The extension of Burmese 
railways northwards to Mogaung, in the Upper Irrawaddy basin, and 
north-oastw'^ards from Mandalay to the Kinilon ferry on the Salween, 
points the way to fill thor extensions which will unite Dibrugarh, 
in Upper Assam, with Mogaung, and the Kunlon ferry with Talifu, 
in the Chinese province of Yun-iian. But at present, wdth all the 
wealth of interior railway dovclo]imcnt which has distinguished 
the close of the century, both within the peninsula of India and 
in Burma, the two still remain unconnected anil, in a measure, 
isolated from the rest of the world. 

China , — In China wt find perhaps the most noteworthy record 
of Asiatic national evolution that tne history of the 19th century 
call show. It is not a long record, but it is a most _ . 
surprising one. The old order has changed ; the con- 
servalism of her political principles is disappearing ; "'V** 

the bulwark of national antipathy to foreign innovations has been 
broken through, and the sacred seclusion that hedged about the 
Imperial Court has been invaded. The birth of a new century 
will herald the birth of a new era for China — an era of railways 
and epmpany projectors, and mining developments ; the scattering 
of empire ; the burial of prehistoric isolation and dignity. The 
record of China’s late achievements in material progress so far is 
not a long one, but its promise is great, for it is a practical indica- 
tion that the hostility of China to the introduction of railways 
has at last disappeared. The first railway from Shanghai to 
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Wttsung (on the coast)wa« laid in 1876, and was eagerly utilized. 
The following year it waa torn up by the authorities. The next 
temporary lino(which tapped the Kaiping collieries and extended to 
the Taku forts) is now replaced by a permanent connexion between 
these (now demolished) forts and Tientein, and extends north-east- 
wards into Manchuria. In 1897 aline was laid from Peking to Tien- 
tsin— 78 miles— and it is already doubled. Anotlier railway is under 
construction by a lielgian company which will ultimately connect 
Peking with Hankow on the Yang-tso-kiaiig, and a new line now 
links tihanghai with Wusuug. These, with a few short industrial 
lines for the conveyance of material in the Yaiig-tso basin, are all 
that exist. The great extent of waterways in China undoubtedly 
reduces the prospective profits of railway undertakings, os they 
have formed the great natural trade arteries of the country from 
tune immemorial. But considering the length of the great river 
channels and the volume of the river discharge, the length of tho 
actual waterway is comparatively small. Kxplurations have only 
lately been carried into the basins of theUpperYaug-tso tributaries 
by the agents of European syndicates to determine their possible 
value as lines of internal tr^e communication either by rail or 
river, and tho result will probably bo a development ot steam navi- 
gation in the Min and Kialiug affluents of the Yaiig-tse, and a 
possible railw^ connexion between Burma and Central China. 
An extension li'om the Russian-Siberian system into Mancdinna, 
and a connexion between the Central Siboiiuu railway and Cential 
China, are the chief continental projects now before Die world. 

Persia . — The development of roads in Persia has heen slow, hut 
not unimportant Railways do not exist. The opening of the 
Karun river to navigation in 1889 was the first step towards 
an awakening of commercial speculative interest in Persia, which 
has not been altogether unproductive of benefit to Du' countiy. 
Hitherto this country, which includes more than hall a millxin 
H((uare miles of territory without tiavigablo rivers (ex«'e|»t about 2 i)() 
miles of the Karuii), and nine millions of intelligent and industrions 
inhabitants, has had to ^*car^ on its toieign trade and local trafhc 
along mule tracks, tho like of which are haully to bo mot with in 
any other part of the world, however backward.” In 1880 a cart 
road was constructed botwoeii Tehran (or Teherant tho latter being 
more popular but less correct) and Kasvm (96 miles) ; in 
1S83 Tehran was conuected with Kum (97 nulcsi ; and in 1890 
Mashad and Askabad, in Russian territory, were united hy a more 
or less metalled road 1.50 miles in length. CoiicesHions have been 
granted for the construction of roads between Tehran and Ahwaz, 
with a branch road to Ispahan from Biin\)ird ; between Tehmn 
and Baghdad ; Tabriz ana Astara ; Tabriz and Baya/id ; Ziiijan 
and Bungird ; Kazvin and Hainadan ; and Kazvin and Resht ; but 
only tho last, tho concession for wdiich 'was granted in 189.S, has 
hocome a Jail accompli so far. This road lias been erigineerod by 
Russians, and has largely widened the circle of her ]*«*raian trade 
It has also shortened the distance betw'eeii Eiirotio and Tehiait, 
wliich place can now be reached from London, in case of urgency, 
within two weeks vid Baku and Resht. Tho road from Tehran to 
Ahwaz (530 miles) has advanced •as far as Knm, and the opening 
of a trade route between Shuster and Ispahan tin ough the Bak- 
tiari country has been secured politically ; but much remains 
to be done on both tlioso linos. A now route from winch great 
trade results are antici])ated has been opened betw'oeu Persia and 
India. This connects Mashad with Quetta on Die Indian rail- 
way system by way of Sistaii and Nushki, passing through the 
Holmund desert. On the north-west, Russian railways are rapidly 
approaching Persia ; and the eompleliou of the Tifiis, Alexaudrojiof- 
Kars line, with a branch line from Alexandropol to Erivan, wall 
greatly affect tho current of Persian trade. The result of these 
railway developments on the north-west of Persia will be to increase 
the importance of Tehran as a trade centre, and to draw away 
traffic from the southern ports. 

In Asia Minor and Syrui progi-ess in railway development has 
been slow, but the recent concession to an Anatolian company for 
the Euphrates valley line may reawaken commercial activity in 
this part of Asia. A lino from the Bosporus to Angora, and 
another from Smyrna to Konich, represent the chief railway systems 
of Asia Minor at present. In Syria the Beirut- Damascus and 
Jaffa- Jerusalem linos exhibit little prospect of extension. 

Economic Developments and Commercial Enterprise %n Asia. 

It will be found, as might naturally be expected, that increase 
of material wealth and of commercial importance amongst Asiatic 
ionutries has been coincident with the development of tiaile routes 
and railways. Although Asia is the oldest amongst the histori- 
cally recognized continents of tho world, and although it w’as in 
Asia that the “cradle of civilization ** was rocked, it has icmaiiied 
for the later centuries of our era, and especially for the latter y»art 
of the 19th century, to witness a display of natural resources such 
as could never have been imagined by those wdio first grasped at 
tho wealth of tho East. Russia, India, China, .Japan, nml in a loss 
degree Persia, have all develowd hidden capabilities and economic 
possibilities such as must inevitably affect tne woDd’s commercial 
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history. In this field tho most surprising advance has undoubtedly 
been made by Russia. 

In 1876 Russia was astride of the Caspian, but as yet only strain- 
ing her eyes across the Eastern Turkman dt serf'.. In 1880* she was 
knocking at the gates of Mciv. Five years later slie waa 
setting a limit to tho iiorthein liorders of Alghaiiisfan. 

To-day she liooks her passengers from the Caspian to *• 

^markaiid bjy rail, and has completed two sections of a trans- Asiatic 
line which will link her capital of St. Petersburg with Vladivostok, 
ou the shoms of the 1 ai iho. Alieady one may cross Asi.i by steam. 
Withthiso railways have ansen those loial comrneiciul lievclop 
inents wrhich support them, and which weie awaiting them 
Ferghana is once again a gardim in Asia, i ich in ceieals and fruit, and 
lapidly developing a most iiiipoitant cotton tinde. Siheiiaalid the 
lands of the Amur have been found to be rich iH^yoiid all jiivv ions 
conjootnre. Hero ti v e millions ol square miles are inhabited by four 
inillion inhabitants, but tho tide ot immigration has set in with a 
steady flow which promises soon to adjust the balance. In 1898 
400,000 immigrani ■i wore numbered, and the numbers arc increas- 
ing. It is said that “this vast territory, long looked cm as a 
batreii wast*', is destined to be one of tho world's a t • 
richest and most productive sections.” Here wlieat 
rijicns with jihenomcnal rajiidity, and in the Iikntsk 
country the fiost p»*riod only lasts tor 100 day.s. Siberia 
Transbaikalia and Du' Usuri legions arc essentially 
fitted for agncultural dovdopment, and the wheat jiioduction of 
the empire has abcadv Ihtii scnsililj increased siiiee the opening 
of tho Ueiitial Siboriun K;nlwa\. Ulie is also now largely grown 
111 Russia, its cultivation having lommeiiced about Die year 1880. 
In Die CaiK'asus, Transbaikal, and Turkestan rcigions, lut is sowm 
in the same way as wheat. Tlic demuiid for ii 's increasing 
throughout Eurojican Russia. Rice grown in Asia is shipped 
unclcaned to tho Ca.spian ]M>rts, and Dieie sohl to commission 
agents. In lato years tho anniuil export Iroiii Baku has amounted 
to iieaily 50,000 tons. 

The inineial resoLUccH of Westein Siberia arc boundless Between 
Tomsk and Kooziiesk he 23,000 square miles ol coni lands as yet 
untouched. In Eastern Sibeiia 400 pl.n'cs are known . 

Ill which gold is to be louud, and non, giapbile, and "f” 
lapis-lazuli deposits are all awaiting develojunent. 

Tlx imlustrics of Siberia a ro growing rapidly. Chemicals, siigai, 
and paper mills arc abe^dy imying well. Manchuria looks to 
Russia for the development of its natural wealth. 

The Ob and Die Yenisei both cairv then lleets of ^ 
steamers, and Russian inerchautnieii aie busy on Die Pacific 
between the Usuri coast and Japan A strange industry has 
arisen on the Arctic shores of Sibeiia, where inamiiioth ivory is 
found preserved in layers of underground ice. It is collected by 
the primitive Tangiit inhabitants for the maiket. Tlicse peojile 
depend for their living on the migrations of ainmalN. They come 
with the reindeer herds to the Arctic coast in summer, and return 
to the protection of the southern forests in winter. 

Russian explorations in Manchuria in connexion with the 
Silicnan lailwray project, no less th.in English explorations in the 
upper basin of the Yang-tso, have largely increased our 
know’ledgo of thcrosoniccsof Eastern Asia. Manchuria chuiia, 
has been called Du* Canada of China, and is found 
capable of incioasiiig J irgidy licr capacities Im the supply of food 
stuff and agricultural pioducts in supfiort of that increased popu- 
lation of the 1101 th -eastern jirovinccs of China which will attend 
the development of the gicat northern coalfields in tho piovince of 
Shansi, and the collateral indnstiics w'hicli will arise therefrom 

Although the resources of China in silk, tea, and opium have 
long boon known, and alDiough much fin ther material progress in 
agriciiltmo is hardly to be expected Irom a country Mintrml 
which has been higlily cultivated hy a swarming and 0 / 

iiulustnous po|>ulation Diioughout historical ages, it is cblaa. 
only lately that these vast resources of mineral wealth 
have been exhibited which reipiire the dovolopnicnt of the many 
railway schemes which have been already tlontcd to give them 
practical effect. Vast tielils of as yet untouched coal and anthra- 
cite exist in the northern, western, and central provinces of China. 
Copper, non, mercury, silver, lead, and tin arc amongst her 
mineral products, and salt is loiuid in the upper valleys of the 
Yaiig-tso-kiang, or Kinslia. 

The inoilern histoiy of Jajian show's steady progress in scientific 
aiul philosophic culture. Hei aits and industries liave received 
a certain nil {lotiis since the conclusion of the wai W'ith jmnMn 

China in 1894, but it is chiofiy in the direction of that ^ • 
material advancement which now places Jai>aii in the position of 
an imjiortant military ami naval power that tho oiur of the 19th 
century has to regaid Japanese progress. Japan alicady possesses 
3420 miles of railway and 662 miles of telephone. Her army 
includes 125,000 regulars and 407,000 reserves, and her navy 
31 warships. (Sec .1 ai*\n ) 

huliay liurim, and rVi/Aui.— No jiart of the Asiatic continent 
has been so prolific in contribution to the general wealth of tho 

S. I. — 90 
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world as India, and no countrios have been so systematically 
and continuously drained of their wealth as the Eastern pospos- 
MmiBiimi Oieat Britain. And yet it may bo doubto<l 

oromMM century of their chequered history can show a 

in ittdim, astonishing record of agricultural and industrial 

doveloptiient than the 19th, and especially the cnnclud* 
ing decades of it. It is a recoid which can only be referred to 
iioro in siifHcient detail to illustrate the |)ari ])]ayed by India, 
Burma, and Ceylon in the economy of the Asiatic coiitineiii as 
a whole 

Thn mam aitcncs of Indian railway communication connecting 
Bombay with Calcutta, Calcutta witli Lahore in the extreme north* 
I dt west, together with a part of the Madias system, were 

/AtfMii alieady in existence in 1870 ; but the great north- 

wmyM. network was as yet in its infancy, and the 

** bittlc of the gauges '* had yet to bo fought out ere a continuity 
nt gauge Tiicasii remen t for all the niaiii Indian lines was tinallv 
adopted. In 1899 the numbei of miles o|)en for t*afllc and under 
constiiiction was 22,r>00 and 8568 respectively. 

The advancement of iriigatioii works lias also been notable, 
especially on the Punjab, wheio for one million acres that were 

f— f- iriigated in 1868 no less than 6,200,000 wetc irrigated 

lcrlg,tloa. 

Tlie result ot the increase in the area of production has been a 
general increase in agricultural })roductH, and a sjiecial develop* 
. . ment of the growth ot wheat for exportation. Under 

cultural *“^^***^**^'^ influence of a deiireciaiion of the silver cur- 
oroMrata, India, the wheat of the Punjab has been lately 

^ * able to eompete successfully with that of other conntiies 

111 tlie English markets, and to undersell that of lionio ]>rodnctioti. 

"I'oa has lately supersoilod coffee cultivation in Ceylon, and cocoa 
has siii)er8(‘ded cinchona. Many distri' ts in lii<iia have been found 
suitable for tea growth which in 1880 were still uinlcr forest. More 
than half a million of acres are now taken up with tea industiy in 
India alone. 

The eonservntion of forests has gradually cx)ianded to the dimen- 
sions of a state department with must gratifying results. Out of 
p . the 900,000 square miles which constitute British India 
couaerv native states) 114,000 square miles are 

* contrtil of the Forest Dopartment. The 

exports from India to foreign poits amount to over 
64,000 tons of teak wood alone, and the foicst revenue is yearly 
expanding Many special woods from Burma have found their 
special application in England, and the foiesls of Burma (as yet 
un<lovelo])ed) promise to be a fruitful souice of future revenue. 
(See India and Buiima.) 

The recent researches of the (icological Survey of India have 
proved that country to bo rich in mineral wealth Vast areas 
f ! I known to be covered with rocks tliat are the matrix of 
uaologicai coppoi, lead, tin, iron, coal, salt, oil, Ac., have 

been mapped out, and actual mining o|K;iations on 
many of these ureas have jiroved that the geologists 
are not mistaken. Since 1890 the coal pioduction of 
India lias increased from a million and a half to foni 
tiiillion tuns ])er nnnuin Enornious tracts of country are ann- 
lerous , but of these all that is being worked is one sniull patch 
in Mysore, and yet from this ^lateh gold to the value of 222 lakhs 
of rupees (a million and a half sterling) was mined in 1899. 
Petroleum to the extent of 19 million gallons was extraeted 
111 the same year, cliiclly from the Burma oil wells. The halt 
iiiiiies of the Punjab yielded 66,000 tons of rock salt. Mica to the 
value of £85,000 was exported from the mines at Hazaribagh, and 
rubies w'orth £50,000 to £60,000 were removed from the gem- 
bearing strata of Moguk (Burma). The mining industry of India 
is still in its infancy, and yet it cinnloyg 263,000 ixTsons, ami 
turns out matenar to the value of throe millions |xjr year, 
'riiis development of the mineral resources of India is of very 
iccent date, and yet but a fractional part of the vast deposits of 
coal, gold, and other minerals has been touched. Kew indus- 
trial develonmcnts in iniiny other directions remain to bo recorded. 
(See In’DIA.) 
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The PolUtcal Geography of Asia. 

The period since 1875 has been an era of boundary -marking in 
Asia, of delining the politico-geographical limits of ompii'o, and of 
e #iii M determining the responsibilities of governments. Kussia, 
t^mdri Afghanistan, Baluchistan, India, and China 

have all revised their borders, and with the revision 
i 5*7** political relations lietween these countries have 
in AMta, acquired a new» and more assured basis. 

The advaift^e of Russia to tlie Turkman deserts and the Oxus 
demanded a deflnite boundarjr between her traus-Cospian conquests 
and the kingilom of Afghanistan. This was deteriiiiiied on the 
north-west by the Russo- Afghan Boundary Commission of 1884-86. 
A boundary was then fixed between the Ilari Rud (the river ot 
Herat), and the Oxus, Avhicli is almost entirely artificial in its 
construction. Zulfikar, where the boundary loaves the Hari Rud, is 


about 70 miles south of Sarakhs, and the most southerly point of 
the boundary (where it crosses the Kushk) is about 60 miles north 
of Herat. From the junction of the boundary with the Oxus at 
Khamiab, about 150 miles above the crossing- point of the Russian 
Trans-Caspian railway at Charjui, the main channel of the Oxus 
river becomes the northern boundary of Afghanistan, separating 
that country from Russia, and so continues to its source in 
Victoria Lake of the Great Pamir. Beyond this point the Anglo- 
Utissian Commission of 1895 demarcated a line to the snowflelda 
and glaciers which overlook the Chinese border. Between the 
Russian Pamirs and Chinese Turkestan the rugged line of tlio 
Sarikol range intervenes, the actual dividing line being still 
indefinite. Beyond Kashgar the southern boundary of Liberia 
follows an irregular course to the north-east, partly defined by 
the Tian-Sban and Alatau mountains, till it attains a iiortheily 
point in alxiut 53** N. lat. marked by the Sayan range to the west 
of Irkutsk. It then deflects south-east till it touches the Kunlon 
affluent of the Amur river at a point which is shown in unoflicial 
map as in about 117* 30' £. long, and 49* 20' N. lat. From here 
It follows this affluent to its junction with the Amur river, and the 
Aiimr river to its junction with the Usuri. It follows the Usuri to 
its head (its direction now being a little w'est of south), and finally 
strikes the Pacific Coast on about 42* 30' N. lat. at the mouth of 
the Tuineu river 100 miles south of the Amur bay, at the head of 
which lies the Russian port of Vladivostok. At two points the 
Russian boundary nearly ajipruaches that of provinces which are 
directly iindor British suzerainty. Wliere the Oxus river takes its 
great bend to the north from Ishkashnii, the breadth of Afghan 
territory intervening between that river and the main water-diviile 
of the Hindu Kush is not more than 10 or 12 miles ; and east of 
the Pamir extension of Afghanistan, whete the Beyik Pass crosses 
the Sarikol range ami drops into the Taghdumbash Pamir, there 
IS but the nariuw width of the Karacliukar valley between tlie 
Sarikol and the Muztagh. Here, however, the boundary is again 
undefined. Eastwards of this the great Kashgar depression, wnieli 
includes the Tarim desert, separates Russia from the vast steiilo 
highlands of Tibet ; and a continuous series of desert spaces of low 
elevation, marking the limits of a primeval inland sea from the 
Sarikol meridional watershed to the Khii.gha]i mountains on the 
western borders of Manclinria, divide her from the iioitberii pro- 
vinces of China. From the Khinghan ranges to the Pacific, south 
of the Amur, stretch the rich districts of Manchuria, a province 
which coniicctH Russia with the Korea by a series of valleys formed 
by the Sungari and its afllneiits — a laud of hill and plain, forest 
and swamp, possessing a deUghtful climate, and vast undeveloped 
agiicultural resources. Over this land of promise leading to the 
sea-girt puiusula of Korea, Russian influence is rapidly extending , 
as it is also over the western Chinese province of tlie new dominion, 
including Kashgar and Sarikol. 

Coincident with the demarcation of Russian boundaries in Turkes- 
tan was tliat of Noitlicrn Afghanistau. From the Hari Hud on the 
w'ost to the Saiikol mountains on the east her northern . . . 
limits w’cie set by the Boundary Commissions of 1884- 
86 and of 1895 lesnectively. Her southern and eastern 
boundaries have been further defined by a series of 
minor coramissions, working on the basis of the Kabul 
aip’eemcnt of 1893, which hisled for nearly 4 years, tcniiinating 
with the Mohmand settlement at the close ot an expedition in 
3897. 

The Pamir extension of Afghan territory to the north-east reaches 
to a |>oint a little slioit of 75* K. long., from whence it follows the 
water-divide to the head of the Taghdumbash Pamir, and is thence- 
forward defined by the water-t»arting of the Hindu Kush. It loaves 
the Hindu Kush near the iJorah Pass at the head of one of the 
minor Chitral affluents, and passing south-west divides Kaflristan 
from Chitral and Bajaor, separates the sections of the Mohmaiids 
who are within the re8|>ective B))heres of Afghan and British aover- 
cignty, and crosses the Peshawur- Kabul route at Landi-Kliana. 
It thus places a bioad width of independent territory between the 
boundaries of British India (which have remained practically, 
though not absolutely, untouched) and Afghanistan ; ana this inde- 
pendent belt includes Swat, Bajaor, and a part of the Mohmand 
territory north of the Kabul river. (See Afoiianihtan.) The frame 
principle of maintaining an intervening width of neutral territory 
liotween the tw^o countries is now ilefinitely established throughout 
the eastern borders of Afghanistan, along the full leti^h of which 
a definite boundar} has been demarcated to the point where it 
touches the northern limits of Baluchistan on the Gonml river. 
From the (lomul Baluchistan itself becomes an intervening state 
'between Biitisli India and Afghanistan, and the dividing line 
between Baluchistan and Afghanistau has been laid down with 
all the precision employed on the more northerly sections of 
the demarcation. (See Baluchistan.) 

Baluchistan can no longer be regarded as a distinct entity 
amongst Asiatic nations, such as Afghanistan undoubtedly is. 
Baluchistan inde|)endence demands qualification. There is British 
Baluchistan par cxcelUme, and there is the rest of Baluchistan 
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which exists in various degrees of indeiwtideuoe, but which is every- 
where subject to British control. British Baluchistan olhcially in- 
cludes the districts of Poshin, Sibi, and of Tal-Chotiali. As these 
districts had originally been Afghan, they vvero trans- 
forred to British authority by the tieaty of (landaniak 
eniatmn. 2879, although nominally they had been handed 
over to Kalat fortv years previously. Now they fonn an official 
province of British Baluchistan within the Baluchistan Agency ; 
and the agency extends from the Goniul to the Aiabian Sea and I 
the Persian frontier. Within this agency there arc districts as 
independent as any in Afghanistan, but the political status of the 
province as a whole is almost precisely that of the native states 
of the Indian peninsula. The agent to the governor-general of 
India, with a staff of political assistants, piactically exercises 
supreme control. 

The increase of Russian influence on the northern Pctbiaii border 
and its extension southwards towards Sistan have led to the anpoiiit- 
mont of a British consul at Kirinan, the dominating 
Kimtan. town of Southern Khorassan, directly connected with 
Mashad on the north ; and the accpiisition of rights of adininis- 
tiation of the Nushki district has secured to Gimt Britain the 
tiade between Sistan and Quetta by the new Helmund desert 
route. 

Whilst British India has so far avoided actual geographical con- 
tact with one great Kuro{>ean power in Asia on the iioitli and wcht 
she has touched another on the cast. The lilekong 
liver which limits British interests in Burma limits 
also those of France in Tongking. 'J'hn oasUMti houiid- 
aries of Burma are not yet lully demarcated on the 
Chinese frontier. At a point level in latitude with 
Mogaung, near the northern termination of tlie Biir- 
Tucse railway system, this boundary is detiiicd by the eastern 
watersheil ortho Nmaika, the c.aaterii of the two great northern 
affluents of the Irrawaddy. Thou it follows an irregular course 
southwards to a position south-east of Bhamo in lat 24*" It next 
dotincs the northern edge of the Shan States, and finally stnkes 
tlic Mekong river in lat. 21* 45' (apjiroxiinatcly) From that )>oint 
southwards the river becomes the boundary hotwocii the Shan 
Slates uiid Tongking for some 200 miles, the chaniud of the ii\er 
deliniiig the limits of occupation (though not ciitiicly of interest) 
between French and British subjects. Approximately on the 
parallel of 20* N. lat. the Burmese boundary leaves the Mekong to 
run westwards towards the Salween, and thereafter following the 
•eastnrii watershed of the Salween basin it divides the Lower Butina 
provinces from Siam. 

More important, howevei, than the geograjihical lelationship 
■of Great Britain and Franco in the wihis of Kasterii Burma 
0 # 1 ## # Great Britain and Russia still farther cast. 

bo dl Arthur by the Kussiaiis at the 

iii*#Ae*^** close of the w'ar between China and Japan in 1894 
Partbeet I’l*^*’^***! Russia in a position favourable for further 
Baat. strategic developments. A lino joining Vladivostok 

with Port Arthur shuts off Korea from the n‘st of Asia, 
dominating the peninsula to the south as otrcctually as it 
dominates Manchuria to the noith. It fuithcr coinmands the 
■entrance to the Gulf of Pe-cheli, and thus might serve to close the 
seaward gates of Poking. British occiipotion of Wei-lmi Wci on 
tliu op]) 08 ite side of the strait connecting the Yellow Sea i\ith the 
Pe-cheli Gulf ensures the duo inainteiianco of British interosis on 
tliat const ; but it not only places Great Britain in closer geogra- 
phical proximity to Russia Jicro than has ever occurred yol in 
Asiatic liistury, but this juxtaposition is eflected at a point where 
all the ougiiies of naval warfare might bo brought into actiuu at a 
day’s notice. 

The following table gives a list of the different political divisions 
of Asia, classified according as they are iude])eii<lcnt of Kiiroiiean 
Powers or otherwise, with the approximate area and jiopulatiou 

I. InD 1£I*£N1)ENT, on NOMINALLY InDEPENDKNT, 


Name of Country. 

Area in stpiare 
miles. 

PnpiiUtmn. 

Persia 

628,000 

9,000,000 

Afghanistan . 

215,500 

4,000,000 

Arabia 

960,000 

2,000,000 

China : 



(1) China Proper 

1,336,850 

386,000,000 

(2) Manchuria . 

362,310 

7,500,000 

(3) Mongolia . . . . 

1,288,000 

2,000,000 

(4) Tibet . 

652,000 

6,000,000 

(5) Dzungaria 

147,950 

600,000 

(6) Tuikestan 

431,800 

580,000 

Total Chinese Territories 

4,218,910 

402,680,000 

Japan 

152,000 

46,500,000 

-Siam 

200,000 

5,000,000 

Total IndependeiU Asia 

6,874,410 

469,180,000 


II. DrPRNDRNT TKliniTORIKS. 


Name of Country. 

Area in square 
miles 

Population. 

TUIIKISH SPHEIIK. 

Asia Minor, Armenia and Kurdistan, 

Mesopotamia, Syria, Ac. 

650,000 

16,800,000 

KuB8t\N Spur UK. 

Caucasus 

180,843 

9,218,695 

Central Asia. 

1,548,825 

7,721,684 

Silieria . 

4,833,496 

5,727,100 

Bokhara 

92,000 

2,500,000 

Khiva . 

22,320 

700,000 

Kwaiig Tung Gwh Arthui, 

TMal Asiattr Jivesia 

6,677,181 

2.1,897,179 

Biunsii Sphkkk 

British India 

961,993 

221,172,952 

Native States 

610,836 

65,706,253 

Baluchistan . 

130,000 

500,000 

Sikkim 

28,020 

38,458 

AiidHiiiaii and Nicobar Klaiids 

3,135 

20,000 

Laccadive Islands . 

80 

1 1,410 

Aden . 

80 

41,910 

Bahrein Islands 


25,000 

Bi itish Borneo 

97,000 

720,000 

Ceylon . 

25,333 

3,009,460 

Hong Kong and Kowloon 

430 

258,000 

Stiaits Settlements and Depend- 

eneies 

28,000 

1,000,000 

Woi-Hni-Woi 

Total British Asia 

1,887,907 

29*2,506,473 

FuENC’ir Sphkrk 

India . 

107 

279,100 

Iiido-Cliinese Peninsula 

363,000 

23,000,000 

Total French Asia 

303,197 

23,279,100 

Gruman Sphrhk 

Kiaocliow 

200 

60,000 

PoRTUUULSK SrilEHR. 

India . 

1,390 

495,000 

Damao . 

168 

77,4.50 

Indian Archiitclugo 

7,460 

300,000 

78,630 

Macao . 

4 

Total Portuguese Asia . 

9,022 

951,080 

Dutch Sphere. 

Sumatra, Borneo, Java, (>clebes, 

Molucca, Timor, ami smaller 

islands 

584,000 

34,000,000 

United States Sphkke. 

Pliili])piiie Islands 

115,300 

8,000,000 

Total Dependent Asia 

10,287,110 

401,494,132 

Grand total, all Asia, Conh- 

NKNTAL and InRULAU 

16, 661,. 520 

870,674,132 


The total area of Continental Asia alone is 17,800,000 miles, 
and its roughly estimated population, 828,000,000. 


The Jifhfwffraphy of Asia. 

Although no systematic imiuiiyinto the cthnograjdiical condi- 
tions of Biitish Asia has been instituted of late years, collateral 
information has been ac«|Uired during the iirogress of late poli- 
tical missions and niilitury campaigns which has assisted to 
illustrate some of the more complex of Asiatic race problems. 
Withm the limits of the continent vast emigrations have taken 
place iieriodically, originateil paitly by the increase of populations 
in certain districts, ainl the dimiiiutioii of food siipjily m olliers 
due to change of climatic conditions ; and jiartly by the Just of 
conciuest, rt*sultiiig in the iriuption of savage hordes into districts 
already brought under civilized conditions of existence. These 
irruptions occurred in days wlicii ^^ar was not relegated to a 
portion of the population set apart as the military caste, but when 
entire nations joined the moveriieiit, and their tides swept east 
and west in fierce currents of swarming humanity for whicli we 
can find no parallel later. Combining with the peoples whom 
they swamTied m their course, tliey liave survived in com- 
nmnities all over Southern Atia in conditions so mixed that 
the problem of individual origin is involved in the greatest 
entanglement. 
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The result of trans-border surveys to the north and west of 
India has been to establish the important geographical fact that it 
is by two gateways only, one on the north-west and one on the 
west of India, that Ihe Central Asiatic tides of immigiation have 
flowed into the peninsula. The Kabul valley indicates the noith- 
western entrance, and Makrdn indicates that on the west. By the 
Kabul valley route, which includes at its head the group of passes 
across the llindii Kuslt wdiich extend from the Khawdk to the 
Kaoshan, all those Central Asian hordes, be they Saca*, Yuchi, 
dais, Goths, or Iluns, 'who were driven towards the rich plains 
of the south, entered the Punjab. Some of them tnigiated from 
distri('4:«i winch belong to Kasteru Asia, but none of thorn ireno- 
trated into India by eastern passes. Such tides as set towards the 
llinialaya bt'oke agarust their farther buttresses, leaving an iiiter- 
<*siing ethnogranhrcttl flotsam in tire northern valleys ; but they 
never overflowed the Himalavan barrier. And more recently most 
of the historic invasions of India from Central Asia followed the 
route which leads directly from Kabul to Peshawur and Delhi. 

By the western gates of Makrdn prehistoric iirujitiuiis from 
Alesupotamia broke into the plains of Lower Sind, and either passed 
on towards the central jiroviiices of India or were ahsoihed in the 
highlands south of Kalut. In later centuries the Arabs from the 
west readied the valley of the Indus by this western route, and 
there established a dynasty which lasted for UOO years. The 
identification of existing peoples with the various Scythic, 
IVrsiaii, and Arab races W’ho have ]iasscd from High Asia into 
the Indian Imrdorlaiid, has opened up a vast fichl of ethuogiuphical 
iiKjuiry which has hardly yet found adomiate woikcrs for its 
investigation. 'J'o suidi fields may he added the yet more com- 
pli<*ated prublcnis of tlioso reflex waves which flowed backwards 
from India into the border highlands 

By far the greater part of the population of Asia is Mongolian. 
In the form of nomadn; mid coiriparafively jieaceful communities 
they extend through the ice-bound stepj»es of Siberia and the 
steiile Hands of the central duscits to tne jiluins north of the 
Casjiian, and through Kasteni Asia, China, and Tibet to Burma 
and Noithern India. We now know that to the Tibeto-Cliinese 
inodilications of the pure Mongolian tj’pe all the Eastern Burmeso 
tribes— Chins, Kaehiiis, Shans, Ac. —belong (as imleed do the 
Bui mose themselves), and that a eoguuto race occupies tin* Himalaya 
to the eaHtcrn limits of Kashmir. 

Some new light has been thrown on tlie connexion between the 
M'lhotan race and certain tribes of Central India, the Bhils and 
KoIh : and it seems more probable that tliese tribes am the remnants 
of u Mongolian lace which first displaced a yet oailier Negroid 
population, and was tluui itself sliouldered out by a Caucasian 
irruption, than that they entered Iiulia by any of the northern 
lassages within historie times. Mongolian settlements have lately 
loflii found viTy much farther extended into the holder countries 
<»f Noith-west India than lias been hitherto leeognizod. The 
Mingala, wlio, conjointly with the Bruhuis, occupy the hills south 
of Kalat to the limits of the Rajput province of Lus Bela, elnim 
Mongolian deseeiit, and traces ot a Mongolian colony have been 
fouiiu in Maki’iin. 

Considerahlo jirogress has been made in the classification of the 
various races which occupy the continent to the west of the great 
Mongolian region. The ancient Sacie, or Seytlis, are now recog- 
nized 111 the Aryan population, who may bo found in groat numbers 
and in their ]mresi form in the more inac(;essible inouiitains and 
glens of the central highlands. Tliese Tajiks (as they aio usually 
called) form the underlying population of Persia, Baluchistan, 
Afghanistan, and Badakshan, and their language (iii the central 
districts of Asia) is found to contain words of Aryan or Sanskrit 
derivation which are not known in Persian. They have been for 
the most part diNpossessed of their country by Turkish immigia- 
tion and eoiniiiosts, hut they still retain their original intellectual 
Bupenoiity o>ei the Turkish and other mixed tribes by which they 
are surrounded. Uzbeks and Kirghiz have but small affinity with 
the Mongol element of Asia. They are the rapreseiiiatives of those 
countless Turkish iiruptiuiis which have taken place through all 
histoiy. Of the two divisions (Kara Kirghiz ana Kassak Kirghiz) 
into which the Kiighi/. tribes are divided by Russian authorities, 
the Kassak Kirghiz is tlie more closely allied to the Mongol ty jie ; 
tlic Kara Kirgiiiz, who are found principally in the valleys ol the 
Tian-Shan and Altai mountains, being unmistakably i'urkish. 
'I he Kipchaks are only a Kirghiz clan. The language of the 
Kirghiz is Tiirki ami their religion that of Mahomnied. As a 
nomadic people they have great contem])t for the Sarts, who re- 
piesent the town dwellers of tlie tribe. The Kalmuks are a 
Buddhist oil d Mongolian ^^sjoplo who originated in a confederacy 
of tiibos dwelling in Dziingaiia, migrated to Siberia, and settled on 
the Lower Volga. From thence they returneil late in the 18th 
eentury to the rcoceupation of their old ground in Kuldia under 
the Chinese. The Turkman is the purest form of the Turk elo- 
inont, and his language is the purest form of the Turkish tongue, 
w Inch is represented at Constant iiio]tle by a comparatively mongrel, 
or mi\ed, dialed. Recent ethnographers have traced a connexion 
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between the Turkman of Central Asia and the Teutonic races of 
Europe, based on a similarity of national customs and immemorial 
usage. Evidence of an original affinity between Turkman and 
Rajput has also been found in the mutual possession by these races 
of a ruddy skin, so that as ethnographical inquiry advances the 
Turk appears to recede from his Mongolian affinities and to ap- 
proach tlie Caucasian. Turks and Mongols alike were doubtless 
included under the term Scyth by the ancients, and as Tatars by 
more modern writers, insomuch that the Turkish dynasty at Delhi, 
founded by Babar, is usually termed the Mogul dynasty, although 
there can be no distinction traced betw'een the terms Mogul and 
Mongol. The general results of recent inquiry into the othiio- . 
graphy of Afghanistan is to 8up}iort the general correctno«is of 
liellew's theories of the origin of Afghan races. The claim of the 
Duraui Afghan to be a true Beu-i-lsraol is certainly in no way 
weakened by any recent investigation. The iiifliieiicc of Greek 
culture in Northern India is now fully recognized, and the distii- 
butiou of Greek colonies tirevious to Alexander’s time is attested 
by recent practical knowledge of the districts they were said to 
occupy. The of the Nysicaiis, and the identity of certain 

trihos of Kaflristan with the descendants of these pre-Alexandiiaii 
colonists from the west, are also well established. To this da\ 
hymns are unwittingly sung to Bacchus in the dales and glens of 
Kahristan. The ethnographical status of the mixed tribes of the 
mountains that he between Chitral mid tlio Peshawur plains has 
been fairly w'ell fixed by Biddiilph, and much patient inquiry in 
the vast iiclds of Baluchistan by Mockler, Tate, and others has 
resulted in quite a new ajipreeiation of the tribal origin of the 
great ( oiiglonioratioii of Baliich peojiles. 

Tlie recent bihliogiaphy of Asia, including the works of travellers 
and explorers sinpo 1880, is voluminous. It is inijuissiblo to refer 
to all that has been written in the Survey Reports and Decent 
Gazottt'cri of the Government of India, or in the records Blbllo» 
of the Royal Asiatic Society, or the Asiatic Society, granby 
Bengal ; hut amongst the iiioic important popular of Asia. 
works are the following 

Ricutiiofen. “China, .lapan, and Korea,” vol. iv. J(mr. 

H. (t *V., China. Berlin, 1877. — Rkcel. “ Upjier Oxus,’* vol. i. 
Proc. Ji. G. S.t 1879. — Bkllew, Dr. Afghanistan and the Afghans, 
London, 1879. — Pu.ievalski. “ Explorations in Asia.” Soovols. 

I. ii. V. ix. and xi, of the Proc. Jt, G. A’., 1879-1889.— Bi.unt, W. 
“A Visit to Jebel Shainmar,” vol. ii, Proc, H. G. 1880. — Gill, 
Captain. 7'he Jliver of Golden Sand. London, 1880. — Temple, 
Sir R. “Central Plateau of Asia,” vol. iv. Proc. E. Q. S.^ 1882.— 
Baker. “ A .Tourney of Exploration in Western Ssu-Chuan,” 
vol. i. Supplementary Papers H. G. S., 1882-1885. — Wilson, SirC. 
“Notes on Physiijul and Historical Geograjihy of Asia Minor,” 
vol. vi. Proc. E. G. S., 1884.— Walker, General. “Asiatic Ex- 
plorers of the Indian Survey,” vol. viii. iVor. E G. A’., 1886.- - 
Beal. Buddhist Eer^ords of the Western World. Boston, 1885. - 
Doughty. Travels in Northern Arabia. Cambridge, 1886.- 
Travels in Arabia Deserta. Cambridge, 1888. — Venukoff. 
“Explorations,” vol. viii. Proe. E. G. *V., 1886. — Elias, Ney. 

“ Exjilorations in Central Asia.” See vols. viii. and ix. Proc. 
iZ. G. 1886-1 887. —Carey. “ Explorations in Turkestan.” See 
vol. ix. Proc. E. G, S.^ 1887.— Lansdell. Through Central Asia. 
London, 1887. — Colquhoun, Eeport on Jlailivay Connexion be- 
tween Eumut and China. London, 1887. — Tate, Major C. 
Northern Afghanistan. Kditi burgh, 1888. — Younohubbanu, 
Oapt. F. I'he Jleart of a Continent London, 1893. — A Journey 
Through Manchuria^ <£r. Lahore. 1888. — Also, see vol, x. 
iVor. H. G. S., and vol. v. Jonr. E. G. S.-^Dk Rhinb. L*Asie 
Centrale. Paris, 1889. —Bon VALOT. through ihe Heart of Asia. 
Trans, }*itman. I.ondon, 1889. — Froni Pans to Tonkin. Trans. 
Pitman. London, 1891. — Roborovbki. Translation from Russian 
Invalided Oct. 1889.— Vol. xii. /Voc. E. O. -ST.— “Central Asia,’" 
vol. viii. Jour. E. Q. S.f 1896. — Bell, Colonel. “Trade Routes 
of Asia,” yol. xii. Proc. E G. S., 1890.— Rockhill. “An 
American in Tibet.” Century Magazine^ Nov. 1890. — Land 
of the Lamas. London, 1891. — Bent, Theoooiie. ” Iladramnt,” 
vol. iv. Jour, E. G. S., 1894. — “Southern Arabia,” vol. vi. Jour. 

E O, S., 1896. — “ Bahrein Islands,” vol. xii. J^oc. E. O. S.^ 1890. 

— Gkombcuekbki. “ Explorations in Kuen Lun,” vol. xii. Proe. 

E. G. S., 1890. — Lyoekrer. “The Geology of the Kashmir 
Valley and Chamba Territories,” vols. xiii. and xiv. Geological 
Survey of India.- Max M Ollrr. The Sacred Books of the Bast. 
Oxford, 1890-1894.— Reclus, ElisAk. The Earth and its Inhabit- 
ants. (Series) 1 800. — Leitner. Darrfisian.— Hlanford, H. F. 
Elementary Geography of India^ Burma^ and Ceylon. London, 
1890. — Guide to the Climate and Weather of India. London, 
1889. — Dunmohe, Lord. The Pamirs. London. 1892. — ^Tis- 
banoier, a. Voyage au tour du Monde, Paris, 1892. — Cunzox, 
Lord. Persia and the Persian Question, London, 1892. — Eussia 
and thr Anglo^Eussian Question Ijondon, 1889. — Problems oj 
the Ear East. London, 1894. — Bower, Captain. IHary of a 
Journey Across Tibet, Calcutta, 1893. — Szeoiiknyt. IHe JVis- 
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seimh^lichen Ergtlniase der Iteiae dfs Orafen liHa Szechmm la 
Ostaaun, Wien, 1898.— Oldham. “ Evolution oil ml iaii (JeoloKv ” 1 
vol. iii. Jmr. if. Q. S., 1894 —Toll, Baron. “Sibeiia,” vol. iii. i 
R» Q* 1894. Delmar, Morgan. “The Mountain S\b» 
terns of Central Asia.” Geological Magazine^ No. 10, of ' 

1894. — Goldsmid. “Persian Geography,” vol. vi. Jaur. H u! S., \ 

1895. — WAiiiiiNOTONr Smyth. “Siam,” vol. vi. .W A’. 0, S. ’ 
1895. Siamese East Coast,” vol. xi Jour. 1898.— Kuopotkin! 
“Siberian Rsilway,” vol. v. R G. S. Jour., 189.5. —La wrknck, ' 
W. R. The Vale of KoJthmir. Oxford, 1895 - VAUonAN, Captain. 

“ Persia,” vol. viii. Jour. R G, S., 1896.— D’Orlkans, Ptinrc* H 
“Yunan to India,” vol. vii. Jour, R. O. N., 1896. — “ Toiikni to 

• Talifu,” vol. viii. Jour, R, G,S,, 1896.— Holdich, Sii T. “Ancient 
and Medieval Mnkrari,” vol. vii. Jour. R. G. S , 1896.— Woon- 
THORPic, Colonel. “Shan States,” vol vii. R Q, ,5., 1896. 
— Ihport of tlie Pamir Rouwfari/ Cnmnn\K.von. <'jilentta, 1896. 
— Littledale. “Journey Across the Pamirs fiom Ninth to 


Sonth,” vol. ill. Jour, R, G S., 1894, ami vol. vii Jour, R G JS., 

1896.— Roukiitson, Sir G. The Kajir of the Htndu Kuah. 
lAindon, 1896 — Stikkk, Captain. “Persian Gulf Tinding 
Centres,” vol. viii. ix. aiulx. Jottr. R. G. S , 1897. —Km as A Ross. 
A UiHloiy of the MoghiUa of Genital Asm, from ilt^e TiXv»kh-\~ 
Rastisdi of Mirza Jlaxdar. London, 1898. — Gkfnaud. Misston 
Sciciiti/iqiic sur In llavie .isie. Pans, 1 898. —SvKN Hedin, Ur. 
Through Asia, London, 1898 —Ucttgraphie dea Jloehlaudts ron 
Pamir, Berlin, 1894 — Welliiy, Captain. “Through TiUt,” 
/*. G S.Jour., Sept. 1893. — S\i kb, (’.iptain. “ Pfi‘*ian Expl(»ra- 
tions,” v«»;. \ Jour P •/ ,S , 1898. Kuonshin. “Old P.«-t!s of 
the 0x118, ' Jour. P G, R, Si>pt 1S98 .— Huntkh. Sii W. JJtaton/ 
of RritiHh India, vol. i. London, 1898.- Di any, Cnptiiin. “\V c.sleiu 
Tibet,' ^ol. i\ Joh" P G S., and Felnuaryand June nunilwis 
ol R. G. S. Jout lor 1899 - l>r a \nd, Colonel A. I'hc Making 
of a Ftontier Jiondon, 1899.— Cubbold, R. Invn most Amr. 
London, 1900, II. ii.*) 


AsiOi the first Roman province east of the yEgcau, was 
formed 133 b.c. out of the kingdom left 1>) the will of 
Attains, king of Perganios, to the Romans. It included 
Mysia, Lydia, Oaria, and Phrygia. In SI nc,oii the 
close of the Mithradatic w^ar, Sulla reorganized the jirovince, 
and it was then or later divided into cmimnim. In 27 n.c. 
it was made a senatorial ])rovince under a pro-consul 
Ry the reorganization of Diocletian, a.d. 297, A.sia wa.s 
hroken up into several small provinces, and one of tlu'se, 
of wliicli the capital was Ephesus, retained the name of 
the original province. 

Asift Mlnori the peninsula on the extreme west 
of Asia, bounded on the N, by the Rhick Si‘a, on the 
\V. by the Aegean, and on the S. by the ]Vf<‘ditm'- 
raiiean, and at its N.W, cxtnjinity is only [lartcd from 
Europe by the narrow straits of the Bos]>oru8 and Dar- 
(lanelles. C)n the E. no natural boundary separates it 
from the Armenian ]>lateau, but, for dcscri]>tive purposes, 
it will suffice to take a line drawn roughly from the 
(liaour Dagh, east of the Gulf of Alexandretta, to the 
Black Sea, east of Trebizond. The term Anatolia is 
sometimes u.sed by geographers as synonymous with 
A.sia Minor; and the same country, excluding Cilicia, 
is locally called lidin, a name which ])erpctuates tlic 
memory of Home. The greater jiortioii of Asia Minor 
consists of a plateau rising gradually from west to ca^t, 
2500 feet to 4500 feet, until, east of the Kizil Trmak, the ! 
ground rises more sharply to the highlands of Armenia 
(see Arm kni a). On the south the ])Iate*au is buttressed by the 
Taurus range, which stretches in a broken irregular line 
from the Jilgean to the Persian frontier. On the north it is 
supported by a range of varying altitude, wliich follows the 
southern coast of the Black Sea and has no distinctive 
name. On the west the edge of the plateau is broken by 
broad valleys, and the deeply-indented coast-liiie throAvs 
out long rocky promontories towards Europe. On the north, 
excepting the deltas formed by the Kizil and Yeshil 
Irmaks, there are no coast plains, no good harbours 
except Sinope, and no islands. On the west there arc 
narrow coast iilaiiis of limit(*d extent, deep gulfs, which 
offer facilities for trade and commerce, and a fringe of 
protecting islands. On the south are the plains of Pam- 
]>hylia and Cilicia, the almost land-locked harbours of 
Marmarico and Makri, the broad bay of Adalia, the deep- 
seated gulf of Alexandretta or Tskanderiin, and the islands 
of Rhodes, Castelorfzo, and Cyprus. The geolojy of Asia 
Minor is imjxirfoctly known. The Taurus range is, for 
the most part, formed of Cretaceous limestones, and the 
Black Sea coast range of saccharine limestones, mica 
schists, and metamorphic rocks. The interior is |Mirtly 
occupied by a vast plain of Tertiary lacustrine formation ; 


Igneous rocks are loiind in iic^arl) c\cry part td tin' 
peninsula. In the south west, scrpcntiuc occurs; lo'md 
Kida and in the l^hrygian iiionumcut country the!*(‘ are 
extensive volcanic dcjiosils ; and in the nortli-west there 
are granites and various forms ni tr.u*hyte. In tin* soulJi- 
east a remarkabli* series of vohanic mountains, apjMrontly 
of the Tertiary period, stretches from Mount Aig.i is to 
Kara Dagh, and around them are soft volcanic ntcks in 
wdiich dwelling-places ha\c b(‘en cut from a remote 
jieriod. 

M(nmtai7is . — The Taurus range, pmliaps the most im 
portant feature in Asia Minor, attains in Lv( ia allitiides 
of 9800 and 10,500 feet, and in the Bulgur i)agh of 8000 
and 9000 feet. East of the Bulgar Dagli tin* continuity of 
the range is liroken by the Sihhn and Jthun, and their 
tnbutari(*s. The ]u'inci])a] passes aci’oss the range aie 
tho.se over which 1 Ionian or Byzantine roads ran . — From 
Laodicea to Adalia ; from \])aniea or from Pisulian 
Antioch to Adalia; from Liiiamla to German icopol is, and 
thence to Anemonnuui oi Kclcinleris ; from Liranda to 
Claudiopolis, and thence to Kclendens or Sclcuceia ; from 
Iconium or Cya?siirca-Mazaca through the (hliriau Gates 
to Tarsus ; from CVsarea over Anti-Taurus to the valley 
of the Sarus, and thence to Flavio]>oli.s on the (Ulician 
Plain ; from Caesarea over Anti-Taurus to Kokuso.s, and 
thence to Gcrmanicia. Large districts on the soullicni 
slopes of the Taurus chain arc covered witli forests of oalc 
and hr, and there are numerous “yailas” or “aljis,^' with 
abundant jiasturage, to whicli vjllagi’rs and nomads move 
with their flocks during tlie summer months. Anti-Taurus 
i.s the line of heights and mountain jicaks which sc]>arate8 
the waters running to the Bl.ick Sea and tlie Anatolian 
plateau from those falling to the J\*rsian Gulf and tlie 
Nrediterraneaii. It lias ils origin in the high land, near 
the source of the Ki/il Jrmak, and thcnci* runs south-west 
to the volcanic district of Mount Arga*us. Here it loses 
its distinctive character, but soutliwards it terminates in 
the lofty 8lmrp-]ieaked ridge of Ala Dagh. South of 
Sivas a line of liare hills coniKicts Anti-Taurus with a 
range of higli forest-clad mountains, which loses itself 
southwards in th(» main mass of Taurus. This range, hel<l 
to bo the true Anti-Taiinis by some geograiihers, throws 
off, in the latitude of Kaisarfeh, a third, the Binboa Dagh, 
which separates the waters of the Sihiin from those of the 
Jilmn. The principal passes are those followed by the old 
roads . — From Sebasteia to Tephriko and the Euphrates ; 
from Sebastcia to Melitene ; and from ("losarea to 
Arabiasus. The range of Amanus (Giaour Dagh) is sharply 
separated from the mass of Taurus by the deep gorge of 
the Jiliiin, whence it runs S.S.W. to RAs el-Khanzir, 
forming the limit l)etwet*n Cilicia and Syria. It attains 
its grcate.st altitude in Kaya Duldul, G500 feet, which 
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rises abruptly from the bed of the Jihiin, and it is crossed 
by two celebrated passes — the Amanides Pylae (Baghche 
I^ss), through which ran the road from the Cilician Plain 
to Ajiamea- Zeugma, on the Euphrates; and the Pylae 
Syria3 (Beilan Pass), through which passed the great 
liomau highway from Tarsus to S3rria. On the western 
edge of the plateau several short ranges, running apjiroxi- 
nutely wist and west, rise al)Ove the general level : — 
Halbakus- Kadmiis, 8000 feet; Messogis, 3600 feet; 
Tinoliis, 4000 feet ; IJindymus, 8200 feet ; Ida, 5800 feet ; 
and the Mysian Olymjms, 7600 feet. The valleys of the 
Maiander and Hermus facilitate communication Initween 
the plateau and the Ailgean, and the descent from Dory- 
heum to the Sea of Marmora presents no difficulties. The 
northern buttress of the plateau is formed by a succession 
of forest clad mountain ranges, which have a general east 
and west direction, and rise progressively as they apjiroach 
the interior until they culminate in the Galatian Olymjms, 
8200 feet. East of the Kusil Irnuik, although the grouml 
is in i»laces over 7000 feet high, there is no distinct 
mountain cliain. The liest routes from the jilateau to the 
Black Sea are those followed by the Homan roads from 
Tavium and Sebasteia to Amisus. Several minor ranges 

rise above the level 

of the jdatejiii, and 
ill its south-east 
quart(*r groups of 
volcanic peaks and 
cones extend for 
about 1 50 miles 
from Kaisarftsh to 
Karaman. 'J'he most 
iiujiortant arc M. 

Argicus, 13,100 
feet; Ali Dagh, 6200 
feet ; Hassan Dagh, 

8000 f(iet ; Karaja 
Dagh; and Kara 
Dagh, 7500 feet. 

The centre of the 
jdateau is occujned 
by a vast treeless 
I » lain, the Axyloii 
of the Greeks, in 
which lies a large 
salt lake, Tu/ Geul. The plain is fertile where culti- 
vated, fairly sujiplied with deejj wells, and in many 
)>laces covered with good jiastui-e. Enclosed between the 
Taurus and A maims ranges and the sea is the fertile plain 
of CUlicia, consisting in great jinrt of a rich, stoneless loam, 
out of which rise rocky crags that are crowned with the 
ruins of Gret;o-Homan and Armenian strongholds 

Jtivera , — The rivers of Asia Minor are of no groat im- 
jiortance. Some do not How directly to the sea ; others 
iind their way to the coast througli deej) rocky gorges, or 
are more torrents ; and a few only are navigable for boats 
for short distances from their mouths. The most im- 
jiortant rivers which flow to the Black Sea are : — the Iris 
(Veshil Irmak), with its tributaries the Lycus (Kelkit 
Irmak), which rises on the Arnieiiiau plateau, the 
CJhekerek Irmak, which has its source near Yuzgat, and 
tiie Tersakan 8u. The llalys (Kizil Irmak), the largest 
riv('r in Asia Minor, witli its tributaries the Delije Irmak, 
ClJajijwidox, which flows through the eastern part of 
Galatia, ai^l the Geuk Irmak, which has its sources in the 
mountains above Kastamiini. AVith the excejition of 
Sivas, no town of importance li(‘s in the valley of the Kizil 
Irmak throughout its course of over 600 miles. The 
Suugarius (Sakarla) rises in the Phrygian mountains and, 
after many changes of direction, falls into tlie Black Sea, 
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about 80 miles east of the Bosporus. Its tributaries are 
the Pursak Su (Tembris), which has its source in the 
Murad Dagh, and, after running north to Eski-shehr, flows 
almost due east to the Sakarla, and the Enguri Su, which 
joins the Sakarla a little below the junction of the Pursak. 
To the Black Sea, about 40 miles east of Eregli, also flows 
the Billmus (Filiyas Chai). Into the Sea of Marmora run 
the Hhyndacus (Edrenos Chai), and the Macestus (Susurlu 
Chai), which unite about 12 miles from the sea. The 
most celebrated streams of the Troad are the Granicus 
(Bigha Chai) and the Scamander (Mcndere Su), both rising 
in Mount Ida (Kaz Dagh). The former flows to the Sea 
of Marmora ; the latter to the Dardanelles. The most 
northerly of the rivers that flow to the ^Egean is the Caicus 
(Bakir CJiai), which runs jmst Soma, and near Pergamos, 
to the Gulf of Chandcrli. The llermus (Qediz Chai) has 
its princijial sources in the Murad Dagh, and, receiving 
several streams on its way, runs through the volcanic 
district of Katakekaumene to the broad fertile valley 
through which it flows past Manisa to the sea, near Lefke. 
So recently as about 1880 it discharged into the Gulf of 
Smyrna, but the shoals formed by its silt-laden uaters 
were so obstructive to navigation that it was turned back 

into its old'bed. Its 
princijial tributaries 
are — the J’hrygius 
(Klim Chai), which 
receives the waters 
of the Lycus (Geur- 
duk Chai), and the 
Cogamus (Kuzu 
C^hai), which in its 
upper course is sejia- 
rated from the val 
ley of the Mieander 
by hills that were 
crossed by the 
Homan road from 
Pergamos to Lao- 
dicea. The Caystrus 
(Kuchuk Mendere) 
flows through a fer- 
tile valley between 
M. Tmolus and Mes- 
sogis to the sea near 
Ejjhcsus, where its silt has filled up the port and advanced 
the coast -line between 2 and 3 miles. The Mseander 
(Mendere Chai) takes its rise in a celebrated group of sjirings 
near Dineir, and after a winding course enters the broad 
valley, through which it meanders to the sea. Its deposits 
have long since filled up the harbours of Miletus, and con- 
verted the islands which protected them into mounds in 
a swampy i>lain. Its princijml tributaries are the Glaucus, 
the Benarus (Banaz Chai), and the llippurius, on the right 
liank. And on the left bank are the Lycus (Churuk Hu), 
which flows westwards by Colossai through a broad open 
valley that aftbrds the only natural approach to the 
elevated plateau ; the Harjiasus (Ak Chai), and the Marsyas 
(China Chai). The rivers that flow to the Mediterranean, 
with two exceptions, rise in Mount Taurus, and have short 
courses, but in winter and spring they bring down large 
Ixxiies of water. In Lycia are the Indus (Qereniz Chai), 
and the Xanthus (Eshen Chai). The P^mphylian plain is 
.traversed by the Cestrus (Ak Hu), the Eurymedon (Keupri 
Hu), and the Melas (Menavgat Chai), which, where it enters 
the sea, is a broad, deep stream, navigable for about 6 
miles. The Calycadnus (Geuk Su) flows south-east, near 
Miit, and enters the sea a deep rajnd river about 12 miles 
below Helefke. West of Miit it is joined by a largo 
stream which runs below Ermenek. The Cydnus (Tersus 
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Chai) is formed by the junction of tliree streams tliat rise in 
Mount Taurus, and one of these flows through the narrow 
gorge known as the Cilician Gatos. After passing Tarsus, 
the river enters a marsh which occupies the site of the 
ancient harbour. The Cydnus is liable to floods, and its 
deposits have covered Roman Tarsus to a depth of 20 feet. 
The Sarus (Sihiin) is formed by the junction of the 
Karmalas (Zamanti Su), which rises in the UzVm Yaila, 
.and the Sarus (Saris), which has its sources m the lulls to 
the south of the same plateau. The first, after entering 
Mount Taurus, flows through a deep chasm walled in by 
lofty precipices, and is joined in tlie luiart of the range 
by the Saris. Before reaching the Cilician Plain the river 
receives the waters of the Kerkhun Su, which cuts through 
the Bulj^r Dagh, and opens a way for the roads from 
the Cilician Gates to Konia and Kaisarieh. After passing 
Adana, to which point small craft ascend, the Sihiin runs 
south-west to the sea. There are, however, indications 
that at one period it flowed south-east to the Pyramus. 
The Pyramus (Jihiin) has its principal source in a group 
of large springs near Albistan ; but Inifore it enters Mount 
Taurus it is joined by the Sogutli Irinak, tlie Khurman 
Bu, and the Qeuk Su. The river emerges from Taurus, 
about 7 miles west of Marash, and here it is joined by the 
Ak Su which rises in some small lakes south of Taunis. 
The Jihiin now enters a remarkable defile which sejjaratcs 
Taurus from the Giaour Dagh, and reaches the Cilician 
Plain near Budriim. From this point it flows west, and 
then south-west past Missis, until it makes a bend to dis- 
cliarge its waters south of Ayas Bay. The river is 
navigable as far as Missis. In the central and southern 
]»ortion8 of the plateau the streams either flow into salt 
lakes, where their waters pass off by evaporation, or into 
freshwater lakes, which have no visible outlets. In the 
latter cases the waters find their way beneath Taurus in 
subterranean channels, and reappear as the sources of 
rivers flowing to the coast. Thus the Ak Goul supjflies 
the Cydnus, and the Bcishehr, Egirdii, and Kestel lakes 
the rivers of the Pamphylian I’lain. 

Lakes, — ^The salt lakes are Tuz Geul, which lies in the 
great central plain, and is about 60 miles long and 1 0 to 
30 miles broad ; Buldur Geul, 2900 feet above sea-level ; 
and Aji-tuz Geul, 2600 feet. The sweetwater lakes are 
Bcishehr Gteul, 3770 fe(?t, a fine sheet of water 30 miles 
long, which discharges south-east to the Soglila Geul ; 
Eginiir Gteul, 2850 feet, which is 30 miles long, and noted 
for the abundance and variety of its fish. In the north- 
west portion of Asia Minor are Isnik Geul, Abulliont Geul, 
and Maniyas Geul. 

Springs , — Asia Minor is remarkable for the number of 
its thermal and mineral springs. The most important are : 

Yalova, in the Ismid saiyak ; Bnisa, Chitli, Terje, and 
Eski-shehr, in the Brdsa ; Tuzla, in the Karasi ; Cheshme, 
llija, Ilierapolis, and Aia-shehr, in the Aidin ; Terzili 
Hammam, in the Angora ; Boli and Iskelib, in the Kasta 
mfini ; and Khavsa, in the Sivas vil4yct. 

The climate is varied, but systematic observations ari' 
wanting. On the plateau the winter is cold, and in the 
northern districts there is much snow. The summer is very 
hot, but the nights are usually cool. On the north coast 
the winter is cold, and the winds, sweeping across the 
Black Sea from the steppes of Russia, are accomiwinied by 
ton*ents of rain and heavy falls of snow. East of Bamsun, 
where the coast is jiartially prot^ected by the Caucasus, the 
climate is more moderate. In summer the heat is damp 
and enervating, and, as Trebizond is approached, the vege- 
tation becomes almost subtropical. On the south coast 
the winter is mild, with occasional frosts and heavy rain ; 
the summer heat is very great. On the west coast the 
climate is moderate, but the influence of the cold north 
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winds is felt as far south as Smyrna, and the winter at 
that place is colder than m corresponding latitudes in 
Europe. 

The mineral wealth of Asia Minor is very great, but few 
mines have yet been opened. The minerals known to exist 
are- alum, antimony, arsenic, asbestos, boracide, chrome, 
coal, copper, fuller’s earth, gold, iron, kaolin, lead, lignite, 
magnetic iron, matigamjse, meerschaum, nickel, rock-salt, 
silver, suljihui, and zinc. The vegetation varies with the 
climate, soil, and elevation. I’he mountains on the north 
coast are clothed with dense forests of ]»ine, fir, cedar, oak, 
lieech, &c. On the Taurus range the forests are smaller, 
and there is a larger proj»ortion of pine. On the west coast 
the ilex, iilane, oak, vaionea oak, and ])iiie predominate. 
On the ))lateaii willows, po]>larR, and chestnut trees gi*ow 
near the streams. C)n the south and west coasts the fig 
and olive are largely cultivated. The vine yields rich 
produ(;e eveiywhere, except in tin? higher districts. The 
apple, j>ear, cherry, and plum thrive well in tlu* north ; 
the orange, lemon, citron, and sugar-cant' in the south ; 
styrax and mastic in the south- west; and the >\ht‘at lands 
of the Sivas vihtyet can hai(ll> be surpassed. The most 
important vegetable productitais are— cereals, cotton, gum 
tragacanth, litpiorice, olive oil, opium, rice, saffron, salej>, 
toViacco, and yellow berries. Silk is jiroduced in large 
tluantities in the vicinity of Bnisa and Amasia. The wild 
animals include beai, boar, chamois, fallow, red and roe 
deer, gazellt*, hya'na, ibex, jackal, lynx, moufflon, jianther, 
wild sheep, and wolf. Amongst the domestic animals are 
the buffalo, the Syrian camel, and a mule camel, bied from 
a Bactrian sire and Syrian mother. Large numbers of 
sheep and Angora goats are reared on tht' plate^iii, and fair 
horses arc bred on the Hziin Yaila ; but no effort is made 
to improve the quality of the wool and mohair, or the 
brecid of horses. Good mules can be obtained in several 
districts, and small hardy oxen arc largely bred for plough 
ing and transport. The larger birds are the bittein, great 
and small bustard, eagh‘, francolin, goost' ; giant, grey, and 
red-legged partridge ; ])elican, pheasant, stork, ami svan. 
The rivers and lakes are well supplied with fish, and tlie 
mountain streams abound with trout. 

HisUrry, — Asia Minor owes the peculiar interest of its 
history to its geogmphical position. “ rianteil like a 
bridge between Asia and Pluiope,” it has l>cen from the 
earliest jx^riod a battle-ground betw^ecn tlie east and the 
west. The central plateau, 2500 to 4500 feet above the 
sea, with no navigable river and few’ natural ajiproaches, 
with its monotonous scenery and severe climate, is a con- 
tinuation of Central Asia. The west coast, wuth its alter- 
nation of sea and j)iomontr>ry, of rugged mountains end 
fertile valleys, its bright and varii'd scenery, and its lino 
climate, is almost a jwirt of Jilurope. These conditions are 
unfavourable to iHirmanence, and the history of Asia Minor 
is that of the march of liostile armies, and the rise and fall 
of small states, rather than that of a united state under 
an independent sovereign. At a very early iieriod Asia 
Minor apiiears to have been occupied by non-Aryan tribes 
or races w^hich differed little fiom eacli other in religion, 
language, and social system. Since 1875 much lijght has 
been thrown upon out' of thi'se races- -the “ Hittites ” or 
“Hyro-CapiMulocians,” who, after their nile had iiassed 
away, were knowm to Herodotus as “ White Syrians,” and 
whose descendants can still be recognized in the villagi's 
of Cappadocia.^ TJic centre of their power w^as Boghaz 
Keui (rteria), east of the Halys, whence roads radiated to 
the Jiarbours on the yEgcan, to Sinope, to Nofthern Syria, 

' 'Hie pcuplt!, Moslem and Christian, are physically one and appear 
to bo closely related t(» the modern Armenians. This relationship is 
noticeable in other districts, ami the whole original iiopulation of Asia 
Minor lias been characterized as Proto- Armenian or Armeiioid. 
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and to the Cilician Plain. Their strange sculptures 
and inscriptions have been found at Boghaz Keui, 
ICuyuk, Fraktin, Tvriz, and other places Initween Smyrna 
and the Euphnitcs (scic Hittites, in the ninth edition 
of this work). When the great Aryan immigration 
from Europe commenced is unknown, but it was dying 
out in the 11th and 10th centuries n.c. In Phrygia 
the Aryans founded a kingdom, of which traces remain in 
various rock tombs, forts, and towns, and in legends ])re- 
served by the Clri»eks. The Phrygian power wus broken 
in the 9th or Mth century n,o. by the Cimmerians, who 
entered Asia Minor through Armenia ; and on its decline 
rose the kingdom of Lydia, with its centre at iSardis. A 
second Cimmerian invasion almost destroy<»d the rising 
kingdom, liut the invaders were expelled at last by 
Alyattcis, 617 n.(\ The last king, Crmsus, 5G0-546 
earned the boundaries of Lydia to the Halys, and 
subdii(5d the Creek colonies on the coast. The date of 
tlui foundation of these colonies cannot be fixed ; but at 
an early period they formed a chain of settlements from 
Treliizond to Rhodes, and by the 8th century n.c. some of 
them rivalled the splendour of Tyre and Sidon. Too 
jtialous of each otlior to condiinii, and too demoralized by 
luxury to resist, they fell an easy prey to Lydia; and when 
the Lydian kingdom ended with the captun? of Hardis by 
(5yrus, 546 b.c., they jiassed, almost without resistance, to 
Persia. Under Persian rule Asia Minor w^as divided into 
four satra])ies, but the Creek cities w'cre goviirned by 
Crei'ks, and several of the tribes in the inhinor retained 
their native princes and priest-dynasts. An attempt of 
the Creeks to regain their freedom was crushed 500 B.C., 
but later the tide turned and the cities were" combined into 
a league for defence against the Persians. The weakness 
of Persian rule w'as disclosed by the cx])edition of Cyrus 
and the Ten Thousand Creeks, 402 n.o ; and in the fol- 
lowing century Asia Minor was subdued by Alexander, 
XM B.c. 

The wars w'hich followed the death of Alexandi^r gave 
Asia Minor to Seleiicus, but none of th('. Seleucid kings 
wtirc able to establish their rule over the whole peninsula. 
RIkmUis liecaiiie a great maritime roimblic. An indeiiend- 
ent kingdom was founded at Pergamos, 285 b,c., which 
gave its name to a school of sculpture, and lasted until 
Attains 111., 133 b.c., made the Romans his heirs. Hithynia 
l)ecaine an independent monarchy, and (Cappadocia and 
Paphlagoiiia tributary provinces under native princes. In 
Southern Asia Minor the Seleucids founded Antioch, Aj>a- 
mea, Attaleia, Laodicoa, Seleuceia, and other cities as centres 
of commerce, and some of them afterwards played an im- 
portant part in the Rellenization of the country and 
in th(' Hprl^ad of Christianity. During the 3rd century, 
278-277 B c., certain Callic tribes crossed the Bosponis 
and Hellespont, and established a Celtic power in Centml 
Asia Minor. They were, confined by the victories of 
Attains I. of Pergamos, circ. 232 B.c., to a district on the 
Sangarius and llalys to "which the name Galatia was 
applied ; and after their defeat by Manlius, 189 B.c., they 
were subjected to the suzerainty of Pergamos (see Galatia). 

The defeat of Antio(*hus the Great at Magnesia, 190 
ii.o., placed Asia Minor at the mercy of Rome ; but it was 
not until 133 that the lirst Roman province, Asia, was 
formed. Errors in policy and in government facilitated 
the rise of Pontus into a formidable iiowor under Mithra- 
dates, who was finally driven out of the country by Pompey, 
and died 63 B.c. Under the settlement of Asia Minor 
by Pomiiey, ftithynia- Pontus and Cilicia became provinces, 
whilst Galatia and Cappadocia were allowed to retain 
nominal independence under native kings. A long period 
of tranquillity followed, during which the Homan dominion 
grew, and all Asia Minor w^s divided into provinces. The 
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boundaries were often changed ; and about a.d. 297, in 
Diocletian’s reorganization of the empire, the power of the 
great military commands was broken, and the provinces 
were made smaller and united in groups called dioceses. 
A great change followed the introduction of Christianity, 
which spread first along the main roads that ran north 
and west from the Cilician Gates, and especially along the 
groat trade route to Ephesus. In some districts it spread 
rapidly, in others slowly. With its advance the native 
languages and old religions gradually disappeared, and at 
last the whole country was thoroughly Hellenizod, and the 
people united by identity of language and religion. 

At the close of the 6th century Asia Minor had become 
wealthy and pro8j)erou8 ; but centuries of peace and ovor- 
contmlization had affected the morale of the people and 
weakened tho central Government. During the 7th century 
the provincial system broke down, and the country was 
divided into ih^eme^ or military districts. From 616 to 
626 Persian armies swept unimpeded over the land, 
and (yhosroes II. pitched his camp on the shore of the 
Bosporus. The victories of Heraclius forced Chosroes to 
retire ; but tlio Persians were followed by the Arabs, who, 
advancing with equal case, laid siege to Constantinojile, 
A.D. 668. It almost appeared as if Asia Minor would be 
annexed to the dominion of the Caliph. But tho tide of 
conquest was stemmed by the iconoclast emperors, and 
the Arab expeditions, excepting those of Hariin er-Rashi’d, 
781 and 806, and of el-Motasem, 838, became sim^ily pre- 
datory raids. In tho 10th century the Arabs were 
exjielled. They never held more than the districts along 
the main roads, and in the intervals of jieaoe tho country 
rapidly recovered itself. Hat a more dangerous enemy 
was soon to appear on the eastern border. 

In 1007 the Selji^k Turks ravaged Cappadocia and 
Cilicia ; in 1071 they defeated and captured tho Emi^eror 
Romanus, Diogenes ; and in 1080 they took Niciea. One 
branch of the Seljiiks founded tin? empire of Riim, with 
its capital first at Nicsea and then at Iconium. The 
empire, which at one time included nearly the whole of 
Asia Minor, with portions of Armenia and Syria, passed 
to the Mongols when they defeated the sultan of Riim 
in 1243, and the sultans became vassals of the Great Khiin. 
The Seljiik sultans were liberal jiatrons of art, literature, 
and science, and the remains of their public buildings and 
tombs are amongst the most beautiful and most interesting 
in the country. The march of the Cmsaders across Asia 
Minor left no iiormanent impression. But the suiqiort 
given by the Latin princes to the Armenians in Cilicia 
facilitated the growth of the small warlike state of Ijcsser 
Armenia, which fell in 1375 with the defeat and capture 
of Leo VI. by the Memliik sultan of Egypt. The Mongols 
were too weak to govern tho country they had conquered, 
and tho vassalage of the last sultan of Ri^m, who died in 
1307, was only nominal. On his death the governors of 
his western provinces drove out the Mongols and asserted 
their indejiondence. A contest for supremacy followed, 
which eventually ended in favour of the Osmanli Turks. 
In 1400 Sultan Bayezid 1. held all Asia Minor west of the 
Euphrates ; but in 1402 he was defeated and made prisoner 
by Tiimir, who swept through the country to the shores 
of the ASgeun. On the death of Timilr Osmanli supremacy 
was re-established after a prolonged struggle, which ended 
with the annexation by Muhammad II. (1451-81) of Kara- 
mania and Trebizond, and the abandonment of the last of 
tho Italian trading settlements which had studded the 
coast during tho 13th and 14th centuries. The later 
history of Asia Minor is that of tho Turkish empire. 
The most important event was the advance (1832-33) of 
an Egyptian army, under Ibrahim Pasha, through the 
Cilician Oates to Konia and Kutaya. 
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The defeat of the Emperor Komanus (1071) initiated a 
change in the condition of Asia Minor which was to be 
complete and lasting. A long succession of nomad Turkish 
tribes, pressing forward from Central Asia, wandered over 
the rich country in search of fresh pastures for their flocks 
and herds. They did not plunder or ill-treat the people, 
but they cared nothing for town life or for agricultural 
pursuits, and as they passed onward they left the country 
bare. Large districts passed out of cultivation and were 
abandoned to the nomads. The peasants either Iwcame 
nomads themselves or took refuge in the towns or the 
mountains. The Mongols, as they advanced, sac'ked towns 
and laid waste the agricultural lauds. Timur conducted his 
campaigns with a ruthless disregard of life and property. 
Entire Christian communities were massacred, flourishing 
towns wore completely destroyed, and all Asia Minor was 
luvagfld. From these disasters the country never re- 
covered, and the last traces of Western civilization dis- 
appeared with the enforced use of the Turkish language 
and the wholesale conversions to Ishlm under the Osinauli 
sultans. The largo increase of the Greek population in 
the western districts, the construction of railways, and the 
growing interests of Germany and Ilussia, seem, howevej*, 
t<> indicate that the tide is again turning in favour of th(J 
West. 

Foptilafion , — None of the conquering races that invaded 
Asia Minor, whether from the east or from the west, wholly 
expelled or exterminated the race in possession. The 
vanquished retired to the hills or absorbed the victors. 
In the course of ages race distinction has Ixjen almost 
obliterated by fusion of blood; by the coiiqilete Helleni- 
zation of the country, which followed the introduction of 
CJhristianity ; by the later accepbince of IsUm ; and by 
migrations due to the occupation of cultivated lands by the 
nomads. It will be convenient here to adopt the mcKlom 
division into Moslems, Christians, and Jews : — (a) Modems. 
The Turks never established themselves in such numbers 
as to form the predominant element in the population. 
Where the land was unsuitable for nomad occiqiation the 
agricultural population remained, and it still retains some of 
its original characteristics. Thus in Cappadocia the facial 
type of the non-Aryan race is common, and in Galatia 
there are traces of Gallic blood. The Zeibeks of the west 
and south-west are apparently representatives of the Carians 
and Lycians ; and the jieasants of the Black Sea coast range, 
of the people of Bithynia, I’aphlagonia, and Pontus. Wher- 
ever the jieople accepted IsUm they called themselves Turks, 
and a majority of the so-called “ Turks ” belong by bl^ 
to the races that occupied Asia Minor before the Selji'ik 
invasion. Turkish and Zaza-speaking Kiirds (see Kurdi- 
stan) are found in the Angora and Sivas vildyets. There 
are many large colonies of Circassians and smaller ones 
of Noghai Tatars, Gkjorgians, Lazis, Cossacks, Albanians, 
and Pomaks. East of Boghaz Keui there is a comim(;t 
population of Kizilbash, who are partly descendants of 
Shl& Turks transplanted from Persia and partly of the 
indigenous race. In the Cilician Plain there are largo 
settlements of Ansarieh who have migrated from the 
Syrian mountains (see Syria), The nomads and semi- 
nomads are, for the most part, representatives of the 
Turks, Mongols, and Tatars who poured into the country 
during the 350 years that followed the defeat of llomanus, 
Turkomans are found in the Angora and Adana vilAyets ; 
Avshars, a tribe of Turkish origin in the valleys of Anti- 
Taurus ; and Tatars in the Angora and Briisa vildyets ; 
Yuruks are most numerous in the Konia vildyet. They 
speak Turkish and profess to be Moslems, but have no 
mosques or imdms. The Chepmi and Takhtaji, who live 
chiefly in the Aidin vildyet, appear to bo derived from one 
of the early races, (i) ChTistiaws, The Greeks are in 


places the descendants of colonists from Greece ; but most 
of them belong by blood to the indigenous races. These 
people liocame “ Greeks ” as lieing subjects of the Bywin- 
tine empire and memlKus of the Eastern Church ; and at 
the present day every Turkish subject who belongs to the 
Orthodox Church is officially a “ Greek.” On the west 
coast, in Ca]>padocia, in Pontus, and in the mining villag(‘s, 
the language is Bomaic ; on the south coast and in many 
inland villages it is either Turkish, which is WTitten in 
Greek characters, or a Greco-Turkish jargon. Jn and 
near Hinyrna there are large colonies of Hellenes. 
Armenians are most numerems in the eastern districts, 
where they have been settled since the great migration 
that preceded and followed the Seljiik invasion. In Central 
and Western Asia Minor they are the descendants of 
colonists from Persia and Armenia (see Akmenia). (r) 
The Jews live chiefly on the Bosporus ; and in Smyrna, 
Briisa, and other western towns. (Jypsies - some Moslem, 
some Christian — are also numerous. 

In the absence of trustworthy statistics, only the follow'- 
ing rough estimate can be given • --Moslems, G,S00,()(^O , 
Armenians, 560,000; Greeks, 780,000; other Christians, 
45,000; Jews, gypsies, foicignors, itc., 150,000; total, 
8,335,000. This does not incliule the population of 
the islands — Moslems, 27,500; Greeks, .342,000; otht^r 
Christians, 3000; Jcjws and foreigners, 20f‘0, total, 
374,500. 

Administration , — The modern division of the country 
and the present system of administration an* treated 
elsewhere (see Turkey). The modern towuis rarely occujiy 
the sites of the ancient cities, a jxunt wtdl bi-ought out liy 
Bamsajr (Hist, Geoy. pp. 82-88). All Turkish subjects 
wlio are not Moslems must belong to ont‘ of the recognized 
millets or religious communities Armenian, Greek, 
Jewish, Latin, Protestant, 4kc. The most striking 
educational feature is the great influence for good 
cvercised by the schools and colleges of the Ameruyin 
Bcjard of Missions. The Greeks and Armenians have 
good schools for both sexes. 

The principal manufociures are* — (’arpets, rugs, cotton, 
mohair and silk stufls, soap, wine, and leather. The 
€jrp(yrts are: — Cereals, cotton, cotton seed, dried fruits, 
drugs, fruit, gall nuts, gum tragacanth, liquorice root, maize, 
nuts, olive oil, opium, rice, sesame, sponges, storax, timber, 
tobacco, valonea, walnut w^ood, wine, yellow l>erries, cariiets, 
cotton yarn, cocoons, hides, leather, mohair, silk, silk 
stuffs, rugs, wax, wool, leeches, live stock, minerals, tVc. 
i The imp&rts are ; — Coffee, cotton cloths, cotton goods, 
crockery, dry saltoruss, fezzes, glass-ware, halwrdashery, 
hardware, henna, iron-ware, jute, linen goods, manu- 
factured goods, matches, jietroleum, salt, sugar, woollen 
goods, yarns, Jtc. 

Comniuniciitii/ns . — There are few metalled roads, but 
on the })latoau lij^ht carts can i>as8 nearly everywhere. 
The lines of railway now o[)en are : — (1) From Haidar 
Fhsha to Ismid, Eski-shehr, and Angora, to bo extended 
to Kir-shehr and Kaisarich. (2) From MudAnia to 
llrhsa. (3) From Eski-shehr to Afiun Kara-hissar and 
Konia. (4) From Kuiyrna to Mauisa, Ala-shehr and 
Afidn Kara-hissar, with a Iminch hne from Manisa to 
tSoma. These lines are worked by the German Ge*eff- 
sc/ta/K der Amtolimchen Eitenhahn. (5) From Smyrna to 
Aidin and Dmeir, constructed and worked by an English 
company. (3) Mersma to Tarsus and Adana. The 
German com])any has jicwer to extend its system to 
Baghdad, but the route by which the line ■•rill cross the 
Taurus has not yet lieon decided. There are thus two com- 
iieting routes— one running inland from Constantinojilo 
(Haidar Pasha), the other from Smyrna. The first is 
p n i ntiwilly connected with the European railway system ; 
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the second, with the great sea routes from Smyrna to Trieste, 
Marseilles, and Liverpool. The right to construct all 
railways in Armenia and north-eastern Asia Minor has 
been conceded to Russia. 

AuTHOiiiTiEs. — Siiioo 1870 Asia Minor has boon visited by many 
travellers, who have brought back valuable iiiforniatiou ; excava- 
tions have been carried out at a few jilaces ; and sfiocial qiieHtious 
have been Hiiidied on the sitot by qualified explorers. Valuable 
iiapors have boon publishod by Anderson, Bonndorf, Bent, Crowfoot, 
Foiicart, Itojidlani, Ilicks, Hogarth, Myres, Ramsay, Schuchhardt, 
Snutli, VViKon, &c., in the ProceedinyB Jl. (hiwj, Society, JourL 
llclhnic iSocidy, m Mahi*kuo’8 Heeueilf vols. xiv. xv. &(5., the 
American Journ of ArdiO’Ailotjyf Journal of Philoloyy^ Mitt des 
kais. d, arch. Imt. Allt-on, Bull, de Corr. JlelUnique, 

IP tenet JWfrtfchlhftcr, Ac, Fuller works are; — Chantuk, E. 
Jlrdt^rches ardUolotjiqucs^ MUmm en Cajjpadocie, I’aris, 1898, — 
Ci.AiiKK, .1, T. “Investigations at Assos'* in Jour, of Arclui I, 
Jwt. of America. Hoslon, 1882.— CuiNKT. La Turquic d'Ame. 
Pans, 1890 .— Damh, E. J. Anaiolica. Lond., 1874 — L'ifc %n 
Auatic Turkey. Loud., 1879 .— Hirsciifki.d. “Voilauliger 
lleis«l>ericlit ” in Berlin. Monatahericht, 1879. — IIoGAnTii, D. G. 
It'aiiAcnuy Scholar tn the Levant, Lond., 1896 . — Humakn and 
Piu'iiKTKiN. ItcAsen in Kleinmien u, Nordsnjrien. Berlin. — 
lliJMANN, K. Altertunuir v, UierapoliB, Bcrl., Alter, v. 

Peryamoii in pubs. III. Mus., Berl., 1895 . — Lanckoiionhki, C. 
Stadte Pamphyliem u. IHaidiens, A'lenna, 1890. — Muhiiav. 
Handbook for Travellcra in Asia Minor ^ Ac. Lond., 189.5.- 
JMaumank. Voin Ooldenrn Horn zu den Quelkn dea Enphrat, 
Munudi, 1898. — Peurot and Guillaume. Expln, Archl. de la 
(Jalatie, Pur., 1862-72. — I*KRUOT and Oiiipiez. Ilkt of Art tn 
Phrygia^ Ac. J.ion<l., 1892 . — Ramsay, W. M. Historical Geography 
of Asia Minor t in sup. papers, R. G. S., vol. iv Church in the 
Roman Empire. Loud , 1893. — Cities and Bishoprics of Phnjyia. 
Oxford, 189.5. — REin.us, E. Nouvclle OcoyraphiCy vol ix. Paris, 
1884.— SrERKKiT. EpujraphieaX Journey in Asia Minor; Wolfe 
Ecpedition to Asta Mitwr, Boston, Mass., 1888 , — Tomasoiikk. 
“Zur historischcu Topograpliie v. Klciiiaaicn in Miittdaltcr,” 
Mi SUzunysher, d Akad. d. Wissensch in // i/'w, 1891.“-TozEU. 
Turkish Armenia and Eastern Asia Mnwr, Lond., 1881.— Von 
DiKsr und Anton. “ None Forscliungeu in nordlichcn Klem- 
asieti,'* in Verydnzunyshefty 116 , Pet. Mit. Cothii, 1896 . — Jenhrn. 
HiUitrrnnd Annenier. Strasbourg, 1898 . — VonLuschan. Beisen 
insudwest, Kleinasien, 1888.— Maspero. JlisUancienne. 8 vols. 
— Karl Pi, hoy. Notes from a JJianj in Asiatic Turkey, 1898; 
Highland'* of Asiatic Turkey. 1901. 

Maps. — Kikpkut. Nouvclle e<{ite yiii^rale des proviiues 
asiatiqufs de VKmpne Ottoman. Berlin, 1894, — Specialkarte v. 
West- Kleinasien, 1890. (c w, W.) 

Ask0.ba.d| or Askhabad, a town of Russiaii Central 
Asia, wipital of the Transiyispiau provill^^, .'145 miles by rail 
S.K. of Krasnovoclsk and G02 from Samarcand, situated 
in a sniall oasis of the same name at the foot of the 
Ko]»et(lagh range. In 1881 it consisted of merely 500 
tents, blit it has increased rapidly since it Iweunie the 
cliief town of the ])ro^dnce. It has three Russian 
clmrehes, one AniKmiaii church, three mo.s(pies, a public 
library, a iirogyinnasium for boys and another for girls, 
a technical railway school, and several charitable insti- 
tutions, It lias also a daily newspaper, and strikes the 
traveller by its relatively good hotels and sho])S. There 
are several cotton-cleaning works, as also tanneries, brick- 
works, and “ mineral waters ” factory. The trade with 
Persia, Merv, and Khiva is valued at £250,000 a year. 
The jiopulation, 4000 in 1889, was 19,428 in 1897. 

Asmaira. See Eritrea. 

AsnisrOSy a town of Franco, dcimrtment of Seine, 
arroudissoinent of St lien is, 4 miles S.W. of that town, on 
the railway to Havre and the river Seine. The town, 
which has grown ra))idly in recent years, is a favourite 
boating-centre for the Parisians. The industries include 
the manufacture of bicycles, jiianos, trellis-work, per- 
fumery, and boat-building. Population (1881), 10,666; 
(1896), 23,931, (comm.) 23,931 ; (1901), 30,881. 

Aspenp a city of Colorado, U.S.A., and capital of 


Pitkin county, situated in the western, mountainous 
}K)rtion of the state, in 39* 12' N. lat. and 106* 49' W. 
long., in the valley of Roaring Fork, a branch of the 
Grand river. The site of the city is level and its plan 
is regular. It has two railways, the Denver and Rio 
Grande and the Colorado Midland. The altitude is 7853 
feet. The surrounding country contains many mines, 
principally of silver, but owing to the depression in the 
price of this metal, the prosiierity of the district has been 
seriously affected. Population (1890), 5108; (1900), 
3303. 

Aspinwall. See Colon. 

Assaba See Eritrea. 

AMaiVli a province of British India, under the 
administration of a chief commissioner, situated on 
the extreme north-east frontier, being almost surrounded 
on two sides by semi-independent tribes. The adminis- 
trative headquarters are at the station of Shillong, in 
the Khasi Hills. Assam is naturally divided into three 
distinct tracts : first, the valley of the Brahmaputra, from 
whore that river forces its way through the Himalayan 
range to where it debouches on the plain of Northern 
Bengal. To this tract alone is the name of Assam strictly 
ap]>licable, being derived from the Ahom dynasty whieh 
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formerly ruled here, and here alone is the Assamese 
language spoken. The second tract is the valley of the 
Hurma or Barak, which is really an extension of the 
Bengal delta, enclosed by hills on three sides. Between 
these two valleys lies the third tract, consisting of a series 
of hill ranges, inhabited by a number of different tribes, 
entirely unconnected with either the Assamese or the 
Bengalis. There is still a border lino along the north and 
the east, beyond which only vague political influence is 
exercised. The Southern Lusliai Hills were added to the 
province in 1898. The numerous democratic chiefs of the 
Khasi Hills enjoy a certain measure of indefiendcnce. 
The native state of Manipur, on the eastern border, is 
subordinate to Assam. Frontier troubles occasionally 
arise with the Akas, Daflas, Abors, and Mishmis along the 
northern border, arising out of raids into British territory. 
A military expedition had to be sent against the Mishmis 
in the winter of 1899-1900. 

Population . — The following table gives the area and population 
of the several districts of Assam, according to the census of 
1891 
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Divisions. 

Districts. 

Area 

In Square 
MiT«M. 

Number of 
Towns and 
VUlOgOH. 

Population, CoriBua of 1891. 

Density of 
Population to 
8«iiiaru Mils 

Males. 

Females. 

Total. 

Surma Valley . 

Cachar Plains . 

2,472 

639 

194,873 

178,169 

867,542 

149 


Bylhot .... 

5,414 

6,520 

1,100,988 

1,0.53,655 

2,154,593 

398 



7,886 

7,159 

1, 295,311 

1,226,824 

2,,522,135 

319 

Brahmaputra Valley 

Goalpara .... 

3,954 

1,100 

236,629 

215,675 

452,304 

lit 


Kamrup . 

3,660 

1,567 

321,029 

313,220 

634,249 

173 


Darraug .... 

8,418 

1,117 

161, nn 

146,380 

307,761 

90 


Nowgong .... 

3,258 

910 

177,791 

166,350 

344,141 

106 


Sibsaf^ar . 

2,855 

1,809 

240,99:> 

210,279 

157,274 

160 


Lakhimpur 

3,724 

783 

136,401 

117,649 

251,053 

68 



20,869 

6,786 

1,274,229 

1,176,553 

2,449,782 

117 

Hill Districts . 

North Cachar . 

1,728 

210 ' 

9,306 

9,635 ‘ 

1 18,911 

10 


Garo Hills 

3,270 

1,006 ! 

! 61,313 

60,357 1 

1 121,670 

37 


Khasi and Jaintia Hills 

6,011 

1,330 

94,606 

103,298 

; 197,901 i 

33 


Naga Hills 

6,710 

641 

62,199 

60,668 

122,867 1 

21 


North Lushai (civil ami 


( i 

2,044 


2,044 i 

1 ! 


military) 

y 3,500 

J 

1 




f 


North Lushai (estimated) 

j 

[ 25 

20,667 

20.92 { 

41,590 1 

j 


1 

j 

20,219 

3,215 

250,135 

254,881 

505,016 1 

25 

Grand total 



49,004 

17,160 

2,819,675 

2,657,258 

5,476,933 1 

1 

112 


Since 1881 the population increased by 11 per cent., which 
cannot be considered a high rate when wo take into consideration 
tlio largo amount of waste laml and also the continuous immigra* 
tioii ol tea coolies. Classifiod accordin|; to religion, Himlus 
numbered 2,997,072, or 64*7 per cent, of tlici total population ; 
Mahomrnedans iiumborod 1,483,974, or 27 per cent. ; Cliristians 
numbered 16,844, or *31 per cent. ; aboriginal tribes numbered 
969,765, or 17*7 percent. ; Buddhists numbered 9065, or *16 per 
cent. ; and “others,” 122. The Mahommodans are mostly found 
in the two old Bengal districts of Bylhot and (loaljiara ; tho 
Christians in the Khasi and Jaintia Hills, where tho Welsh 
Cal viuistic Mission has been most successful. Europeans numbered 
1687 and Eurasians 392, leaving 14,765 for native convorts. 

The provisional figures for the census of 1901 returned the total 
population of Assam as 6,122,201, including 283,957 for Manipur 
and 82,344 for the Lushai Hills, neither of which was comprised 
in tho census of 1891. pcductiiig this additional area, the rate 
of increase for the province is 6 per cent., com|)ared with 11 per 
cent, for the previous decennial period. The inerea.se is confined 
to tho tea districts. Tho lower districts of the Brahmaputra 
^ alley, which have suffered severely from a fatal form of fever, 
show a heavy decrease. 

Agriculture . — The greater part of tho two districts of Bylhot 
and Goal para were pennanontly settled, with tho rest of Bengal, 
The Brahmaputra valley has a tem])orary settlement of its own 
known as vmuzawam, the average incidence of assessment being 
about Rs.2:8:0 per acre. Agricultural statistics are confined to 
tho temporarily settled tract. In 1897-98, out of a total culti- 
vated area of 2,472,734 acres, no less than 1,614,292 acres 
wore under rice, which is everywhere tho staple crop, 310,826 
acres under tea, and 169,223 acres under mustard. Jute is 
grown to some extent in Svlhet and Goalpara. The Brahma- 
putra valley does int produce sufficient nee for its own con- 
sumption, large quantities being imiiorted to fend tho tea 
coolies. 

Tea Plantations . — Tea is tho staple indust^ of Assam, in both 
the Brahmajiutra and tho Burma valleys. The following table 
shows the progress of tho industry at various years between 1883 
and 1897 

Statistics. 



Area under 

Anui under 

Area of Tea 
Gardens. 

Number of 

Number of 

Year. 

Mature 

liimmtiire 

Adult 

J^alKinrers 


Flail ts. 

Plants. 

Labourers. 

l>cr 100 Acre^. 


Acres. 

Acres. 

.Veres, 



1883 

161,707 

27,746 

923,664 

153,739 

81 

1890 

200,658 

30,880 

994,497 

250,113 

108 

1895 

234,909 

41,105 

995,787 

334,298 

121 

1896 

247,655 

44,254 

47,337 

968,895 

366,460 

125 

1897 

263,313 

1,014,017 

402,205 

129 


The following table gives the statistics of the tea industry, 
according to mstricts, for 1897, which was not a very prosperous 
year ; — 




Total Area 
of Gaiduiih. 

Area uiidei 


Out- 

District. 

nf Ti*a 
GunlriiK 

Mature aiitl 
Imnmtiire 

Total Yield 

turn 

fM*r 




riaiilh 


Ai rv 



Afres 

Aoreh 

lt» 

n> 

Cachar 

191 

282,583 

61,190 

22,031,593 

406 

Svlhet 

137 

150,614 

70,200 

26,153,168 

474 

Khasi Hills . 

1 

100 

30 

4,000 

133 

(foal[>ara 

3 

852 

410 

140,798 

371 

Kamrup 

31 

18,785 

5,873 

753,228 

132 

Darraug 

89 

108,067 

33,984 

11,1.54,360 

407 

Nowgoug . 

50 

49,884 

12,659 

4,019,795 

3f)5 

Sibsagar 

171 

2.31,475 

70,644 

21,021,291 

391 

Ijakliimpui . 

119 

171,657 

55,560 

18,9X8,096 

399 

Total . 

822 

1,014,017 1 

310,550 

|l07,266,.3.!2 

408 


In 1897 the average price per lt> was R 0 .5 • 1 1 (say 6d ) in tho 
Suniia valley, and K.0;7 :8 (say 7^d.) in tiic Brahmaputra valley. 
The labour retjuircd on the tea gardens ih almost entirely 
ini][iorted, as tho natives of the proMnee are too jirospcrnns to 
do such wuik The importation of coolies i.s controlled by an 
elaborate systoiii of legislation, w'hich jirovides for the registration 
of contracts, the medical insi)e(‘tion of coolies during the journey, 
and supervision over rates of jiay, &c., on the gardens. A revised 
Immigration Act for Assam was ])assed by the Viceioy's council 
in March 1901, In 1897 the mean annual strength of the labour 
force was 630,107, of whom 227,902 were children. The total 
number of adults at tho end of the year was 899,975, of whom 
195,267 were w'omon. In 1897 the total immigration was 95,931, 
com [Wired with 81,115 in tho preceding year, and with 36,080 in 
1890. This largo iin lease is ascribed mainly to tho famino in tho 
loermtiiig trac-ts, but jiartly to the demand for additional labour 
on the tea gardeiiH The mortality among tho coolies during 
the journey was high, owing to an outbreak of eholora ; and the 
death-rate on the gardens was also high — 41*4 per thousand, 
conijiarod with 32 in the preceding year, 

^finerah. - Tho mineral products of Assam include coal, 
potrolcnm, and limestone. The most valuable coal-niiiics are at 
tho head of the Brahmaputra v.illoy, in tho neighbourhood of 
Makum, which is connected by railway wdth Dibrugarh on tho 
river. The coal is tho best found in India ; it is largely used lor 
local purposes, and is also exported to Bengal. In 1897 the out- 
put w^as 197,499 tons, yielding to tho Govoriiinent a revenue of 
Rs.33,066. In the same neighbourhood are oil-fiehls, yielding 
kerosene and paraffin. In 1897 tho output was.222,077 gallons. 
Coal is also found in the Naga and tho Khasi Hills. The lime- 
stone of the Khasi Hills is largely ox]iortod Ao Bengal. In 
1896-97 the total ouL-tiiru W'as 1,630,000 niaiinds, yielding to 
tho Government a revenue of Hs. 18,000. 

Jiailways . — Assam is .still unconnected with the general railway 
system of India, and the Brahmaputra valley entirely dtpeiufs 
upon commiinTcations by steamer. Tho Assaiii-Beiigal raihvay 
is intended to run from tho soajiort of Chittagong to the Burma 
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valley, and thence acrose the hills to Dibrugarh, at the head of 
the Tkahmaputra valley, with a branch to Gauhati lower down 
the Brahmaputra. The hill soction of this line has been found 
exceedingly diflicult of construction, and extensive damage was 
done by the earthquake of 1897. This railway is linanred by the 
Govoniinont, though worked by a company, and therefore ranks 
us a state line. Up to the end of 1898 the total length ojion lor 
traffic MSS 879 miles ; tlio gross earnings in that year were 
Ex. 180,812, and the working expenses Ex. 125,857. There are 
several short hiics of light railway, or tramway, in the province. 
The most iin]>urtant is the Dibru-Sadiya railway, at the head of 
tile Brahijiaputia valley, with a bramb to the coal-fields. Its 
length is 78 miles ; in 1898 its gross earnings amounted to 
Kx.78,141, and the working expenses were Ex.49,894. 

YVw/r.— The external trade of Assam is conducted partly by 
htoainer, [>artly by native boat, and to a small extent by rail. In 
the Brahmaputra valley steamers carry as much as 86 per cent, of 
tlic exports, and 94 per cent, of the imports. In the Sunna valley 
native bouts carry anout 48 per cent, of both, lu 1897-98 (whieii 
was a bad year, owing to tbo earthquake and a poor tea croj>) 
the total exports were valued at Es. 5, 33, 00, 000, of whieh 
its.3,18,00,000 (‘amo from the Brahmaputra and Ks. 2, 20, 00, 000 
from the Surma valley. TJio chief items i^ore tea (Eb. 3,52,76,000), 
j 1 C e in the husk, oil-seeds, tea-seed, timber, coal, and jute. The im- 
ports (excduding treasure) were valued at Es. 4, 04, 00, 000, of which 
ks 2, 1 4,00,000 went to the Brahmaputra and Es. 1 ,90,00,000 to the 
Surma valley. The chief items wore cotton piece-goods, rice not 
HI tlie husk, sugar, grain and pulse, salt, iron and stool, tobacco, 
j-otton l\N 1 st and yarn, and brass and copper. No less than three- 
fourths of the total trade is conducted with Calcutta. The lians- 
frontier trade is insignificant ; and most of it is conducted with 
the Bengal state of Hill Tipperah. In 1897-98 the toUl imiiorts 
were valued at Hs.6,70,600, and the exports ut Ks.3,08,23G. 

Uovfrniiuni, — The administrative staff for the jirovince of 
Assam consists of a oliiof commissioner, ajqiointed by the 
governor-general, who is assisted by a socrotaiy, an assistant- 
secretary, and a personal ns.slstant ; a district and sessions judge 
for Sylhet, W'ho is also aossious .pidgu for Cachar ; a judge and 
commissioner for the Brahmaputra valley ; a eoiist‘rvator of 
forests ; a principal medical ofliccr, who is also sanitary (>ommis- 
sioner; a director of public instruction; a directoi -general of 
])ohee and jails, who is also inspector-general of registration, 
I'omtnissioner of oxei.se, and suponiitondeiit of stamjis ; a director 
of land rccoisls and agriculture, with an aSsistanf , and thirteen 
deputy commissioners The total number of eivil and revenue 
courts IS 68, and of eiiminal (ourts 102. The total strength of 
the police force consisted in 1897 of 2838 militaiy police, 2258 
civil police, and 6998 rural iMiliije. The pro]>ortion of civil iiolico 
was one man to 19 sijuare miles of area and to 2356 of jiopnhition. 
The daily average number of piisonors in jail during 1897 was 
1499. The total number of municijialitics is 14, only on<* of 
which (Sylhet) has a population exceeding 10,000. In 1897-98 
the aggregate mumciiial income w^as Ks.2,51,819, of which 
Ks.90,180 was derived from rales and tax<*B, and Ks.88,844 from 
Government contributions. There are 19 local boards, with an 
aggregate ini*onie of Es 12,28,181, of whicli Es.6,46,000 w’as 
derived from rates. Of the expenditure, 61 i«t cent, was devoted 
to public w'orks, 18 per cent, to education, and 8 ])or cent, to 
meaical. In 1897 the military foi*ce in Assam consisted of throe 
liatlalioijs of Gurkhas, one of which was stationed in Manijmr, 
aiifl one regiment of Bengal infantry. In addition, there arc 
three volunteer corps : the Shillong Eifles (60 strong), the Assam 
Valley Light Horse (873 strong), and the Surma Valley Light 
Horse (350 strong). 

Tlie not revenue and expenditure of Assam for 1897-98 in tens 
of rupees (Kx.), distributed under the three heads of miperial, 
provincial, an<l local, was as follow's — net revenue: iui]>erial, 
k\.416,626 ; provincial, Ex.660,100 ; local, Ex. 63, 953 ; total, 
K\. 1,140,679. Net expenditure: imperial, Ex. 62,517 ; provin- 
cial, R\.631,468; local, Kx.92,68fi; total. Ex. 786,570. Surplus: 
imperial, Ex.35 1,109; provincial, Ex.28,632; local, Ex. -28,632; 
total, Ex. 354, 109. During the previous ten years, the gross land 
revenue increased from Ex. 429, 939 to Ex. 596, 123, excise from 
Ex.210,297 to Ex.276,791, and stamps from Ex.78,683 to 
R.k.87,051. 

likl'iieation , — The following table gives the chief statistics of 
education in Assam lor the three quinquennial years, 1886-87, 
1891-92, and 1896-97. I’ho figures show steady progress, the 
late of increase being cuiisidorably higher than for India gener- 
ally. If we com*parc the number of pupils with the estimated 
)>opulation of sciiool-goiug age (15 per cent, of the total popula- 
tion), the increase has been from 9*5 to 12*7 Jier cent. Turing 
girls alone, the number at school increased from 5136 in 1891-92 
to 8276 in 1896-97, or by no less than 61 per cent. ; while the 
projiortion to the female population of school-going ago rose 
from 1*3 to 2’1 per cent. This improvement is mainly duo to 
the Welsh missionaries in the Khasi Hills. 
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EarOiquakes . — Assam is liable to earthquakes. By far the 
severest shock known is that which occurr^ on the evening of 
12th June 1897. The area of this seismic disturbance extended 
over North-Eastern India, from Maniinir to Sikkim ; but the 
fiMuis was undoubtedly in the Khasi and Garo Hills, lu the 
station of Shillong every masonry building was levelled to the 
ground. Throughout the country bridges were shattered, roads 
were broken up like {doughed fields, and the beds of rivers wcio 
disbx'atcd. In the hills there were terrible landslijis, which 
wrecked the little Cherrapunji railway and caused 600 dcatlis. 
The total mortality recorded was 1642, including two Europeans 
at Shillong. The damage done to puldic pro]>erty is estimated 
at Ks. 50,00,000. On the Assam-Bengal railway alone the cost 
of roxiairs was Es.13,84,000. (j. k. Co) 

ASSftylnS^. — In its restricted sense the term assaying 
is applied to the determination of the amount of gold or 
silver in ores or alloys ; but in this article it will be used 
in its wider signification, and will include a description of 
the methods for the (quantitative determination of those 
elements in ores which aflect their value in metallurgical 
ojierations. It w'ould lie impossible to give in detail here 
all the jirceautions necessary for the successful use of tlu» 
methods, and the descriptions will therefore be contiiied 
to the prinijiples involved and the general manner in 
which tliey are applied to secure* the desired results. 

Gold and *S77t*cr.— Ores containing gold or silver arc almost in- 
variably assayed in the dry W’ay ; that is, by fusion with aiquopriato 
fluxes and ultimate BC])aiatioii of the olcmcnts in the metallic form. 
One of the customs whndi lias giowii out of our peculiar system of 
weights is the form of statcincnt of flie results of such an assay. In- 
stead of expressing the amounts of gold and silver in i)creentagcB of 
the weight of oio, they arc exjircssed in ounces to the ton, the 
ounce being the Troy ounce and the ton that ol 2000 avoirdii])r)is 
))oiinds. To simplify calculation and to enable tlie assaycr to use 
the metnc system of weights employed in all cbeniical calculations, 
the ‘'assay ton" (“ A.T." = 29*166 graminos) has been devhed, 
which beai-s the same relation to tlic ton of 2000 Ib avoiidupois that 
one milligram does to the Troy ounce; wlien one assay ton of 
ore IS used, each milligram of g<)ld or silver found represents one 
ounce to the ton. 

The assay of an ore for gold or silver consists of two operations. 
In tlic filet the gold or silver is made to combine or alloy with 
metallic lead, the other constituents of the ore being separated 
fiom the lead as slag. In the second, the lead button containing 
the gold or silver is cu])ollcd and the resulting gold or silver button 
is weighed. The seisond ojieration has been fully descrilied in 
the ninth edition of this work (vol. ii. p. 726) and need not Ikj 
further considered. The first is conducted in one of two ways, 
known rospcctively as the (jruciblc method and the sisorifieation 
method. The crucible method is generally used for ores containing 
gold in small amounts and fur cerbiin classes of silver ores. Tlu* 
amount of ore taken for assay is generally one-half “ A.T.,” hut in 
veiy low grade ores one, two, and sometimes even four “A.T.s" 
are used. In the scoritication method oiio-toiith of an “ A.T." is the 
amount commonly taken. While in botli mefhods the same result 
18 sought, the moans employed are quite different. In the scoiili- 
cation method the ore is mixed in the sconfior (a shallow dish of 
burned clay) with from ten to twenty times its weight of granulated 
metallic lead (tost load) and a little borax glass, and heated in a 
muffle, the front of which is at first glosed. 'VVMien the lead melts 
and liegius to oxidise, the lead oxide or litharge, as it is called, 
combines or dissolves the non -metallic and readily oxidixable con- 
stituents of tlie 01 * 0 , while the gold and silver alloy with tlie lead. 
As tlie slag thus formed flows off to the sides of the scorifler, the 
assay clears and the melted metallic lead forms an “eye" in the 
middle. The door of the muffle is then oiiened and the current of 
air which is drawn over the scorifler rapidly oxidizes the lead, while 
the melted litharge gradually closes over the metal. When the 
“ eye " has quite (lisapqicarcd the door is closed and the teniqieraturo 
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raised to make the slag very liquid. The scorifior is taken from tlie 
muffle in a pair of tongs and the contents ^tourod into a mould, the 
lead forming a button in the bottom while the sing floats on top. 
When cold, the contents of the mould are taken out and the lead 
button hammered into the form of n cube, the slog, which is glassy 
and brittle, separating readily from the metal, which is then ready 
for cupollation. In the cmciblo method the ore is mixed with from 
once to twice its weight of flux, which varies in comjioaition, but of 
which the following may be taken as a type : — 


Sodium bicarbonate ... S imrts. 

Potassium carbonate . . :t ,, 

Powdered borax . 1 ,, 

Flour. . . 1 .. 

Litharge . . . . I* 


The mixture is char^ into a round clay crucible from 100 mm. to 
125 mm. high, and heated either in a muffle or m a crucible furnace 
at a gradually increasing heat for forty or fifty minutes. At the 
ux}>iratioii of this time, when the charge slioultl l>o jierA^ctly liquid 
and in a tranquil state of fusion, the crucible is removi>d from the 
furnace and the contents are poured into a mould. The resulting 
lead button hammered into sliapc and carefully cleansed from slag is 
ready for the cupel. If the button is too large for ciqiellation, or 
if it is hard, it may bo scorified either alone or mixed with test 
lead lioforo cuiiellation. The character and anuuitii of the flux 
necessarily do|ind ninm the character of the oie, tlio object being 
to concentrate in the lead buthm all tlio gold and silver while dis- 
solving and carrying off in the slag the othcT constituents of the ore. 
Under the most favourable conditions tli(*r(j is a slight loss of gold 
and silver in the fusion, the sconfication, and the ciqK'llatioii, both 
by absorption in the slag and by iMjtual volatilization and absoiqi- 
tion in the cupel. In ores coiitaiinug much copper, this metal is 
largely concent) ated in the h'ud button, making it hard and neceasi- 
tatiiig repeated hcorifications, and in some cases a pielimiuary 
removal of the copixT by solution of the oie in mine iwid. This 
leaves the gold in the insoluble lesidue, wliicli is filtcicd off, and the 
silver in the solution is tlirown donn by hulroehloric aeid. Tlie 
rc*.sultiug precipitate of silver chloride is filtered, and tlie residue 
and the jirocipitate arc scoiifiod together. Ores eontuining much 
arsenic or sulphur are generally roast(‘d at a low heat and the assay 
is made on the i oastud material. 

Lead* - The “dry" or lire assay for lead is largely used for the 
valuation of lead ores, although it is being gradually replaced 
by volumetric methods. One iwirt of the ore is mixed with from 
three to five |)arts of a flux of the following comjiosition • 

Potassium cai bon ate . 10*0 |»cr cent 

Sodium blear) MUiate . Ol'.S 

Horav . 15*6 ,, 

Flour . . 12*5 

Tlie mixture is charged into a clay ciucible and licated for twenty 
minutes at a good red lieat. When the mixture has been iii a 
tranquil state of fusion for a few niiniitos it is poiiicd into a mould. 
When cold, tlie button is hammered, cleaned carefully from slag, 
and weighed. Tlio proportion is (Mileulatcd from the amount of ore 
used, and the result is expressed in |Nirts in a bundled or percentage 
of the ore. Various impurities, such as copiier, antimony, and 
sulphur, go into tbo lead button, so that the result is generally too 
high. Tbo most accurate method fur the detenninatiou of load in 
^ ores is the gravimetric method, in which it is weighed as load 
sulphate after the various imparities have been sejiarated. Nearly 
all lead ores eontaiii more or less sulphur ; and as in the process of 
solution in nitric acid this is oxidizoa to sulphuric acid which unites 
with the lead to fomi the very insoluble lead sulphate, it is simpler 
to add suliiliiiric acid to convert all the leaf] into sulphate and then 
evaporate until the nitric acid is ex}ielled. The salts of iron, 
coiiper, Ac., are then dissolved in water and filtered from the iii- 
Holiible silica, lead sulphate, and calcium sulphate, which are washed 
with dilute sulphuric acid. The insoluble matter is treated with a 
hot solution of alkaline ammonium ae.etate, which dissolves tho 
leid sulphate, tho other materials being seiiaratcd by filtration. 
The leaci sulphate, re-precipitated in tho filtrate by an oxeess of 
siiljiburic acul and alcohol, is then filtered on an asbestos felt in a 
tlooch crucible, washed with dilute sulphuric acid and alcohol, 
ignited, and weighed. Lead sulphate contains 68*30 per cent, 
of metallic lead. 

There are several volumetric methods for assaying lead ores, but 
the best known is that based on the precipitation of lead by 
ammonium molybdate in an acetic acid solution. The lead sulphate, 
obtained tis descrilxid above and dissolved in ammonium acetate, is 
iieidulated with acetic acid diluted with hot water and heated to 
boiling-poiut. A standawlized solution of ammonium molybdate 
is then added from a carefully-calibiutod burette. As long as the 
solution contains lead, the addition of the molybdate solution 
causes a precipitation of v bite lead molybdate. An excess of tho 
precipitant is shown by a drop of the solution imparting a yellow 
coloui* to a solution of tannin, prepared by dissolving one jiart of 
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I tannin in 300 of water; drops of this solution are placed on a 

j white porcelain plate, and as the precipitant Is added to tho le^d 

I solution a drop of the latter is removed from time to time on a 
glass stirring-red and added to one of the drojia on tlie jiorcelain 
plate. Tlie apjiearaiice ol a yellow colour shows that all the lead 
has been precipitated and that tho solution contains an excess of 
molybdate. From the nuiding of tho burette the lead is calculated 
Tho molybdate solution should be of such a strength that 1 co A\iil 
precipitate 0*01 graniiiie of lead. It is slaiidardi/ed by dissolving 
a weighed ainonnt of lead sulphate in ammonium acetate and pio 
ceeding as doscnbi'd above. 

^ -Oheinieally the oies of zinc consist of the silicates, eai- 
iKinates, oxides, aiul suljihides of zinc assoj'iated witli ollici metals, 
some of which compluiate ilie methods of assay. I'lie most modern 
and the most geueially accepted method is volumetric, and is Iwised 
on the reaction between zinc chloride and iMjtaMsnmi ieirocyaiiide, 
by whieli insohilile zinc lerroc>anide and soluble potassinm chloride 
are formed ; tho jiresence of tim slightf'st excess of jiotassium ferio- 
cyanide is shown by a biowiiisli tint lM*iiig inqiarted by tho solu- 
tion to a drop of uranium nitrate. The* ore (0*5 gramme) is digested 
with a mixture of potassium intmte and nitric acid. A saturated 
solution of potassium chlorate in stiong nitric acid is added, and 
the moss eva]»orated to diyness. It is then heated witli a mixture 
of ammonium chloride and ammonia, filtered and waslied with a 
hot dilute solution of the same luixtuie. Tho liltiate diluted to 
200 cc. is carefully neutralized with hydrochloiie aeid, an excess of 
dec. of the strong acid is added, and the solution sal uiat«*d with 
hydrogen sulphide, which preei]uta<<‘s the copper and cadiumm, 
metals which w'ould otherwise ml. ili-re. WitlKuil lilteiing, tlu* 
standard solution is added from a huiette, and fioni lime to time a 
drop of the solution is icmoved on the glass .stnnng-rfMl and added 
to a drop or two of a strong solution of uranium nitrate, picvimisly 
)}laeed on a white porcelain plate The i»i»])e-<iraiic(‘ ol a blown 
tint in one of these tests sliow's the end of tlic iea<’tioii. AVheu 
carlmium is not picsent the copper may be jireeijatated by boiling 
the aeidulateil animomatal solution with test lead and titrating, 
as liefore dcscubed, w'itliout removing the li'ad and copper Iroiii the 
solution. The leirocyamde solutionis stnurlai di/ed by dissolving 
1 giainmc of pure zinc in 6 ee. ofhvdioehloiie acid, adding ammonium 
chloride and titrating as I )el oi v. This method is modilied m praot lee 
by the character of tlie ores, carhouates and siUeates tree lioiii 
Hulphides being dei5om]»osed by Iiydioebloiic acid, with the addi 
tion of a little nitric add. 

Copj)CT, — Tho lire assay for (’oppei ores was abandoned years ago 
and tho electrolytic method toot its ]»laee ; this m turn is now 
largely replaced by volumetric metUoils 1 n t he electrolytic method 
tiom 0*5 to 5 grammes of ore are tieated in a flask or beaker, witlx 
a mixture of 10 cc. of nitric ami 10 cc, of sulj)lniric acid, until 
thoroughly decomposed. When this liquid is cold it is diluted 
W'lth cold w*ater, heated until all tho solulilo salts arc dissolved, 
transferred to a tall, narrow beaker, and diluted to about 150 cc. 
The electrodes are attached tf) a frenie coiir^eted w'ltli the batteiy 
and tlio beaker is placed on a stool, which can he laised so that the 
electrodes are immersed in the liquid and nwli the bottom of tho 
Isiakcr. Tho oloetrodes consist of two eyliiKhTs of jdatinum (placed 
one inside tho other) about 75 mm higli, tho smaller of the two 
37 mm., and the larger 50 mm, in diametei, )>oth ]»iereed with 10 
to 12 holes 5 mm. in diameter, evenly distributed over tho suiiaees 
to facilitate diffusion of the liquids I'lio surfaces of the cylinders 
are reughened with a sand blast to increase the areas and make the 
dejiosited metals adlicro mui c firmly. Kach cylinder has a ]>latinum 
wire fusezl to the iipis'r eirciimfereiice to coiino(*t with aelamiifrom 
which a wire leads to the piopor |>ole of the battery. The smaller 
cylinder is geiioially the negative electrode on which the coppc*r is 
deposited Tlie framework carrying tho chnniis is arranged so tlnit 
a immlwr of detenninatioris may bo made at one tiim*, the wires 
from the cianijw ninning fixnn a rheostat, so arranged that currents 
of any strength iiiii> be used siiTiultaiieously. The cylinder, having 
been eaiefully weighed, is jilaced in iKisitioii, the beaker containing 
tho solution is adjustcij, and the current passed until all the copper 
is jireeipitated. This generally rcsjuires from two to Iw'elvo hours. 
The cylindei-s are then removed from tho solution and washed with 
distilled water, the one holding the deposited copper being washed 
with alcohol, dried, and weighed ; the increase in weight rcjiresents 
the eopiKU* contents of the om*. Tlie deposited copper should be 
firmly adherent and bright msy red in colour. Silver, arsenic, and 
eadnimm, it present, are jnceipitated with tho cop]>cr and affect tho 
accuracy of the results ; they should bo removed by .special 
metliods. 

Volumetric methods are uioro exiieditious and require less apjMi- 
ratus. The i)otas.sinni cyanide method is ba.sed i^n tho fact that, 
win*!! iiotassiuni cyanide is added to an ammoniacal solution of a 
salt of copper, tho insolublo eopiier oyanido is foniied, the end of 
tlie reaction being indicated by tlio disaiqiearance of tbo blue ooloiir 
of the solution. One jp-ammo of tho ore is treated in a flask wltli 
a mixture of nitric and sulphuric acids and evaporated until all the 
nitric acid is exiiolled. Alter cooling a little, water is added, and 
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then a few grammes of aluminum foil free from copper. On this 
foil the copjxjr in the solution is all precipitated ny electrolytic 
action in a few minutes, and the aluminum is dissolved by the 
addition of an excess of sulphuno acid. Water is added, and as 
soon 08 the gangue and copper particles have settled the clear 
solution is decanted, and tlio residue washed several times in tho 
same way. Tho coi>]>er is tlien dissolved in 5 cc. of nitric acid ; if 
silver is prescoit a cirop or two of hvdrochloric acid is added, the 
solution diluted to about ftO cc., ana filtered. To tho filtrate (or, 
if no silver is present, to the diluted nitric acid solution) 10 cc. of 
ammonia are added, and a standard solution of potassium cyanide 
is i-un in from a burette until the blue colour has nearly disapjjoarcd. 
Tho Mohition is filtered to get rid of tho precipitate, and tiie titra- 
tion is finished in the nearly clear filtrate, which should lie always 
about 200 cc, in volume. The titration is complete when tho blue 
coloui IS so faint that it is almost imperceptible after the flask 
lias been vigorously shaken. The |)otasBiiim cyanide solution is 
staiuiairlizeu by dissolving 0*5 giunime of pure cop})er in 5 cc. of 
nitric acid, diluting, adding 10 cc. of ammonia, and titrating 
exactly as described above. 

When jiotassinm iodide is addod to a solution of cupric acetate, 
the reaction Cu(CaH 30 a) 5 j-t* 2 KI = Cul + 2K(02ll302) I 1 takes place ; 
that is, lor each molecule of copper one molecule of iodine is 
libeialed. If a solution of sodium hypoHul|)hite is added to this 
solution, hydriodic aeul and sodium totratliioiiate are formed ; and 
if a little starch solution has been addod, the end of the reaction is 
indicafed by tho disajijjoaranee of the bine colour, due to tho iodide 
of staicli. Tho amount of iodine liberated is tliercfore a mcasuie 
of the copper in tihe solution, and when the sodium hy|Mwulphile 
has been carefully standardized the method is cxtiemely accurate. 
Thu ore is treated os dcsciibod in the cyanide mutluHi until the 
copjKT preeijniatod by the aluminnin foil has lieeu washed and 
dissolved 111 r> cc. of nitric acid ; then 0*25 gramme of potassium 
eiiluiute is added, and the solution boiled nearly dry to oxidize any 
ai-semc present to ai’semc acid. Tho solution is cooled, ce. water 
added, then 5 ec. ammonia, and tho solution is boiled for live 
minutes. Next cc. of glacial acetic acid are added, the solution 
cooled, and cc. of a solution of ^xitassium iodide (300 grammes 
to tin* litre) ami tlie standard Holution of sodium hyposulphite nui 
in from a burette until tho brown colour has iieaily disap|)oare<l. 
A few drops of starch solution are then added, and when the blue 
colour has nearly vanished a drop or two of methyl oninge makes 
tho end reaction very sharp. The hy|K)s\ilphito solution is standard- 
ized by dissolving 0*8 t<i 0*5 gramme of pure eop|)er in 3 cc. of 
nitric acid, adding 50 cc. of water and 5 ce. of ammonia, and 
titrating as above after the addition of 5 cc. of glacial acetic aiad 
and 5 cc. of the jKitassium iodide solution, 

/ron. — Tho methods used in tho assay for iron are volumetne, 
and are all based on the pro})erty jiossosHud by certain reagents ol 
oxidizing iron from the ferrous to the feme statu. Two salts aro 
in common use for this purjioHe, potassium {lermangannto and 
potassium bichromate. It is necessary in tho fii-st jilaee, after the 
ore is in solution, to reduce all the iron to the ferrous condition ; 
then tho carefully standardized solution of tho oxidizing roag<*nt is 
added until all tho iron is in the ferric state, the volume of the 
standard solution used being the measure of the iron contained in 
tlio ore. Tho end of tho reactuiii when ])otas8ium ]iermaiiganate is 
employed is known by tho change in colour of the solution. As 
the solution of potassium |x)rinanganato, whicli is deep red in 
colour, is dropped into the colourless iron solution, it is quickly 
decolourized while the iron solution gradually assumes a yellowish 
tinge, tho first drop of the }iermanganate solution in excess giving 
it a pink tint. With potassium bichromate solution, which is 
yellow, tho iron solution becomes green from tho chromium chlonde 
or 8ul]>hnte formed, and tho end of tho reaction is determined by 
removing a drop of the solution on the stirring-rod and adding it to 
a drop of a dilute solution of jiotassiniu ferricyanide on a white tile. 
8o long os the solution contains a ferrous salt, the drop on the tile 
changes to blue ; hence the absence of a blue colouration indicates 
the complete oxidation of all tho ferrous salt and the end of the 
reaction. One gramme of ore is usually taken for assay and treated 
in a small flask or beaker with 10 cc. of hydrochloric acid. All 
tho iron in tho ore generally dissolves upon heating, and a white 
residue is left. Occasionally this residue contains a small amount 
of iron in a difficultly soluble form ; in that case the solution is 
slightly diluted with water and filtered into a larger flask. The 
residue iii the filter is ignited and fused with a little sodium car- 
bonate and nitrate, or with sodium peroxide. The product is 
treated with water, filtered, and tho residue dissolved in hydro- 
oliloric acid and added to tho main solution. This solution, 
which should nq|^ exceed 50 ec. or 75 ec. in volume, contains the 
iron in the ferric state and is ready for reduction. 

In the reduction by metallic zinc, about 3 grammes of granu- 
lated or foliated zinc aro placed in the flask, which is closed with a 
small fiinuol ; when the iron is n^duced, add 10 cc. of sulphuric acid, 
and as soon as all tho zinc is dissolved the solution is ready for 
titration. In the reduction by stannous chloride the solution of 
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the ore in the flask is heated to boiling, and a strong solution of 
stannous chloride is added until the solution is completely decolour- 
ized ; then 60 cc. of a solution of mercuric chloride (50 grammes to 
the litre) are ruu in and the contents of the flask poured into a 
dish containing 600 cc. of water and 60 cc. of a solution containing 
200 grammes of manganous sulphate, 1 litre of phosphoric acid ^ ‘3 
(^•)f ^00 cc, of sulphuric acid, and 1600 cc. of water. The 
solution is then ready for titration with the standard jienuanganate 
solution. 

The permanganate or bichromate solution is standardized by dis- 
solving 0*5 of a gramme of pure iron wiro in a flask in hydrochloric 
acid, oxidizing it with a little potassium chlorate, boiling off all 
traces of chlorine, deoxidizing by one of the methods oescribed 
above, and titrating with the sohitiou. As the wiro always con- 
tains impurities, tho absolute amount of iron in the wire must bo 
determined and the correction made accordingly. Pure oxalic acid 
may also be used, which, in tho presence of sulphuric acid, is 
oxidized by the standard solution according to the reaction : — 

5(H.A042HaO) + 3 H 3 SO 4 + lOCOg + 2MnS04 

-f- 1^2804 ■+• 1 8 II 2 O. 

Tho reaction in case of ferrous sulphate is : — 

10 FeSO 4 + KaMuaOii -f 8 H ^04 ~ 5Fo2(S04)3 -f- K 2 SO 4 

+ 2 MnS 04 + 8 n 20 ; 

that is, the same amount of potassium permanganate is required to 
oxidize 5 molecules of oxalic acid that is necessary to oxidize 10 mole- 
cules of iron in the form of ferrous sulphate to ferric sulphate, or 63 
|>arts by weight of oxalic acid eaual 56 parts by weight of metallic 
iron. Ammonium ferrous sulpiiate may also be used ; it contains 
one-seventh of its weight of iron. (a. A. B.) 

AssehOf a town of Belgium, in the province of 
Brabant, 8 miles N.W. by W. of Brussels, with a station 
on the line lietween Brussels and Termonde. It has 
breweries and 8oa])-works. Population (communal) (1890), 
7063; (1897), 7524. 

AsSOtlp a town in the Netherlands, capital of the 
province of Drentho, 16 miles S. of Groningen, on the Iway 
Mepijel-Groningen of the Netherlands State railways and 
two canals. Peat-cutting is a considerable industry. In 
the neighbourhood are situated tho megaliths {llunehedden) 
mentioned by Tacitus, and a large number of prehistoric 
remains have been discovered. The population in 1898 
was 10,964. 

AssinibOla* See North-West Territories. 

Assinie. See Ivory Coast. 

Assisi, a town and bishop^s see of tho province of 
Perugia, Umbria, Italy, situated on the slope of Mt. Subasio, 
15 miles E. by 8 . from Perugia by rail, still surrounded by 
mediaeval walls, and celebrated as the birthplace of Bt 
Francis, whose tomb, in the crypt (1818) of the church of 
the Franciscan monastery, attracts crowds of pilgrims 
every year. This church is a double structure, and con- 
sists of an upper church and a lower church, the latter 
begun in 1228, and both hnished in 1253. Both are 
adorned by frescoes and jiictures by Giotto, Cimabuo, and 
others. Down in the valley is the pilgrimage church of 
Banta Maria degli Angeli, ^gun by Vignola in 1569 over 
the oratory of Bt Francis, and finished about 1640; 
restored after the earthquake of 1832. It is decorated by 
works from the brush of the Della Kobbias, Overbeck, and 
others. In tho town there are, further, tho cathedral, 
finished in 1140, and remodelled in the interior in 1572, 
with a marble statue of Bt Francis by Dupr 6 and a 
Madonna and saints by Niccol 6 da Foligno ; the new 
church, built in 1615 on the site of the house in which 
Bt Francis was bom; and the church of Banta Chiara 
(1257), containing the remains of Bt Clara, foundress of 
the order of the nuns of Bt Clare (1212). There are 
also an«old castle and the ruins of a Homan amphitheatre, 
Assisi was also the birthplace of the poet Propertius 
(between 50 and 44 B.C.). Population, about 7000 ; of 
commune, about 17,000. 
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ASSlllti or Siuty the administrative capital of 
Upper Egypt^ and the largest and best-built town in the 
Nile Valley south of Cairo, with a population which rose 
from 32,000 in 1882 to 42,000 in 1900. It stands near the 
left bank of the Nile on the Nile Valley railway, of which 
it is an imjiortant station, 248 miles south of Cairo. Here 
is a largo canal communicating during the Hoods witli the 
Bahr Yusuf, which runs parallel with the Nile, and 
discharges its overflow into the Fayyurii depression. The 
canal is now skirted by a magnificent emliankmeut planted 
with shady trees leading from the river to the town. 
There are several bazaars, baths, and handsome mosques, 
one noted for its lofty minaret, and here the American 
mission has established a college for both sexes. Assiut 
is famous for its red and black iKittery, which finds a 
ready market all over Egypt. In the neighbouring 
Libyan hills n^re numerous rock-tombs, where are often 
found the remains of wolf mummies, this animal having 
been the tutelar deity of the place, whence its Greek 
name of LycopolU (“ wolf-town ”). 

Assuan, or Aswan, a town of Upper Egypt on 
the right bank of the Nile, facing Elephantine Island 
below the First Cataract. It is a station on the Nile 
Valley railway, 590 miles from Cairo. In 1880, though 
the centre of a flourishing trade with the Sudan and 
Abyssinia — the annual value of the goods in transit was 
estimated at £2,000,000 — its i) 0 ])ulation was only alMJUt 
4000. During the reign of the Klialifa it gained im- 
])ortance as the seat of the military government of the 
frontier provinces extending from Edfu to Wadi Haifa, 
and numbered some 10,000 inhabitants. After the defeat 
of the Khalifa at Omdurman it became popular as a 
winter health-resort, and in 1901 had a i^opulation of 
about 25,000. The great barrage immediately abovt; 
Aswan will place the agricultural jirospects of the sur- 
rounding country on an entirely new and iini)roved footing. 
In connexion with the work upon this undertaking and 
the reservoirs a town of about 12,000 workmen has sjjrung 
into existence. Aswan gives its name to one of the 
three second-class administrative districts into which the 
Anglo-Egyptian Sudan was divided in 1899, and is the 
headquarters of the English militiiry commandant. 

AstCirA, a port on the Caspian, situated in 38" 27' 
N. lat. and 48" 53' E. long., on both sides of the river 
of the same name, which, according to the Turkmanchai 
treaty of 1 828, is the frontier between Persia and llussia. 
Until the Mercury Steam Navigation Company made it a 
]x>rt of call, about 1860, it was an unimportant fishing 
village, but it has now a considerable trade, and much 
Kussian merchandise is lauded there and forwarded to 
AzerbdyAn and Tabriz Ardebil, 30 miles south-west. 
In 1897, 77 vessels (76 sWniers), with a tonnage of 43,101, 
entered the port, and 272 vessels (240 steamers), with a 
tonnage of 88,011, cleared it. 

Asthma. See Pathology {Bespiratory Organs), 

Asti, a town and episcopal see of the province of 
Alessandria, Piedmont, Italy, on the Tanaro, 22 miles W. 
from Alessandria by rail. Besides the cathedral, it has 
the interesting church of St Peter and the church of St 
John, both assigned to the Longobardic epoch (middle of 
8th century, but remodelled in the 10th). There is a 
statue of Victor Emmanuel. Asti is famous for its wine. 
Population, about 19,000. 

Astorlftf a city of Oregon, U.S.A., and ca})ital 
of Clatsop county, situated on the Columbia, near its 
mouth, in the north-western part of the state, and has an 
excellent harbour. It is connected with Portland by the 
Astoria and Columbia River railway and by steamboat 
lines. Its industries consist largely in salmon - canning 
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and in the manufacture of lumber, the surrounding country 
being densely forested with fir, cedar, and hemlock. It 
was founded in 1811, as a depot in the fur trade, by John 
Jacob Astor, after whom it is named. It was seized by 
the British in 1813, but restored in 1818. In 1821, 
while occupied by the North-West Fur Coini«iny, it 
burned and practically abandontd, leaving only a few 
settlers. Population ( 1 880), 2803 ; ( 1 890), 6 1 84 ; ( 1 900), 
8381. 

AstrftkhAnf a government of 8. E. Russia, on the 
lower Volga. Area, 91,237 sq. miles, of which 6730 
sq, miles are in iho delta of the Volga and the brackish 
lagoons, and 62,290 sip miles covered by the Kalmyk and 
the Kirghiz Stejqies. The climate is very hot and dry, 
the average temperatures l>eing for the year, 50" Fahr. , 
for Janmiry, 21“; for July, 78 ; yearly rainfaU, 7-3 ; often 
no rain at all in summer. Pojmlation (1897), 1,002,316, 
of whom 485,517 were women, and 132,383 urban. About 

132.000 Kalmyks and 260,000 Kirghiz are half nomad. 
There are besides nearly 44,000 Tatars, 7000 Armenians, 
1350 Poles, and as many Jews. Tlje overage percentjigo 
of births is 5*7, and that of deaths 3*7. Primary educu 
tion remains at a low level , tlu^ total numlx.T of ])ui)ils 
in primary Beh<X)ls being only 12,337 (one school for every 
2380 inhabitants). Fishing at the mouth of the Volga 
gives occupation to nearly 30,000 jKUhons, ah much as 
278,000,000 herrings being caught in a good yi^tir. Salt 
is Wgely extracted (300,000 tons) from lakes, rhiefly at 
Baskunchak, which is now connected with the Volga by 
rail. Cattle breeding is an important industry; in 1897 
there were 1,075,600 horned cattle, 214,935 horses, and 

3.521.000 shoe]). Corn is imported, but gardening and 
the culture of mustard, melons, and fruit for export are 
on the increase. Agriculture is nut much developed, 
there being (1899) only 1,007,300 acres under cereals, 
and the total cereal crop l)eing on the average 149,600 
tons. Forests cover only 430,000 acres. T]u‘ Russian 
railways only touch the bordiTs of the province. The 
government is divided into five districts, the chief towns 
of which are— Astrakhan, pop. 1 13,000 ; Enotat‘v.sk, 2810; 
Krasnyi Yar, 4680; Tchornyi Yar, 5140; and Tsarev, 
8900. Several villages are very popul^ais, such as Niko- 
laevskaya Sloboda (17,800). The Kalmyk Stepia) (pop. 
127,776), and the Inner Kirghiz Ilonle (213,146), are 
under their own internal administration. Sc» also is tlie 
territory of the Astrakhan Cossacks (pop. 25,600). 

Astrakhan, capital of the above, on the left bank of 
the main branch of the Volga, and 60 miles from the 
Caspian Sea (68 feet Ixilow the level of the ocean) has, 
.since the dovelo]unent of the naphtha industry and tlie 
ojiening of the Traiiscas]uan railway, liecoine a great centre 
for external and internal trade, the yearly returns of 
vrhich are estimated at 16,100,000 roubles for the former 
and 52,157,000 for the latter. The j)ort is visited yearly 
by about 4000 vessels ; and 1 242 vessels (90 steamers) 
belong to it. Pojmlation (1867), 47,839 ; (1897), 113,000. 
It is well provided with gymnasia for l)r»ys and girls and 
technical schools. Good public gardens and squares (one 
of which is adorned by a monument to Alexander II.) 
have been hud out. 

Kigbt miles above AHtmkbaii, on the right bunk of tho Volga, 
ai*o wie nuns of t^^o anciont cities, one above the other. In tlie 
upiKir layer, amidst all soils of debits, cbumoal, and bones, bavu 
been foimd gold and siher mints made by the Mongol Iloide 
iuler«>, OH well as vuiions silver and gold ornunients. Tliose nuns 
are separated by a layer of earth fiom older aiid^scantier mins, 
suptmsid to bo the leinains of the largo and prosiieroua city Atel, 
or ltd (Kiel, Idl) of tho Arabian geogiaphers (Ibii Fozlan, I bn 
Ilankal, &e.), which ^^as tho residence of the Khan of the Khoisai's, 
and was destroyed by the Russes in 969. Tlie upjwr layer of mins 
may represent the old city of Halaidar ( llalausar, Bclonder). 

(P. A. K.) 



728 


ASTEONOMY. 


P AllT I. of the article on Astronomy in the ninth 
edition of this Encyclo|>a*dia treats of the history of 
the science, and needs no supplement. In the first six 
cha])ters of Part II. are develojied those general principles 
and methods which form the basis of the science and are 
not subjt'ct to material revision. Our present purpose is to 
8ui»i»lernc*nt the chapters from VII. onwards. We shall 
first treat the recent developments relating to the solar 
system, and afterwards briefly describe the progress of 
knowledge in regard to the fixed stars. In arranging the 
first subject wo shall set forth the general results of tele- 
8cof)ic and sjiectroscopic observations of the })lanet8, in 
advance of results derived from the mathematical investi- 
gation of their motions. The subject thus divides itself 
into three sections : — 

1. The physical and other general features of the 
solar system. 

II. (Gravitational and theoretical astronomy. 

III. The recent development of our knowledge of the 
fixed stars. 

I. Physical Features of the Solar System. 

The development of this subject since 1880 is prin- 
ciiially due to the increased jiower of our instruments 
and the more extended use of the s[»ectros(*ope. Sixty 
years ago the spectroscope wa.s unkiiowm, and the 
I^^^'^copes most used were from I to 9 inches 
tehacopoM. aperture*.. About 1840, the successors of 
Fraunhofer made t^^'o teh'seopes of 14 inches’ 
aperture for the observatories of Pulkowa and Harvard 
University. The extreme limit of size was tlu'ii thought 
to be attained, but by 1880 the ajierture was carried 
up to 26 inches, and now it is 40 inches. The greiit 
Yerkes telescope of the university of (Jhiaigo gives 
about seven times the light of the Harvard and 
Pulkowa instruments. It might be thought that this 
enormous increase of power would have resulted in the 
final settlement of all questions, formerly the subject 
of debate, as to the physical phenomena j»resented by 
the planets. But such is far from being the case, and 
the vast mass of observations that have been a(*cumu- 
lated has thrown less light than might have been 
ex[>ecte(l on the question of the rotation or physical 
constitution of these bodies, though, at the same time, 
critical examination may show that the results to be 
derived are not so discordant or doubtful as might 
ai)pear from the seeming divergence of the observations 
themselves. The observers who, since 1880, have 
made careful studies upon the appearance of the ])laucts 
in the telescope, are so numerous that only a few 
of the best known can be mentioned. The systematic 
work of the British Astronomical Association, which has 
organized sections for the special study of {larticular 
objects, oilers a good example of the energy with which a 
large and 2 >o[uilar body may pursue scientific investigation. 
This body does not, however, command the instruments 
or enjoy the atmospheric conditions necessary to settle the 
most difficult (questions. Among the individual observers 
Schiaparelli may be assigned the first place, in view of his 
long-continued studies of the planets under a fine Italian 
sky, the conscientious minuteness of his examinations, and 
his eminence as an investigator. In what concerns the 
means and o]>portuiiities of observation, Barnard at the 
Lick Observatory enjoyed advantages offered to no other 
observer. The observatory at Flagstaff, Arizona, was 
founded by Mr Percival Low'ell, of Boston, for the special 



' to be one of the best as regards atmospheric conditions. 

Taking up the planets in order, wo begin with Mercury. 
Only on rare occasions have observers succeeded in discern- 
ing any well-defined features on the disc of this 
planet. Up to 1890 the period of its rotation 
was generally said to be nearly twenty-four hours, a state- 
ment which rested mainly on observations made by 
Schroeter, the indefatigable observer of Lilienthal, about 
the beginning of the century. Cautious and conservative 
, astronomers have been more and more sceiitical as to the 
correctness of this period, on account of tho failure of 
observers with better instruments than Schroctcr’s to see 
permanent markings that could be followed from day to 
day. In 1882 8chiai)arelli began a careful study of 
the face of the ])lanet, with a refractor of 8 inches’ 
aiHirture, subsequently replaced by one of 18 inches’. His 
unexpected conclusion was that the rotation of Mercury 
I resembles that of the moon, in having its period equal to 
I that of the orbital revolution. As the moon always pre- 
I sents the same face to the (*arth, so Mercury always j>re- 
! sents vciry nearly tho same face to the sun. Schiaj)arelli 
also announced that the axis of rotation of the planet 
. i.s very nearly ))erpendicular to the ])]ane of its orbit. 
The rotation benng uniform, while the orbital motion, 
owing to tho great eccentricity of the orbit, is aflected by 
a very large inequality, it follows that there is a hbration 
in longitude of nearly 24“ on each side of the ni(*an 
position. Mr Lowell, in 1897, took up the (]uestion 
anew by combining a long series of measured diameters of 
tho planet ivith drawings of its apparent surface made 
from time to time. The latter showed long narrow 
markings, similar in their general character to the sup- 
posed channels seen by Schiajiarelli upon Mars, and the 
constancy of these markings was considered to confirm 
the view of Schia])arelli as to the slow rotation of thi* 
])lanet. The diameter was found to be 0*8'' greater than 
the value which had before been generally accepted. The 
most curious result of Mr Lowell’s work was that the 
body of the planet is possibly somewhat ellipsoidal, the 
longer axis being directed toward the sun. This, however, 
cannot be regarded as established. It is worthy of 
remark that the larger diameter and the ellipsoidal form 
may be connected with a curious discre}mncy found in 
discussing the meridian observations of tho planet. This 
consists in the fact that in the general average, when the 
planet is east of the sun the right ascension derived from 
observations seems to be too small, and when west of the 
sun too great. In either cose, it is impossible to observe 
the real centre of the planet, because the latter always 
shows a phase like that of the moon, being sometimes a 
crescent, sometimes a semicircle, and sometimes gibbous, 
according to the jiosition in tho orbit. The observers 
I sometimes dii'ccted their view upon the bright limb which, 
of course, was always towards tho sun, and sometimes 
upon the apparent centre of the illuminated surface; hence 
reduction from the point observed to the centre of the 
I planet w^as necessary to derive the position of the centre 
I supposed to b(5 given by the observations. This reduction 
, was necessarily a fraction of the assumed diameter of the 
planet, which had to bo determined from other sources. 
The discrepancy shows that the reduction actually applied 
was, in the general average, too small by a considerable 
fraction of a second, but it is impossible to say with 
certainty whether this arose from a personal equation of 
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the observers, due to the fact that the limb of the planet 
nearest the sun was so much brighter than the rest of the 
disc that the observers of the apparent centre set very 
nearly on the limb, or from the assumed diameter being 
too small, as supposed by Mr Lowell. 

Schiaparelli made his well-known studies upon Venus 
contemporaneously with those upon Mercury, and his 
conclusions were summed up in five brief notes 
ctiuM, ^ Milan Academy during the year 

1890. The first four of those are devoted to a very full 
and exhaustive history of all existing tele8coi)ic observa- 
tions upon the supposed spots of the planet'from the time 
of Bianchini (1728), the result being that no positive 
conclusions can be drawn from any of the observations, 
either as to |)ermanent markings on the planet or its time 
of rotation. Herschel had devoted 8])ecial attention to 
the subject, and, as is well known, could find no evidence 
of any well-defined period of rotation. The first definite 
clue to a conclusion w'hich Schiaparelli could obtain, was 
suggested by the long continuance of two faint 8y)ot8 
near the southern cusp of the planet. It is true that 
these spots were not always visible ; yet, under the best 
conditions, they could bo seen at some hour every day 
for weeks at a time, and sometimes during several hours 
on the same day. He agreed with Herschel and others of 
the best astronomers in concluding that thciscj syiots were 
not really permanent, but disapj)eared at the end of a few 
w(!eks at most. At the same time the faint teni]»orary 
spots which ho succeeded in discerning remained immov- 
able for several hours in succession, thus jirecluding the 
idea of j>revious observers that the jilanet rotated in a 
])eriod not very different from twenty four hours. More- 
over, their continued observation for st^voral wetjks seemed 
to show that their rotation must he very slow, and their 
jicriod several months, jjerhaps ecpial to that of the re- 
volution of the planet round the sun. Ijo\\ell reached 
a similar but more definite conclusion, maintaining that 
the planet really did always yiresent the same face to the 
sun. But in the opinion of the most conservative astrono- 
mers, the whole subject of the rotation, both of M(»reury 
and Venus, is still in doubt. The supposed spots are so 
indefinite, that it is not safe to rest a positive conclusion 
on them. The most recent and most definite result is that 
of Helojiolsky at Pulkowa, who determined by the spectro- 
graphic method the difference of the velociti(*s with which 
various points of the circumference of the disk of Venus wen* 
moving to or from us. The mean of a great number of 
measures gave a velocity of rotation of 0*9 km, j^er second, 
corresponding to a period of twelve hours. So short a [icriod 
seems incompatible with the absence of sensible ellipticity 
in the figure of the planet, yet the observations greatly 
weaken Schiaparelli’s conclusion (Ant Nach, No. 3641). 

Conclusive evidence that Venus is surrounded by a 
transparent, or at least a translucent atmosphere, was 
gathered at the transit of Venus in 1882, and scarcely 
less conclusive was the evidence that this atmosphere 
bears a groat volume of clouds, which jirobably would 
completely obscure the surface of the planet. After one- 
half of the dark body of the planet had entered upon the 
disc of the sun, that portion of its outline without the 
sun became visible as a thin line of light extending 
around its border. This line can ho attributed to no 
other cause than the refraction of the sun’s rays produced 
by an atmosphere surrounding the planet. Hud this 
atmosphere been quite transparent, we should have 
expected the line of light to make its first ayqjoaranco 
at the most dishint point A (see Fig. 1 ) of the circunifer- 
enco of the planet, owing to the fact that btjfore the 
planet had half entered, the only rays that could be 
refracted to us would necessarily jiass near this region. 


From this point, A, the lino of light should have extended 
in both directions, until, after more than half the planet 
was on the irolar disc, it would have been seen complete. 
Instead of this the light first showed itself along a small 
arc at the ix>int B. A few minutes later, small portions 
of it began to glimmer here and there around other parts 
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of the dark circumference, but it was not until the planet 
was almost entirely on the disc that the are of light 
became plainly continuous. It is difficult to attribute 
this phenomenon to any other cause than clouds floating 
in the lower region of the atuKJSpliere, and possibly an 
irregularly translucent condition ol the' latter rather than 
entire transparency. 

There is a class of telescopic observations at 

first sight, sec'm incompatible with those made «ibout the' 
time of a transit. At inie'rvals of eight years iK'fore and 
after a transit, Venus passes veiy near the^ sun. On sue-h 
an occasion, in 1866, Lyman, at New Haven, saw the 
entire outline of the planet as an e'xceedingly tine ring of 
light, and on 1st and 5tli I)ee*einber 189() IWnard saw 
the entire outline except about 20^ An atmosphere' 
refracting rays so strongly that the illumination of the 
entire planet would l>e visible under such circumstanc-es, 
ought to show a bright arc of light on the side farthest 
from the sun, whereas, in fact, this was alw^aya the 
darkest portion of the outline. A very elaborate dis- 
cussion of all the observations of this class lias been made 
by H. N. Jtussell (^Aitrophysical Journal, ix. 284), who 
]irope)ses the exjdanation that the visible outline which we 
see is not the illuminated surface of the planet hut the 
up|X5r illuminated regirm of the atmosphere, bearing sus- 
IKindcd particles of dust or fog. He also concludes that 
the atmosphere of A’enus is decidedly rarer than that of 
the earth. This seems the best exj)lanation of the seem- 
ing ])aradox that has yet been offered. 

The earlier telescopic observers had no difficulty in 
discerning bright and obscure regions on the surface of 
Mars, and in concluding from the varying 
asiieets of these regions that it rotated on its 
axis in a j^riod of a little men' than twenty-four hours. 
The only important additions to our knowledge of the 
surface lietwecn the time of Herschel and Schroeter, and 
the opposition of 1877, were embodied in maps of the 
planet, which agreed in the main features, but differed 
greatly in details. At the opposition of 1877, the planet 
was unusually near the earth; and although its south 
declination was not favourable to observations in the 
northern hemisphere, Sc'hiaparelli instituted a series of 
studies which, continued through several subsequent 
ojipositioiis, have given rist to a large mass of literature 
on the subject. Observers had long seen, or fancied they 
could see, a remarkable res(*iu bianco between the surfac^e 
of Mars and that of the eartk The brighU'r regions 
were sui)pt>sed to be continents ; the darker «ni*s oceans. 
Schiaparelli’s great discovery w^as that these siqqKised 
oceans Avere connected by comiiaratively narrow streaks, 
to which he applied the term channels {caimle), a word 
which, through an unfortunate misconception, has been 
translated into English as “canal,” thus giving rise to 
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the impression that the features in question were the 
work of the inhabitants of Mars. The studies of these 
features by other observers have been so numerous that it 
is impossible even to summarize them. Some have failed 
to see the channels at all, but the most successful in 
seeing and drawing them have been the observers at 
the Lowell Observatory, A careful comfiarison of the 
inajis of Schiajmrelli with each other, and with that of 
Lowell, shows tliat there is by no means a complete 
agreement as to these features. {Schiaparelli depicts them 
as nithcr obscure and more or less diffused bands or 
streaks of appreciable breadth, whereas in Lowell’s 
drawings they appear as sharp, fine, dark lines. The 
channels seen by Lowell are much more numerous than 
those seen by Schiaparelli, but at thcj same time we 
cannot identify all of Schiaparelli’s channels on Lowell’s 
map. An additional characteristic of the latter is that 
the numerous junction points of the channels arc fre- 
quently marked by round, dark spots, like circular lakes, 
which do not appear on &hiaparelli’s map. The current 
interpretation of these feature's has been contested by 
llarnard, who seems to have seen the planet under much 
more favourable conditions than either of the two other 
observers. He had the advantage of the great aperture 
of the Lick telesco]ie, and the very fine seeing now and 
then obtained at Mount Hamil ton. In exceptional ly favour- 
able circumstances he could see markings so minute, 
intricate, and abundant that it was impossible to delineate 
them. They were even more numerous on the so-called 
S(jas than on the broad continental regions. They were 
usually more or less irregular, consisting in delicate 
<hilerencos of shade. No straight and sharp lines were 
seen. Between the black spots which abounded in a 
certain region were seen diffuse ha/y lines, rather iiTOgu- 
larly formed (Mimthly Notices It, A, S. vol. Ivi. 1896, 
p. 16G). These discrepancies between the two observers 
are all the more noteworthy, in view of the skill of each, 
8chia])arelli being knowm for his conscientious care in 
avoiding every sort of illusion, and training his eye to see 
only what is existent, while Barnard is equally conscien- 
tious, and had at his disposition telesco]»ic power lar 
exceeding that of Schiaiiarelli. 

The apjiarent discrejiancy can, we believe, be reconciled 
by some considerations on the psychology of vision. If 
we observe a stippled engraving of such an object as the 
human face from a certain distance, we see nothing but 
continuous light and shade. If we seek to draw what we 
see, we may form the best representation by lines re])re- 
senting the outlines of the human features. But if, 
instead of studying the engraving at a distance, we look 
at it through a magnifying glass, we see no lines whatever 
but only collections of points, perhaps without any wcdl- 
defined arrangement, thicker in some regions than in 
others, and of various sizes. We thus learn that the eye 
pcxssessos a proi>tTty of representing collections and rows 
of ])oints to the visual sense as continuous lines of light 
and shade. From this point of view it is quite natural 
that such features as those descrilied by Barnard should, 
when seen with less sharpness, iiresent to the eye the 
atqjearance shown on the maps of Schiaparelli. The 
di.screi>ancy between the outlines, as drawn not only by 
the two observers, but l)y the same observer at various 
times, shows tlnit there is something shadowy and in- 
ilefinite, we may even say doubtful, in the objects depicted. 
Some of tlje channels are unmistakable. Of others the 
difference of shading is so slight tliat visual distinctness is 
scarcely possible, and none of them, perhaps, can be con- 
sidered as anything but the result of a combination of 
complex features too minute to be separately visible. In 
this connexion a short i)a|)er by Cerulli in the Astr&noni, 


Kook (Bd. 146, S. 155) my be read with interest. 
This observer found that after having observed the 
channels of Jfars for two years through a telescope, he 
was able, by looking at the moon through an opera-glass, 
to see similar lines upon its surface, but these seeming 
lines were shown by observations with the tel6SC02)e to be 
being only the result of the unconscious action of 
the eye in joining together slight and irregular combina- 
tions of light and shade in such a way as to jiroduce 
regular forms. As this action was the result of a long 
habit, the fact shows the possibility that long practice in 
observing may result in an observer seeing objects in- 
correctly. Could we see Mars with an optical instrument 
bearing the same ratio to a common telescope that the 
latter does to an opera-glass, the result might be the same 
for Mars that Cerulli found for the moon. The doubling 
of the channels noticed from time to time by some 
observers must also bo placed in the category of doubtful 
phenomena or probable illusions, and there is on this 
I)oint an absence of agreement among the observers wliich 
must throw doubt on their conclusions. On Schiaparelli’s 
map and in Lowell’s drawing the double channels are 
simply j)arallel ones of equal strength, so far apart that 
they are distinctly separate objects, though others find tlio 
supposed duplicity very difficult to make out. It is con- 
ceivable that an observer, under unfavourable conditions, 
might find these ])airs of markings hard to separate ; but, 
were such the case, they would be seen as a very broad 
band and not as the narrow streaks commonly depicted. 

The well-known fact that the polar regions of Mars are 
covered with a white deposit during the Martian winter, 
of which the greater jiart melts away in the 
course of the Martian summer, has given rise to 
the belief that the planet has an atmosphere 
and oceans like our own. A})i>arent changes in 
the visibility of different spots at different times seem to 
confirm this view, by suggesting that portions of the 
])lanet are from time to time rendered invisible by clouds. 
But the telescopic observations of Lowell, and those made 
with a sj»ectroscope by Campbell, both tend to weaken 
this view ; Lowell, from Ixis own observations, reached 
the conclusion that the atmosjxhere must be much rarer 
than that of the earth and comjxaratively cloudless, and 
Campbell, by comparing the spectra of Mars and the 
moon, could not certainly discern any well-marked differ- 
ence between them. It is known that the moon has no 
atmosphere sufficient to jxroduce an absorption spectrum. 
Hence Campbell’s observations show that if the same 
thing is not absolutely true of Mars, it must he apjxroxi- 
mately so, in that no spectral lines are strengthened by 
the atmosphere to an obvious extent. Just how dense an 
atmosphere could exist without having any appreciable 
effcjct on the lines, especially how much aqueous va]Jour 
it might contain, we cannot states with precision, but we 
seem justified in concluding tliat the Martian atmosphere 
is much rarer and much more free from aqueous vajjour 
than tliat of the earth. The jiroblem of reconciling the 
supposed winter snow deposits with the great rarity of 
the atmosijhere presents no difficulty. But there is real 
difficulty in supposing that the summer temperature can 
be so high as to melt any considerable thickness of snow 
or ice. The most probable explanation of this pheno- 
menon seems to be that the polar caps are in the nature 
of hoar frost deposited during the extreme cold that must 
prevail in a region completely cut off from the rays of 
the sun, and not warmed as our polar regions are by air 
currents from the warmer equatorial regions. Ice slowly 
evaporates at a temperature below the melting-point. It 
is not, therefore, necessary to suppose that the sun’s rays 
warm the polar regions of Mars even up to the melting- 
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point of water, in order to explain the evai)oration of a 
thin deposit of frost during the Martian summer. 

Our general conclusions as to the physical condition of 
the surface of Mars may bo summed up as follows; (1) 
The dark regions on the planet are not oceans, as 
formerly supposed, the more probable hypothesis being 
that the dark colour is simply that of the solid surface of 
the planet. The amount of heat received from the sun 
on each unit of surface is less than half that received by 
the earth, and it is commonly supposed that the surface 
of our globe is, in the general average, warmer than it 
would be if our atmospheHs were less dense or less rich in 
aqueous vapour. It is therefore very unlikely that the 
surface of Mars can be warm enough to allow of the 
presence of large bodies of water in the liquid state. 
(2) The so-called canals or channels are probably not the 
definite features that appear on the drawings, but rather 
the result of slight suggestions made to the eye by more 
or less irregular differences in the minute shaclings and 
colour tints on the surface of the planet. 

Probably no astronomical discovery since that of Nej)- 
tune has so surprised the astronomiail world as the 
announcement, made in August 1877, that Pro- 
o/JJarlr* Asaph Hall had discovered two satellites 

of Mars. The most remarkable feature of theso 
bodies is their minuteness, their estimated diameter 
being only 8 or 10 miles, and they are the smallest 
known bodies in our system, except possibly a lew of the 
more recently discovered minor planets. Among satellites 
the inner one is unique, in that its time of revolution 
round the planet is less than the Martian day, being in 
fact less than nine hours. The result is that to an ob- 
server on the ])lanet it would rise in the west and sot in 
the east. They are, of course, diliicult objects to observe, 
esi>ecially at those oppositions when the planet is farthest 
from the sun ; but at the favourable oppositions, when 
lilars is near its perihelion, they may easily lie seen with a 
telescope of 1 2 inches' aperture or upwards, if tlie observer 
takes the precaution to cut off the light of Mars from his 
held of vision. Particulars relating to the elements and 
motions of these bodies are given on pages 7 14-5. 

The number of known members of the grouj> of minor 
planets now approaches 500, and is increasing so rapidly 
that no trustworthy estimate of its total can yet be 
The mean oiiposition magnitude of those 
most recently discovered generally lies bcitween 
the 11th and 13th, and sometimes is of the 14th or 15th. 
New discoveries are now made entirely by photography. 
A sensitized plate is exposed in the focus of an equatorial 
photographic telescope, moved by clockwork so as to 
follow the stars in their diurnal motion, and on this wdien 
ileveloped the sttirs appear as minute dark dots. But if 
the image of a planet is irai3riiited on the plate, it will 
appear as a short line, owing to the combined effect of its 
orbital motion and that of the earth. The ease with 
which such a plate can be examined under a microscope, 
renders this method much simpler and more expeditious 
tlian the old one of searching for the planet visually. 
One of the bodies recently added to the list is, in the? 
character of its orbit, quite unique. The orbits of all 
tlie minor planets known up to 1898 were situated 
between those of Mars and Jupiter, but in August of that 
year, Witt, of Berlin, found a planet which at perihelion 
comes considerably within the orbit of Mars. The name 
of Eros has been assigned to it. A remarkable feature is 
that the two orbits, those of Eros and of Mars, are inter- 
linked in such a way that if both were material they 
would pass through each other like two links in a chain ; 
but the inclination of the orbits and the large eccentricity 
of Eros are such that, at present, there is no very near 


approach of the two orbits, though this could not always 
have boon the case in the past, nor will it be the case in 
the future. One result of the secular variations must bo 
that the two orbits will, at some period, a^'-tuully intersect, 
and near this time Mars and Eros will approach so ch)se 
to one another that the orbit of the latter may be com- 
pletely changed. Not unlikely this was the case at some 
unknown epoch in the i)a8t, previous to which the orbit 
of Eros may have Iw^cn V(Ty dilfercnt from what it is now. 
Approximate elements of this body referred to the equinox 
of 1900 are these — 
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Me&ii long, at epoch 
„ aiioin. „ 
Long, of perihelion 
„ ' node 
Inciination . 

Angle of eccentricity 
Dauy mean motion 
Log. mean distance 
Eccentricity 


842“ 48' 
221“ 87' 
121“ IV 
308“ 31' 

10“ r>o' 
12“ 62' 
2016 -2326" 
O-in.8798" 
0*2227'V' 


From the mean distance and eccentricity it follows that 
the least distance^ of the jtlain^t from the sun is 1* 1 33.3, 
the greatest, 1*7829 At the desceiKling node on the 
ecliptic its distance from the earth’s orbit is only 0*149, a 
distence much less than that of any other km ami planet. 
The earth passes this point aljout 24th January of each 
year; but it is only on i*are occasions that the [Janet will 
be very near the correB[>onding part of its orbit at this 
date. A tantalizing fact for the astronoimn* is that such 
a passage occurred about 2Uh January 1894, before the 
planet was recognized, and that so near an approach will 
not occur again until 1975. Oppositions not much les.s 
favourable than that of 1894 will occur in 1931 and 
1938. The epochs of these nearest apiiroaclies can l)c 
utilized for more exact measures of the solar [larallax than 
have yet been made. Seven years before and after each 
most favourable opposition anotluT occurs at which, though 
less favourable, the planet comes so n(*ar as to offer an 
excellent opportunity for the measures in question. 


A study of the distributiou of the mean motions of these bodievS 
shows a singular feature, ap])urently connected with their origin, on 
which it may throw some light. About 1870 it ivas 
noticed by Kirkwood that wlien these mean motions 
are arranged in the order of then magnitude, gaps are ^ 
found in the series corresponding to tlie points ot coni- „ 
mensurability with the mean motion of Jupiter ; that 
is to say, the period of Jujntor being in round numbers twelve 


iHatribution of AOO Mttwr Planets into (jroapSy according to Mean 
Motions and Mtan Distances. 


Limits of Mean I Limits of Mmn 
Bfotion. 1 Dislaiici* 

1 

riretuUlt 
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No of 
Plaiipls 
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Exceed 

1000 

below 
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6 
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870 

2 65 
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•17 
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2 72 
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07 
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750 „ 
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•03 
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760 
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years, there are tew or none of these bodies which have periods of 
one-half, one-third, or two-fifths of twelve years. If there were any 
of the group having any of these periods, it is known that the 

^ Distances among the planets are expressed in radii of the earth's 
orbit. 
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perturbations produced by Jupiter would be greatlv exaggerated 
in the course of oeiitiinos. It was therefore supposeil that if there 
over had been planets with these mean motions, their orbits would 
have been unstable and subjected to large and unknown chang;es. 
This conclusion, however, is misleading. The result in question 
follows when the integration of the equations of motion of the 
jilanet is only approximab', hut a rigorous integration shows that 
commensurability of tlm kind in question does not lead to any 
instability. When Kirkwood made his investigation, only about 
100 of these bodies were known, but a study of the 400 members 
of the group whoso mean motions are fairly well determined shows 
the matter in another and more striking light. In iho preceding 
table is sliown the distribution of those members in zones of mean 
motion and moan distance. 

A study of this table shows that what we see in the group are 
not gaps 111 an otherwise uniform series, but a tendency to cluster 
into zones, wliieli are condensed near the middle of the regions 
lietween the lines of commensurability and thin out gradually 
towaids those lines. For the most part there is no absolute 
dividing line between the zones, the number being merely less 
neat the lino of commensurability. This, however, is not the 
ca.se with the two outer zones. In the region 3*24 to 3*31 no 
planets are yet known, while in the next zone, 0*18 in hteadih, 
tlwie arc ten. Then follows a zone 0*3fi in breadth, without any, 
outside of which there are five. That theie is a causal connexion 
between this system of grouping and the lines of commensurability 
with Jupiter can searcoly be doubted, but, as iilicaily remarked, 
we cannot attribute the paucity of planots ajqiroaching to com- 
mensuvahility to any want of stability in their motion One 
cannot hut suspect that the phenomenon has a cosmogonical 
origin, and arose from the formation of zones of diflerent de^ees 
of density in the original revolving nebulous mass from which 
these budii'S were fonned. 

'Pile law's of secular variation of elements show that there is a 
ciTtaui mean plane around which the nodes of these bodies tend 
to ho unifonniy scattered, and a certain mean longitude towards 
which the iierihelia tend {Aafronom. Nach. Iviii. S. 210). The 
position of tlic mean plane is; longitude of node, 91"; inclina- 
tion to oliptic, 1" 3'. The eccentricity and penlielion of the mean 
orlntare; occonlneity, 0*0321 ; longitude of perihelion, 3". This 
last result does not imply that we have here the mean of all the 
eceentneities, but that the mean value of the e sm ir and e cos ir 
for all the orliits will he very near the products of the oeeentricity 
just given into tin sine and cosine of 3*". The result may he 
otherwise expressed by saying that the action of each planet tends 
to bring the mean plane of the orbits of the small jilanets into its 
ow'n plane, and to elongate the orbits in the direction of its ow*ii 
aphelion. As Jupiter exerts the most pow'erful aetion on the 
minor jdanots, a tendency thus arises among the lattoi to eoln- 
oidenec of their nodes and iierihelia with the node and pen- 
hclion of Jupiter. 

Tho most notable addition to our recent knowledge of 
the f/ovian system consists in the discovery of a minute 
additional satellite by Barnard in September 
with the .36 -inch telescope of the Lick 
Observatory. It is much nearer the jilanct than 
the four previously known, and the only designation 
which it has thus far received is that of fifth sattdlitc," 
iho order of distances of the satellites thus being the fifth, 
first, second, etc. As regards visibility it is one of the 
most dilllcult objects — jicrhaps the most difficult — in tlie 
solar syste^m, and has been seen only with a few of the 
largest telescopes. Its mean synodic period of revolution 
is 1 1 k 57 m. 27 *035 s. It has Ixieii assiduously observed 
by its original discoverer, who finds a (juitc appreciable 
eccentricity in its orbit. From his observations, com- 
bined with a considisratioii of the theoretical effect of 
tho elliptifity of Jupiter, its iiericentre is found to revolve 
with a more ra])id motion than that of any other known 
celestial body, making more than an entire revolution in a 
year. ThiJ ioiir satellites formerly known have liecn found 
by Barnard and W. B. Hckering to exhibit singular 
anomalies of apparent form while in tmnsit across the 
disc of Jupiter. The first sometimes appeared double on 
such occasions, although no such form had been seen at 
other times, and it bi'caine a question whether it could 
really consist of two bodies. After a careful study of the 
subject, Barnard reached the conclusion that the appear- 
ance was due to a briglit band around the equatorial 


r(^ion of the satellite, while the poles were of a darker 
tint, the varied shading of the belts of Jupiter on which it 
was seen projected during the tmnsit resulting sometimes 
in only the polar regions being visible. Anomalies of 
form noticed in the other satellites have not been con- 
firmed by the observations of Barnard (Monthly Notices 
M. A. S. liv. 1894, p. 134). 

The ease with which the complex cloud -forms on 
Jupiter can be observed has led to a careful study of 
its surface by many observers. The British Astronomical 
Association has a special section devoted to this study. 
Although a great mass of observations bos thus been 
collect^, illustrative of the changes continually going on 
at tho surface of the planet, it cannot be said that any 
radically new views respecting its constitution have been 
gained, nor that the observations have yet led to any 
researches tliat would throw much additional light 
on the subject. Tlie most noteworthy phenomenon of 
late years has been the garnet spot which appeared 
in middle southern latitude in 1878. For ten years no 
great changes were noticed in it ; tlMui it gradually began 
to fade awuy. About 1892 it brightened up again, then 
again began to fade, and has been seen only occasionally 
and with difficulty since 1897. The most careful investi- 
gation of its motion has Ix'en made by Lohse, whose work 
embraced the entire period of visibility from 1878 lo 
1897. His most remarkable conclusion is that the jxiriod 
of revolution of the spot has been undergoing a fairly 
continuous change. For seveml years Ixiforo and after 
1891, it was 9 h. 55 m. 41 s. But if with this motion 
its position is computed back during previous years, it 
will 1)6 found to have wandered over more than two-thirds 
the circumference of the pamllel on which it is situated. 
This result emphasizes the fact already known, that if 
Jupiter has any solid nucleus it is invisible to us ; for had 
the spot in question Ixjen connected with such a nucleus, 
had it even been in the nature of an eruption from a 
volcano, its period of revolution would necessarily have 
been uniform. (tI ranting — as seems to be unavoidable 
— ^that the visible surface of the planet is either liquid or 
gaseous, the iicrsistence of tho spot through twenty years 
is remarkable. The most plausible hypothesis is that it 
is in the nature of an island fioating upon a liquid surface, 
but it docs not seem at all probable that any formation 
fioating in an atmosphere could have lasted through such 
an interval. Still, it is an open question whether the so- 
called belts of Jupiter indicate a li(]uid or gaseous condition 
of tho visible surface. The great difficulty in the way of 
tho liquid hypothesis is the very groat difference in tho 
times of rotation of the equatorial portions of the planet 
and the spots in middle latitudes. It is now found that 
while the latter, like the red spot, rotate in 9 h. 55 m. 
and a somewhat variable number of seconds, the ecjuatoiial 
markings make a revolution in about five minutes less 
time, or 9 h. 50 m. a varying number of seconds. 
In this respect Jupiter resembles the sun, whose rotation 
follows the same law. In the case of tho planet, however, 
it is very remarkable that no intermediate times of 
rotation seem to have been well made out. Whether this 
arises from the fact that obsiirvers have not devoted to 
this subject the attention which it deserves, or whether 
tho line between the two times of rotations is a narrow 
one, is a question which cannot yet be decisively answered. 
The important point is that the difference between the 
t-wo times corresponds to a difference of about 7*5“ in the 
motion round the {ilanet during a terrestrial day. This 
corresponds to a linear motion on the surface of the planet 
of more than 30,000 miles per day, a motion which it 
seems difficult to reconcile with liijuidity of the visible 
surface. 
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The view expressed in the ninth edition of this work, tliat 
Jupiter shines partW by its own light, has not been confirmed by 
later researches. The complete disappearance of the satellites, 
even in the most (mwerful telescopes, while in the shadow of 
Jupiter, shows that they cannot receive sufficient light from that 
planet to be visible, and the uniform darkness of the shadow of 
the satellite when seen on the planet, shows that the latter cannot 
be selMuminoiis. It is also to be remarked tliat, were it only 
moderately self-luminous, the colour of the light wliich it sends to 
us would be red, such light bein^ that first emitted from a heated 
body when its temperature is raised. While it is quite isissible 
that a small quantity of such light may reach us from tho planet, 
no facts to prove it have yet been adduced. 

In April 1898, the probable discovery of a ninth 
satellite of Saturn by W. H. Pickering ^as announced 
from the Harvard College Observatory. The 
Smiumima object was detected by means of four 

aya am. photographs of the region in the immediate 
neighbourhood of ^turn, taken on 16th, 17th, and 18th 
August 1898. A minute star was found on each of the 
plates, occupying a position which was vacant on the 
other plates. The object was of the fifteenth magnitude, 
and therefore so faint as to bo invisible to the eye by any 
but the most powerful telescopes. Its position relative to 
Saturn could not be readily determined, because the long 
exposure necessary to bring out so faint an object resulted 
in the image of Saturn ^ing completely “ burned ” out 
on the plates ; in fact, tho planet and rings appeared only 
as a large, dark, faintly -defined blotch of light, several 
times larger than tho planet itself. Assuming that the 
object in question was a satellite of Saturn, it must be at 
some distance outside of all the other satellites, and its 
time of revolution must be several months. As the object 
does not seem to have been certainly detected at the 
following o[>position, some doubt may yet exist as to its 
nature. The planet is now in a region rich in stars, and 
as so faint an object is easily lost among the hundreds 
which surround it, its detection is difficult. 

The visible surface of 8aturn Injars a certain resemblance 
to that of Jupiter, but tho markings are so much fainter 
that it is difficult, if not impossible, to locate and identify 
tliem with precision. There have been two notable 
exceptions to this rule. Sir William Herschcl once saw a 
spot which lasted several weeks and enabled him to fix 
the time of rotation of the planet on its axis at 10 li. 16 m. 
The second case occurred in 1876. On 7th December of 
that year a bright white spot suddenly apjieared in tho 
equatorial region. It continued more tlian a month, 
gradually extending its dimensions in an east and west 
(lirectioii, so as to assume the form of a long streak, and 
at the same time growing fainter. From observations of 
the brighter portion, Professor A. Hall fixed tlie time of 
rotation at 10 h. 14 m. The question whether any 
markings ordinarily exist on the planet strong enough to 
be certainly located is an open one among the best 
observers. Cautious students of the subject will probably 
give most weight to the negative side. (See Monthly 
Noticen R. A. S,, for observations and discussions, by 
Williams and Barnard.) 

The most noteworthy addition to our knowledge of tho 
rings of Saturn has bfcen made by Keeler. That these ap- 
iwndages cannot be rings of continuous matter, 
either solid or liquid, has long been well estab- 
lished by theory, which showed that tho 
equilibrium of such an object would necessarily be 
unstable. The alternative hyi^othesis that the ri^s are a 
cloud of minute satellites, or jierhaps more particles, too 
small to be individually visible, but so numerous as to 
look in our telosco])o like a continuous mass, was exhaust- 
ively investigated by J. Clerk Maxwell in his Adams 
prize essay ])ublished about 1860; but no direct evidence 
bearing on the question was obtaimble until the spectro- 
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scope was brought into requisition. By the aid of this ' 
instrument in its present refined form, the motion of a body 
to or from the earth can Ixs made evident by the change 
produced by the motion in tho wave length of tlic spectral 
rays. The method is equally af>plicable whether the body 
is self-luminous or shines by the reflected light of the 
sun. By photographing the ai)ectrum of Saturn and its 
rings when the image was thrown u]>on tho narrow slit 
of a spectrograph, Keeler found that tlie lines across the 
spectrum were bent and iiroken in sudi a w^ay a.s U» sliow 
tliat the inner [>art of the rings revolve*! with greater 
veloidty than the outer part, tlnj motion of each part 
being that which would c()rresp*)nd to the motion of a 
satellite revolving at tJu* »ime distance. The extreme 
thinness of the rings was demonstrated in a more striking 
maimer than ever before by Barnard and others in 1892, 
during one of those mre times at which the plane of the 
ring passes between the earth and the sun. In sucli a 
case the sun shines on one surface of tho ring, while only 
the opposite surface is turned towards us. Coiibiilering it 
as a cloud of satellites, each of the latter should in such a 
case be fully illuminated by the sun, except so far as if 
might be in the shadow of tliose outside of it The outer 
satellites of all wouhi necessai ily fully illuminated and 
also bo visible to us if we had sufiicient tclescopi*' ])ower, 
because there would be nothing to hide their liglit Now, 
it is a singular fact tliat, in these cireumstances, the 
ring was completely invisible, even with the 36-in* h 
telescope of tho Lick Observatory. Tins shows that th(» 
entire ring must be so thin that its edge is completely 
invisible, even in the full liglit of the sun, at the distance 
which separates us from the planet. On tlie other hand, 
the objects composing it must be completely opaque, as is 
shown not only by their disa}>pearance in tho circum- 
stances we have m* ntioned, but by the darkness of the 
shadow which they cast upon the jilanet when the suu 
illuminates them obliquely. TJie cloud of satellites is so 
dense that a ray of light caimoi penetrate tin; mass. 

An interesting question still ojicn is the nature of the 
so-called divisions of the rings. Are these divisions real or 
are they simply ap^iarent, arising from a darker colour in tin* 
matter which composes them ? In the case of the sharpest 
and liest-known division, to which the name of Cassini 
lias been given from its first observer, there would seem 
to be little doubt that the division is real. But there is 
some doubt in the case of the other divisions. It is now' 
well established that the dusky or cra]»e ring, which is 
on the inside of the brighter one, is really in the nature 
of an inner border of the bright ring, tho one shading 
off imiierceptibly into the other. While many excellent 
observers have sometimes thought they saw' a complete 
separation between the bright and the crape rings, no such 
phenomenon has been seen in the great telescopies of our 
times, and it is almost certain that tlie dark colour of the 
crape ring arises merely from its tenuity and transpiarency. 
From Barnard’s observation of the passage of Japetus 
through the shadow of Saturn and its rings it apqiears 
that the transparency gradually diminishes from the 
centre of this ring to its line of junction with the briglit 
ring. If there should e\er be a transit of Saturn cen- 
trally piast a bright staT*, many questions as to the con- 
stitution of the rings might be settled by noting the times 
at which tho star was seen through the divisions of the ring. 

Tho gi’eat distance of Uranus and Neptune, and the 
faintness of theii illumination by tho sun^ have as yet 
prevented our reaching any well-defined views 
as to their physical constitution. Micrometric amlA/ap- 
measures seem to show that the globe of Uranus tuaimn 
is slightly elliptical, like that of the other outer 
planets ; this would indicate that the planet has a some- 
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what rapid rotation. In the case of Neptune, although 
no well-marked cllipticity has been observed, it has been 
established in a satisfactory though intricate way. The 
plane of the orbit of the satellite is found to be in con- 
tinuous motion, and the only cause to which this can be 
attributed is the ellipticity of the planet itself. The result 
of this cause would be that the axis of the orbital 2 )lane 
would 2>erforin a slow revolution around tlie axis of the 
planet. The observed motion is undoubtedly a revolution 
of this kind, but up to the })resent time the arc described 
lias lj<*cn HO small that neither its radius nor its period can 
be determined. 

Were the planets surrounded by coini)aratively dense 
atmospheres, esjjecially atmospheres markedly different 
from that of the earth, that fact would lx? most 
ofthe^ (Jasily made known by the s])ectroscoi)e, since 
piMueta. unknown subsbinces in such an atmos])here 
would show absor])tion lines differing from those 
of the solar sjjectrum. A very dense atmosphere of the 
siime geruiral character as that of the earth would be 
indicated by a strengthening of the telluric lines. We 
remark in this connexion that the lines observed in the 
solar siiectrum are of two classes- those which arise from 
the absorjition of tlu'. gjistis surrounding the sun and those 
]»roduc‘ed by our own atmosphere. The latter seem to bo 
]»nnciijally due to the afjueous vajiour in the air. As the 
light which reaches us from a jilaJc't necessjinly comes 
from the sun and jmiss(»s through t»ur atmosphere, we 
must ox])ect to see all the lines of tln^. solar spectrum in 
tinj sjiectrum of any [danet, and the iin 2 )ortant tpiestioii is 
whether any tm^w linos or any changes in the strength of 
the known ones are also found. Studies with this end in 
view have boon made by Huggins and Vogel. In the ciisii 
of the jilanets Mercury, Venus, Mars, and Jupiter, the 
evidence of any well-marked modification of tlie solar 
siiectrum does not S(>iem conclusive. If, as ajipears from 
what has just been said, the inferior and denser regions 
of the atmospheres of these bodies are mostly tilled with 
clouds and vajwmr, wo should not expect to gam iiiutli 
evidence in this way. In tlni ease of Mars an<i Jujiiter, 
Vogel thouglit he detected an iiiore^ised absori>tion in the 
red region. The general conclusion from the studies of 
these two investigators seems to be that, at least in the 
case of the three inner planets, there is no evidence of an 
atmosi^here diflering materially from that of the eartli. In 
the spectrum of Jupiter, however, a line was found in the 
rod of wave length 6178 which does not lielong either to 
the sun^s or the earth^s atmosiihere. Vogel remarks that 
it may be doubtful whether this line arises from some new 
and unknown substance in the atmoBjihere of Jujutcr or 
simply from some combination with which we are not 
familiar. The cuise with Uranus and Neptune is different 
1'he extreme faintness of the light from these i>laiiets 
renders it difficult to distinguish the Fraunhofer lines in 
their sjioctra, but a numlxjr of dark bands were found by 
Huggins, Keeler, and Vogel in the easily visible iiortion 
of the S 2 >cctrum of Uranus. The following is a list of the 
bands on which the observers arc substantially in agree- 
ment : — 

I rave Length. 

618. A broad band fading off towards tlio red. 

506. A narrow faint band. 

575. Daikest 2 >art of a broad bund, extending from 578 to 565. 

543. Middle of the darkest band. 

486. A group of fine lines. 

Vogel foui^fl a few faint bands above 486, and by 
photographing the siiectrum from F into the ultra-violet 
Huggins was able to distinguish the stronger Fraunhofer 
lines. The sjiectrum of Neptune seems to be of the same 
gt»neral character as that of Uranus ; but the bands are 
more difficult to see, owing to the extreme faintness of 


the light The inference to be drawn from these studies 
is that these two jilanets are surrounded by very deep, 
dense atmospheres, probably materially different in consti- 
tution from our own; but until we learn what combinations 
of known substances, if any, might be adequate to produce 
such bands as those just described, it is im^iossible to 
reach any conclusion as to the nature of those atmos^iheres. 

While the photometry of the fixed stars has, in recent years, 
been placed on a definite scientific liasis, the same can scarcely be 
said of that of the bodies of the solar system. This is 
owing largely to the difficulty, if not the imiiossibility, rhotomaiiy 
of establishing general laws as to the (proportion of 
light rofieoted from bodies at various angles of inci- 
dence and reflection. We must, therefore, confine ourselves to a 
statement of the apparent magnitude of the princi^ial bodies of the 
solar system under mean conditions. A fundamental datum of 
the subject is an expression for the quantity of light received fixim 
the sun os coiiqiared with that from a fixed star of given magni- 
tude, a result which is best expressed in the form of a st^lar 
magnitude of the tun. The results of attempts to fix this datum 
arc so disoordant that entire confidence cannot b(3 felt in any of 
them. To express it as a stellar niuguitiido of the sun we re- 
mark that, on the photometric scale now adopted, an increase of 
a hundredfold in the quantity of light corresponds to a drop of 
5 units of stellar magnitude in the body emitting the light. In 
general, a change of n stellar magnitudes is equivalent to a miilti- 
]dicaiion or division of the ainuunt of light hy 10^*^", a number 
whoso common logarithm is 0‘4?i Tlie best results for the* stellar 
magmtndo of the sun as thus defined seem to bo li6*6 (Wollaston), 
- 25 ‘8 (bond), and -• 26*6 (Zullncr). (living Zollnor’s resultdouble 
weight, wo have the stellar magnitude of sun ^ -26*4. 

Tlie two best deternnnatiuns of the ratio of sunlight to that of 
tho full moon seem to be those of Bond and Zullner, which are 
470980 and 619000 re8)3cctively. Muller {Vhotometrieder Oeatime) 
estimates the best mean result to be 569500. 

For the stellar magnitudes of the planets and satellites, we 
have room only to state what seem to be tho best moan results. 
In the case of Mei*cary and Venus, tho variations are so groat that 
definite results cannot bo given. 


Mars : at mean oiiposition ; - 
Jupiter „ „ ~ 

Saturn without rings 
Uranus : at mean op 2 )Osition 
Nejjtuno ,, „ 

Satellites of Mars : Phobos 
,, ,,’ Deimos 

Satellites of jupiter : First 
,, ,, Second 

„ ,, Third 

,, Fourth 
I of Saturn : Mimas 
„ „ Knceladus 

„ „ Tcthyt 

„ „ Diono 

,, ,, Rhea 

„ „ Titan 

» .. Hyperion 

„ „ Japotus — 

from 
to. 

Satellites of Uranus : Titaiiia 
„ ,, Oberon 

Satellite of Neptune . 


Mag. 

-1*75 

-2*28 

0*88 

5*75 

7*84 

12*8 

18*1 

6*0 

6*1 

5*6 

6*6 

11*19 

11*4 

10*5 

10*6 

9*9 

8*5 

12*8 

10*44 

11*80 

14*2 

14*5 

13*8 


For details respecting tho new comets, especially 
periodic ones, which have been discovered since 1880, 
Inference may be made to the article c a 

that subject ; what we are here concerned 
with is the general question of the origin and con- 
stitution of these bodies. A striking confirmation of 
the view that the comets of short period from time to 
time become members of our system through the action 
of one of tho larger planets, nearly always Jupiter, is 
aftbrded by the case of Comet V. of 1889, discovered by 
Brooks on 6th July of that year. It was soon found to 
lie moving in an orbit with a period of about eight years, 
and when its inotibns were traced back it was ascertainecl 
to have passed very near the planet Jupiter in June and 
July 1886. Attempts to compute its orbit previous to 
this approach were made by Chandler and Poor. The 
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former, from a preliminary investigation, reached the 
conclusion that the comet was prol^bly identical with 
that ofr Lexell, which had been thrown into some new 
and unknown orbit by the action of Jupiter more than 
a century ago. Poores inquiry, however, which was made 
on more complete data, seemed to show that this view is 
untenable and that the comet had never before been seen. 
As to the origin of comets, the most important develop- 
ment has been the establishment of the general fact that 
they belong to the solar system, and are not stray 
wanderers through siiaoe, as was formerly thought poasible. 
Were the latter the case, they would not jiartake of the 
motion of the solar system through space. Consequently, 
as the sun pursued its journey more comets would 1 k) 
found coming from the direction of its motion than from 
the opposite direction. Those which did come from the 
former direction would in general move in decidedly 
hyperbolic orbits. Now we may regard it as established 
that no comet moves in such an orbit. It is true that 
some of the computed orbits have a hyperbolic character, 
this being shown by the eccentricity coming out slightly 
greater than unity; but the excess, even in these ex- 
ceptional cases, is always so small that we can only regard 
it as the result of accidental errors of observation on such 
ill-defined bodies. The fact being accepted that these 
bodies, liefore their observed entry into our system, were 
accompanying the sun on its journey through space, we 
are led to the following very proliable conclusions : — All 
comets are to bo regarded as having been in the beginning 
outlying nebulous masses, belonging to the stime mass of 
matter as that which formed the solar system, and moving 
with it, but mostly at such great distances from the sun 
that their periods of revolution would bo measured by 
tens or even hundreds of thousands of years. Were it 
not for the effect of planetary attraction long insriods like 
these would be the general rule, though not necessarily 
universal. But at every return to perihelion a comet 
will be to some extent either accelerated or retarded in 
its movements by the action of Jupiter or any other 
))lanet in the neighbourhood of which it may pass. 
Commonly the action will be so slight as to have little 
influence on the orbit and the time of revolution. But 
should the comet chance to pass the orbit of Jupiter just 
in front of the planet, its motion would be retarded and 
the orbit would be changed into one of shorter period. 
Should it pass behind the planet, its motion would be 
accelerated and its jieriod lengthened. In such cases the 
orbit might be changed to a hyperbola, and then the 
comet would never return. It follows that there is a 
tendency towards a gradual but constant diminution in 
the total number of comets. If we call A the amount 
by which the eccentricity of a cometary orbit is less than 
unity, A will be an extremely minute fraction in the 
case of the original orbits. If we call ± Se the change 
which the eccentricity 1 - A undergoes by the action of 
the planets during the passage of the comet through our 
system, it will leave tW system with the eccentricity 
1 - A ± fie. The possibilities arts oven whether fie shall 
be positive or negative. If negative, the eccentricity will 
be diminished and the })eriod i^ortoned. If positive, the 
minuteness of A may result in the eccentricity 1 - A + fie 
being greater than unity, and then the comet will become 
for ever a wanderer through the stellar spaces. 

Another discovery is that of the possibility of groups 
of comets moving in nearly the same orbit. It was 
formerly thought that only by a very improbable chance 
would two of these bodies be found describing the same 
orbit at a long interval of time, and, if an instance was 
noticed in which such appeared to be the case, it was 
supposed that what was observed on the second occasion 
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was a return of the former comet. In February 1880 
a brilliant comet which was suddenly observed in the 
southern hemisphere was found to be moving in an orbit 
so nearly identical with that of the great comet of 1843 
that no doubt of a relationship coidd l)e felt. Yet ho 
slight could have been the deviation from a parabolic 
orbit in either cyise that the hypothesis of identity of 
the two bodies did not seem tenable. The question 
of possible identity was set at rest by the appearance 
of a third conuit in the autumn of 1882 again describing 
nearly the same orbit. It now seems likedy that theses 
throe bodies W(»rt^ parts of one original nebulous mass, 
situated far beyond the confines of our system, which 
gradually separated from each other in the course of 
successive revolutions round the sun. 

The question whether the motions of Encke^s comet 
are affected by a resisting medium is not yet conclusively 
settled. The careful and exhaustive resciarches of von 
Asten and Backluncl seem to show that resistance is met 
with during some revolutions and not during others. 
This would scarcely bc^ the cases with a resisting medium, 
as this agency would always l»e present if it existed at 
all. Quite possibly the effect may be due to inq^ei-fections 
in the computation of the pertufoations. 

There is jierhaps no celestial object on which obser- 
vations arc so much wanted as on the zodiacal Uglit. 
Up to the present time the conclusions w^huh 
can lie definitely stateil are somewhat general 
in their riatuni. The sun is surrounded by an ^ * 
exceedingly rare cloud of matter of very indefinite outline, 
lenticular in form, extending out somewhat beyond the 
orbit of the earth. This matter shines only by rcllected 
sunlight, a conclusion which, prokible enough in itself, 
is strengthened by the Bpectrosco))ic studies of A. AV. 
Wright, who found the stiecArum to lie continuous. In 
northern latitudes, this object cAn best hn seen in the 
evenings of February and March and in the mornings 
of September and October. Obsi^rvations made in the 
evening seem to show that the central axis of tht‘ ap^iarent 
light is one or two degrees north of the plane of the 
ecliptic, and this would point to a slight inclination of 
the median plane of the whole mass to that of the ecliptic. 
But it is impossible to reach any definite conclusion as to 
the xiosition of tliat plane until the apfmrent axis of the 
light among the stars has been carefully delineated night 
after night through an entire year by an observer in a 
very clear atmosphere within the tropics. It needs only 
a glance at the figure of the apjmrent light in the neigh- 
bourhood of the horizon when it can first be seen, about 
the close of twilight, to show that its breadth at the 
horizon is very considerable, probably 40 degrees. Con- 
tinuing the outline around the sun it seems probable that 
its visible border is nowhere less than 25 or 30 degrees 
from the sun. It follows that an observer stationed at 
a high elevation, in a very clear atmosphere, in such a 
position that the sun should be al>out 20 degrees below 
his horizon at midnight, should see this portion of the 
light as a faint glow in the northern horizon. 

The existence of the mysterious counter glow, or Gtgefnr 
tichdfi^ as it is commonly called, is now fidly established. 
It is a patch of light in the ecliptic opposite the sun, so 
faint and indistinct in outline that it can Ix) seen only 
under the most favourable conditions, including absence 
of moonlight and a considerable elevation above the 
horizon. It is invisible when projected oi^ the Milky 
Way. Barnard has observed it to be larger and more 
diffused in the autumn than in the spring. No well- 
marked deviation from the ecliptic or from the point 
directly opposite the sun in longitude has been detected. 
The phenomenon has sometimes been suiiposed to be 
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aBsociated with the zodiacal light, which, ou rare occasions 
and under the most favourable conditions, some observers 
have thought could be traced near midnight all the way 
across the heavens, forming a complete arch from east to 
west. In that case the Gegmschem would be a small 
patch in this zodiacal arch, slightly brighter than else- 
where. Of the various explanations which have been 
propounded no one can be considered as sufficiently 
probable to merit acceptance. An ingenious suggestion, 
and one which it is equally difficult to prove or disprove, is 
that it is composed of nebulous matter thrown off from 
the earth, forming a tail to the latter like that of a comet. 
The quantity of such matter necessary to produce the 
phenomenon would be minute in the last degree. Similar 
appendages, if carried by the planets, would bo entirely 
invisible to us, and that of our earth would be visible only 
because we see through it endways and on a dark sky. 

Intimately associated with this subject is the question 
of the conditions necessary to the permanence of an 
atmosphere round a planet. Dr Johnstone 
Pimatisty gtoney has recently investigated these conditions, 
^tgSertm, hiking as the basis of his work the kinetic theory 
of gases {Trans, Roy, DM, Soc, vi. p. 305). 
On this theory every molecule of a gaseous mass is com- 
pletely disconnected from every other and is in rapid 
motion, its velocity, which may amount to one or more 
thousand feet per second, de|)cnding on the tenqKirature 
and on the atomic weight of the g}is. At any temperature 
the velocities of individual molecules may now and then 
iiuTcase without any well-defined limit. If at the liouiid- 
ary of an atmosphere the velocity should exceed a certain 
limit fixed by the mass and force of gravity of tlie ])lanet, 
molecules might fly away through space as indcqKiudent 
lx)(lies. The absence of hydrogen from the atmosphere 
<if till' earth, and of an atmosphere from the moon, may 
1)0 thus explained. If the fundamental hy|>otheses of 
Dr Stoney^s investigations are correct and complete, it 
would follow that neither the satellites and minor planets 
of the solar system nor Mercury can have any atmosphere. 
If the separate molecules thus flying away moved accord- 
ing to the laws which would govern an ordinary body, 
they would, after leaving their respective planets, move 
round the sun in independent orbits. The possibility is 
thus suggested tliat the matter producing the zodiacal 
light may be an agglomeration of gaseous molecules 
moving round the sun; but several questions resjiectiiig 
the intimate constitution of matter will have to be settled 
Ix^foro any definite conclusions on this jxiint can be reached. 
It is not to be assumed that a molecule would move 
through the ether without resistance as the minutest 
known body does, and there is probably a radical ditference 
between the minutest imrticle of meteoric matter and the 
molecule of a gas. The relations of identity or difference 
between such finely-divided matter as smoke and atmo- 
spheric haze and a true gas have yet to bo fully estab- 
lished, and until this is done a definite and satisfactory 
theory of the subject does not seem possible. 

II. Gravitational and Theoretical Astronomy. 

The fundamental hyix>theBis of modern theoretical 
astronomy is that the motion of each heavenly body is 
determined entirely by the gravitation of other bodies. 
A^uming such to be the case, it will be possible to pre- 
dict the celestial motions with entire precision, if certain 
fundamental data are given. Such data would be the 
mass of eacSi body, and its position, velocity, and direc- 
tion of motion at some given instant. The problem 
would then bo the construction of general formulae by 
which the position of each body at any moment whatever 
could be expressed in terms of the time. In practice we 


do not use as fundamental data positions and velocities, 
but the elements of the orbits, including mean distance, 
eccentricities, position of orbit in space, mean position of 
the planet at a given moment, and other quantities which 
do not vary with the time. When the differential equa- 
tions expressing in a general way the effects of gravitation 
are integrated, the elements appear in the solution as 
arbitrary constants, to which values may be assigned at 
pleasure. The astronomer has then to assign such values 
that the observed positions of the bodies, whether planets 
or satellites, shall be accurately represented by the 
formuhe. The mathematical ])roces8cs by which the 
equations are integrated, values assigned to the elements, 
and the results comimred with observation, are perhaps the 
most difficult and most complicated with which the mathe- 
matical astronomer has to deal, and only in comparatively 
simple cases can he bo sure that the minute deviations of 
the actual movement of a body from his pre- 
dictions do not arise either from errors in his 
process or from errors of observation. The from the 
equations of motion can be integrated only in Jmw of 
the fonn of an infinite series of complex terms of frravJta- 
which all below a certain magnitude have to be 
dropped, and the difficulty is to be sure that no terms are 
omitted which could have a sensible value. Generally, 
it is possible to secure the necessary precision, but in 
some cases the question whether every possible term 
which could affect the result has liecn included may be 
an open one. One of the most interesting problems of 
the astronomer at present is whether the motions of the 
heavenly bodies, as determined by our most refined 
methods of observation, go on in rigorous accordance 
with the law of gravitation. This question cannot be 
settled by a mere comparison of the predicted motion 
with observations. When differences are found, the 
question will arise whether they may not bo due to errors 
cither in the fundamental elements or in the theoretical 
conqiutations ; in several instances supposed deviations 
have been found due to the latter cause. One notable 
case in history is that of the motion of the moon’s perigee. 
This motion was found to be twice as great as was at 
first supposed to be due to the Newtonian theory, but 
Clairaut showed that when more rigorous methods were 
adopted the observed motion was represented. The 
general rule lias been that, whenever an ob-served devia- 
tion has been well made out, it has been traced to the 
omission of some term of the algebraic formulfie express- 
ing the motion of a planet. To this rule there are two 
notable exceptions ; — 

(a) In 1845 Leverrier found that the centennial motion 
of the perihelion of Mercury derived from observation 
was greater by 35" than it should bo from the jn^tioaa 
gravitation of the other planets, and his result oi tha 
has been more than confirmed by subsequent ptmmaiary 
investigations, the most recent discussion of 
observations showing the excess of motion to be 43" per 
century. In this case there can be no question as to the 
correctness of the theoretical result, since the computation 
of the secular motion of the perihelion is a comimratively 
simple process. It follows that either Mercury must be 
acted upon by some unknown body or the theory of 
gravitation needs modification. The most natural ex- 
planation, and that offered by Leverrier, attributes the 
discrepancy to the action of a group of intra-Mcrcurial 
planets. For some time, therefore, careful search was 
made for these planets. One or more has been thought 
froi 4 time to time to be detected, but every observation 
of the kind has been disproved by critical examination. 
The simplest and surest method of discovery is afforded 
by the consideration that these bodies, if they exist, must 
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from time to time between us and the sun, and there- 
fore be visible as minute points on the disc of that body. 
But nothing of the sort h^ been brought to light by the 
photographs of the sun which have been constantly taken 
in recent years, nor by the observers who, during the last 
half century, have so assiduously watched the sun for 
spots. There is another difficulty in the way of accepting 
this explanation. A mass of ladies sufficiently large to 
produce the observed motion of the perihelion of Mercury 
would affect both the other elements of Mercury’s orbit 
and the motions of Venus, but it is shown by the most 
refined discussions of the observations that those effects 
are not produced. The most recent sunnise on the sub- 
ject is that the law of gravitation may not act exactly 
according to the inverse square. A very simple hypothesis 
propounded by Professor Asaph Hall is that in the ex- 
pression for the mutual gravitation of two bodies of 
masses m and which, according to the Newtonian law 

is of the form the exponent 2 should be increased by 

a very minute fraction. The value of the exponent which 
would produce the observed effect is 2.000 000 1612, so 
that the discrepancy is removed if we suppose the attrac- 
tion to be of the form ^.<2? fevi’ The effect of this 

modification would be insensible except in the motion of 
the pericentres of the heavenly bodies. The only rases 
in which it could be made evident by the century and a 
half of observations yet made are those of Mercury, the 
moon, and Mars. The jHjrihelion of Mars docs actually 
seem to be affected by the corresiKmding increase, which 
is about 5" *45 per century ; but this excess, though made 
very probable by the observations, is too minute to bo 
conclusively established. In the case of the moon’s 
lierigee the increase of motion would l)e 150" per century, 
a quantity too large to escape observation ; but unfortu- 
nately the theoretical determination of this motion has not 
yet been made with such precision that it may not be; 
affected by an error of this amount. The most refined 
determination is that recently made by Professor E. W. 
Brown, which does show a discrepancy of nearly the 
requir^ amount ; but the difficulties of the determination 
are such that a conclusive result has yet to be reached. 

We may sum up our conclusions on this point by say- 
ing that the discrepancy in the case of the perihelion of 
Mercury is well established, and that there is some reason 
to believe it a general rule that the motions of the pen- 
centres of the moon and planets are somewhat greater 
than the gravitation of other bodies is competent to pro- 
duce. Furthermore, it may be said that the simplest way 
of explaining the excess of motion is to assume that 
gravitation increases at a minutely greater rate than the 
inverse square. Many other modifications of the New- 
tonian law have been suggested, especially some of a form 
analogous to that of electro-magnetic action, but none of 
these consistently represent all the phenomena. 

(6) The other exception to which we allude occurs in 
the apparent mean motion of the moon around the e^rth, 
2 * 11 ^ which has now been observed with an approach 

mooa^M to modem precision since the year 1675, and 
raMA with less than modern precision from 1625 to 
motion. 1675. We have also eclipses of the sun and 
moon recorded by Ptolemy in the or observed 

by the medimval astronomers, by which the mean longi- 
tude of the moon may be followed for more than 2500 
years. No amount of research has yet reconciled ^ the 
results of these observations with gravitational theory. 
To make clear the existing state of the question, we re- 
mark that the inequalities in the motion of the moon are 
of two classes — ^those produced by the action of the sun, 


which are always of comparatively short period, and those 
produced by the action of the planets, which in excep- 
tional cases are of long period. If, in a period of twenty, 
thirty, or fifty years, the moon is found to be, in the 
general average, ahead oi her computed place, or behind it, 
we may say with certainty that the deviation is not due to 
the action of the sun, liecauao all the effects of this action 
would be comiHuisated within eighteen years. It has bf»eu 
known for a century that deviations of this character, which 
are called deviations of long period, really exist in the 
motion of our satellite. In the middle of the 19th century 
Hansen announced that ho had discovered two inequalities 
produced by the action of Venus, which completely recon- 
ciled these deviations. The theoretical computation of 
one of these inequalities has been re])eated by several 
investigators since Hansim, and his result confirmed ; but 
it has been shown that the other inequality has no exist- 
ence in theory, and that it was the result of imjHjrfections 
in the method employed by its discoverer. If any doubt 
could arise as to this conclusion, it is sot at rest by 
the discovery that Hansen was in error in supposing 
that his two inequalities, singly or combined, would 
represent the observed deviations. Since 1870 the 
action of the planets on the has bet‘n exhaustively 
treated by several investigators with the special object of 
deciding whether their gravitation could pioduce any in- 
equality of long iKiriod other than that of Hausen, but 
without result. The impossibility of any such ineciuality 
seems to be as well established as any pioposition i‘au bi* 
that relates to so complicated a subject. Another possiblt* 
cause of apparent inequalities is to be examined, namely, 
variations in the earth’s axial rotation. What we actualU 
observe is not the absolute motion of the moon, but the 
relation of this motion to the rotation* of the earth on its 
axis, on which we necessarily dejierid for our measure ot 
time. Let us now suppose this time of rotation to b»‘ 
increased by a very minute amount. Then the day will 
bo longer by this amount. The motion of the moon in 
one day will then seem to be greater than it was, though 
in fact there lias been no n;al change in it. If the rate 
of rotation is accelerated the opposite effect is produced, 
the day is shorter, the moon docs not move so far in a 
day, and so seems to ho retarded. The discrepancies 
in question cjin bo explained by variations always less 
than a second in a year, which, however, accumulate year 
after year, so that Ixifore the end of half a century the} 
might amount to twenty or thirty seconds of time. 

A decision between these two causes C4in bo reached 
only by observations on other bodies. In general, th(‘ 
celestial motions go on so slowly that their ^ 
amount during so brief an interval as twenty oi 

seconds cannot be certainly detected. Only the tutreury. 
moon, the planet Mercury, and Jupiter’s satellites 
move so rapidly that an accumulated eiTor of this amount 
in our measure of time might be brought to light by them. 
In the case of Jupiter’s satellites wo have to depend on 
the time of their eclipses, and the observations of these 
phenomena are so far from accurato tliat no conclusivt* 
result has yet been derived from them. But transits of 
Mercury over the sun’s disc have been observed witli 
greater or less accuracy since 1677. The present state of 
the question is presented in the following tables. The 
first column gives the mean dates of eclipses or other 
observations of the moon, and the second the moan excess 
of her observed mean longitude over that copiputed from 
the theory of her motion about these dates. In the third 
column this excess is given in time, and shows how far 
we must suppose the actual earth to be in advance of a 
uniformly revolving earth in order to account for the 
apparent excess. 


> 
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I. Ancient Eclipsee. 


Year. 

Deviation of longitude. Time in advance. 


/ 

m. 

B.O. 687 

+ 41-0 

-76 

B.C. 381 

12*1 

-22 

B.C. 189 

+ ire 

-21 

A.IJ. 134 

4 6-2 . . 

- 9 

846 

0-9 

- 2 

926 

4-3-1 

- 6 

986 

+ 0-4 

+ 1 


II. Modem Observatitais, 



It 

8. 

1625 

4- 157 

-26 

1650 

4 1-0.. 

- 2 

1675 

00 

0 

1700 

+ 37 

- 7 

1726 

+ 7-2 

-13 

1750 

4 14-6 

-26 

1776 

+ 21-5 

-39 

1800 

+ 21-2 

-38 

1825 

+ 197 

-36 

1850 

+ 90 

-16 

1875 

0-0 

0 

1900 

- 67 . . 

4 12 


These numbers show that either the moon was moving 
mows slowly, or the earth rotating more rapidly, through 
the whole 19th century, than during the iieriod 1675 
to 1775. To decide which was the case we must have 
recourse to transits of Mercury. The following table 
shows the excess of the observed times of tlie ingress and 
egress of Mercury in November transits ovin* the sun’s disc 
from 1677 to 1894. May transits are omitted, because 
they were not observed at the earlier dates. The last 
column gives the weights of the observations. 


1606 I 



Hncoiida. 

-47 

Weight. 
0 1 

.. K 



4 26 

01 

1697 E 



-25 

0 2 

1728 I 



- 8 

2-6 

1786 I 



- 9 

0-6 

,, K 



+ 1 

0-6 

1748 I 



0 

]*5 

» E 



3 

4 5 

1769 I 



7 

2-5 

„ K 



- 1 

0-5 

1789 I 



+ 10 

3 5 

.. K 



+ 6 

2 5 

1802 I 



4 4 

(i 0 

1822 1 



+ 11 

0 4 

.. E 



- 7 

2 5 

1848 I 



+ 7 

6 0 

» E 



f 7 

0-5 

1861 1 



4 12 

2 0 

„ E 
1868 I 



+ 11 

4 0 



+ 2 

0 6 

E 



- 5 

4-0 

1881 I 



- 6 

0 0 

„ E 



2 

6 0 

1894 I 



- 6 

6 0 

„ E 



+ 2 

6-0 


On the theory that the apparent variations in the 
motion of the moon really arise from changes in the 
earth’s rotation, the numbers of this table should, in a 
general way, correspond to those in the last column of the 
table ])recoding. Evidently such is not the case, since, if 
we take the weighted means of the deviations during 
the three periods 1677-1743, 1769-1822, 1861-1894, the 


Mean date 1737 A -f -4 *5 

„ ,, 1795 ,, t-2‘4 

,, ,, 1880 ,, +0*6 

Wo are tftorefore led to the conclusion that either the 
motion of the moon is aflected by some other cause than 
the giuvitation of other bodies, or mathematicians have 
not yet succeeded in rigorously computing the effect of 
this gravitation. 


Fundmn/enial A^tT(momiical ComtanU, 

The term constant is used in astronomy in a relative 
sense, most of the quantities thus designa^ being really 
subject to variation. The term is applied because the 
variations of these quantities are so slow that the quanti- 
ties may be regarded as constant for the periods of time 
over which computations usually extend. Some of these 
constants, especially those which relate to the motions of 
the earth and moon, are intimately related to the first 
principles of gravitational astronomy. We shall develop 
the fundamental principles of the subject, and show how, 
by means of them, the values of the constants may be 
derived. 

We begin by defining the units of those physical 
quantities which enter into astronomy. It will be re- 
marked that in physics three units are regarded 
as fundamental or arlutrary, while all others are 
derived from them by definition. These funda- 
mental units are those of length, mass, and time. In the 
system now most widely ado)>ted for physical investigation 
— that known as the C.G.S. system — the centimetre is 
taken as the unit of length, the gramme as that of mass, 
and the second as that of time. The same fundamental 
units of length and time may bo introduced in astronomy, 
but it will be more convenient to take the metro as the 
unit of length. The jmssage from the metre to the 
centimetre, and vice versdy is too simple to rcqtiire dis- 
cussion. The second may be taken as the unit of time 
for our present jmrpose ; but it is more convenient to 
take the unit of mass as a derived one. The astronomical 
units will then be as follows : — 

The units of time and length are arbitrary, the second 
and the metre being chosen unless otherwise expressed. 

Unit velocity is that which carries a point over unit 
space in unit time. 

The unit of mass is that the gravitation of which 
acting on an equal mass at distance unity would generate 
a unit of velocity in a unit of time. 

The unit of force is that which would generate a unit 
of velocity by acting on unit mass during a unit of time. 

To distinguish the preceding unit of mass from that of 
physics it is called the gravitational wiit. 

The physical unit of length, metre or centimetre, can 
be used in astronomy only to derive the values of ctjrtain 
astronomical constants, because, in practice, it is too short 
to use in expressing celestial distances. But by the use 
of logarithms wo may extend our physical measures over 
the celestial spaces without the use of unmanageably 
large numbers. Yet, in any case, the relations between 
the terrestrial measure and the distance of the eartli from 
the sun must always remain more or less doubtful. 
Hence it is necessary to adhere to the usual astronomical 
unit, namely, the mean distance of the sun, in ex])rcssing 
iiistances among all the lieavenly bodies except the moon. 

The relation between the arbitrary physical unit of 
mass, the gramme for example, and the gravitational 
unit, is a fundamental problem of physics. To 
ascertain it wo must measure the gravitation 
exercised by a known mass at a known distance. con 9 tmnU 
This will give us the attraction of a physical 
unit of mass at unit distance, a quantity known as the 
Newtonian constant of gravitation. Those older methods 
of determining this constant which rest upon the observed 
attraction of great masses of matter — mountains, for 
example — or upon the increase in the force of gravity 
found on descending into mines, are now entirely super- 
seded, owing to the uncertainty as to the density and 
arrangement of the masses whose action is measured. 
Recent determinations deiiend entirely upon the attraction 
of portable masses, such as spheres or blocks of lead. It 



739 


ASTRONOMY 


is impossible within the space of the present article to 
describe in detail the methods by which these determinar 
tions fiiave been made. There is probably no other 
physical experiment involving so many difficulties or 
requiring attention to such a multitude of minute details. 
Si^oaking in a general way, three methods have been 
applied in recent times. In the hrst, use is made of the 
torsion balance, consisting of a light rod suspended by its 
centre and canying a ball at each end, which is attracted 
by leaden masses. This is known as thu Cavendish 
experiment. The apparatus was descritel in the article 
on Astronomy in our ninth edition. The apparatus for 
the application of the second method is a pendulum 
suspended very slightly above its centre (»f gravity. This 
method is new, having so far only been employed by 
Wilsing of Potsdam. The third method, which is also 
now, consists in determining the changes in the weight of 
bodies produced by the attraction of the leaden masses. 
In the application of this method a clninge of weight of 
the small fraction of a millionth part is not only to be 
made evident, but actually measured; yet it has been 
successfully carried out by Poynting at the C^avendish 
Physical Laboratory, Cambridge. Ihvo determinations 
by this method have also been made in Ccnnaii), one by 
Jolly and the other by Kicharz and Krigar-Menzel. 

Notwithstanding the extraordinary delicacy of Poyiiting^s 
work, the torsion balance seems better ada])t(‘(l to the 
purpose, owing to the horizontal direction of the minute 
force measured. The results reached by Mr C. V. Boys, 
F.Il.S., at the Clarendon Physical Laboratory, Oxford, 
and l)r Carl Braun, B.J., at Mariaschein, Bohemia, are 
wonderfully accordant as well as self-consistent. Defining 
the gravitational constant as the attraction in C.C.^. 
units of one gramme of matter at one centimetre distance, 
thev are : — 

Boys: G.C. =6*65760~10« 

Brauu ss6*65786-rl0* 


As to accuracy, Boys conceives that his factor 6*6576 
cannot be more than 0*001, or at the outside 0*002, in 
error, while Braun estimates his jirobable error at 
±0*00168. The agreement of the two results is much 
i'loser than we should expect from these probable errors, 
which we may regard as practically equal The mean 


result — 


6*65773 -r 10 8 


may therefore bo accepted as the last word on the subject. 
From this may be derived the mean density of the earth 
by a process which we shall include in a general deter- 
inination of tho astronomical constants which ijcrtain to 
the mass, figure, and dimensions of the earth. 

The latest complete investigation of tho dimensious and figure 
in question is that of Clarke, to bo louml iii tho Knev* 
Maas ot iriL, ninth edition, article Eaiuii, Fig u he of. With 
j^eold* his uumbors wo give, for comparison, those of Bessel, 
which are still to a certain extent in use ; — 

Clarke. BeBsel C - B. 

Polar semi-axis . 6356616 ni. 6366079 m +436 

Equatorial semi-axis 6378249 m 6377397 m. +862 

Ellipticity . . 1-f- 293*46 1+299 15 

According to Helmert, the most recent measures of arcs in Europe 
and Asia indicate a diminution of Clarke’s ellipticity to Bessel s 
value, but tend to confirm his larger value of the equatorial semi- 
axis. The datum which we need for the solution of our problem 
is the attraction which tho earth would exert on a point at its 
surface if it were a perfect sphere composed of spherical layers ol 
ctiual density. In deriving this quantity a theorem in the attraction 
ot spheroids is introduced by which the force in question is found 
to be approximately equal to that of the actual earth at a jioiiit 

tho sine of whose geocentric latitude is For this point wo 


have— 

Geooentrio latitude . 
Geographical latitude 
The geometric mean of Clarke's 


. . =36“ 15' 62" 

, . =35“ 26' 43" 

three axes is 6370997 metres. 


His radios at geocentric latitude is 

p=6867368 m. + 10868 m. cos 2 0' + 14 m. cos 4 0'. 

For sin 0'— wo then have 


p=6370980, 

Helmort's general discussion of tho length of the secomra 
pendulum gives for its value in terras of the geographical latitude 0, 
L = 0*990918 in. (1+0*006310 sin'-* 0). 

This multiplied by t- gives for the intensity of gravity 
^=9*77'>97 in. (1 I 0*005310 sin- 0). 

This is the eaith’s attraction dmunisbed by the veitical component 
of the centrifugal force, nf which tho value is 
0*033!*2 p cos 0' cos 0. 

This expression for tho foico of gravity gives for the actual 
attraction of the earth at tho iiarallol ol 26' 43" 

9*79743 m. *0*2*263 m ^9*81996 m., 
which may bo taken as tho attraction of the whole moss of the 
earth, if concentratoil at its eontro or reduced to a sphere, uijou a 
body at distance 0370980 metres. Taking tlie metro as the unit 
of length, wo have for tho mass of tin? earth m tho astronomical 
units already defined 9*81996 x 6370980“, which gives for the total 
mass of tho cartii in gravitational measuru : 

Lofjanlkvi of the eaiih's tnaas-- 14 •6005*2*2. 

If, instead of tho metre, wo take the etutimctio as the unit, 

wo have Lotjaritlm of the eartlia 20 *600.522. 

In other woids, this is the logaiiLlim of tho gra\itation of the 
earth's mass at 1 ccntimetie distance expressed in r.G.S. units 
The corresjionding atti action of 1 giamme of matter being the 
number already stated, of which the logarithm is 8*8*23326, if 
follows that the logaritlim of tho earth’s mass in giamiiK's is 
20*600522- R*823326 ~ 27*777196. 

Clarke's diinonsions give for the logarithm of its volume ‘27 ‘031711. 
It follows that we have — 

jAujariihm of earth's 0*74*2485, 

whence density of eaith -5*5*270. 

This conclusion as to density supposes the wlioh. mass iiieluded 
ill the geoid. It will be diminished by allowing loi the cle\atiou 
of the continents, and increased if tho ocean bo excluded from the 
matter taken into account. 

SoniA of tho results lor the density found by the other mclhods 


arc as iullows : — 

MeUiAkl of Kjhing, 


Pojpting 

Kicharz and Menzel 


l) = r)*4934 
„5*69 
„ 5*506 


Methml of Pemlu/iun, 

Wilsing D = 5*579 

One of tho most inqiortant ahtronomical applications of the 
iirocoding results is the doteriiiiiiatioii of the mean 
distance of tho moon from the earth. Knowing tho Faniux 
masses vi and fit' «»f tho earth and moon, and the mean ® ® 

motion n of the latter m one scooml, its mean distunee moon. 

(* follows at oiico from tho well-known equation of tho 
elliptic motion, 

a w + m (Tin) 

)r V' 


M being tho latio of the In one second of menn t me the 

moon moves tlirongb an aic «l.o»c logarithm is_4 ^6159- 10. 
We shall presently Imd and have jmit pv " the 

value of log. vi from the bccoiids pnduliim. Vno then lind fro u 

the above ecpiatioii i. « r « i 

log a in metres = 8 *.5851 64 

whenee 384737 kilometics. 

The motion of tlic moon is so alibeted by tbo action of the sun 
that this imiiibor docs not rigorously represent the actual mean 
distance of the moon. Moreover, what is used lu astronomical 
iiractiee U the horuoutal parallax of the moon. 

* (Jravitetioiiid tbeoiy shows that the 

which wo call t., is comiwtcd witli tho above value of a by the rt- 





sill irg=l 000907 A 

oiiig the radius of the oaiLh. Using Clarke s enuatorial dia- 

^m.^to^ld^lOTI/outal parallax of tho moon = S7' 2-76". This 
lit is in good agreement with that of direct obrorvationa 
t IS interesting to remark that, if wo ro^rd tho dimensions of 
earth as unknown, observations of the sceonofc pendulum, 
ihmed with measures of tl.e moon s parallax, would onuhlc us 
tetermine them. The form of the equations wo have u^ to 
Brinino the earth’s mass and the moon’s distance^ show that, it 
express the earth’s radius in terms ol the moon s i»irallai, It 
/.mini out in the form 


» 
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k being a numerical constant. It follows from thia form that the 
ratio of error in Wq would be multiplied three times in the resulting 
value of p. As a matter of fact we can determine p with greater 
prujiortional j»reciBiou than the parallax, so that the logical course 
IS to determine ttq from p lather than the reverse. 

The fundamental gravitational relations on which the motions 
of preccNsioti and nutation de|jend may be stated as 
Prec9MMtoa follows ; — We put P, P'=lhc iiortioiis of the lunisolar 
mad jirccessioii in a Julian year, due to the action of the 

autaHoa, moon and sun respeotivoJy, Nssthc constant of 

iintation, the ratio of the mass of the inooii to that 

of the eaitli, ^ i A, C=rtho equatorial and polar moments 


C-A 


of inertia of the earth, y a quantity which may bo called 

the mechanical ellijiticity of the earth, and c=th6 obliquity of the 
ecliptic. 

Tiic tlicory of the moon’s motion and of its action on the earth 
give the following equations : — 

N - [5*40289] /i' yeose \ 

J' =-[5*97i»062] p' q cos «? V (1) 

r^l.a-725091 yeosc J 

111 these expressions q and p ! arc absolute constants to 1 ms deter- 
mined, while c varies slowly, but is known. Tlie values of N and 
ol IM P’ aie given by observation. At a conference of the 
directors of four national astronomical cplicmendes, held at Pans 
in 1 S9C, it was decided to adopt 

N =9*210'’. 

JJy a discussion iiiidoi taken at the request of the same conference 
it was found that, for the c])och 1900, 

P + P’ = 50*372‘r’ (2) 

Jm)!* the same epoch tlic obliquity is 

cr- 23^ 27' 8 26”. 

AVith these numerical values the etpiations (Ij and (2) are lour in 
iiiiiiibci, wliich sulHeo to determine p\ y, 1*, and P' for 1900. 

The solution gives the following result’s . — 

J uliun Your Kolar \ ear. 
Lunar precession f<»r lOuO 34*3877” 34*3870” 

.Solai ,, „ ,, 1.5*9812” 15*9838” 


Liinisolai 


50*3719” 


50*3706" 




Mass of moon— mass o! earth = 1-^81 *65. 

Kecoiit reseaich rnahles us lo compute the obliquity of the 
ecliptic at imst and future epochs w’lth nn error not 
® exceeding 1" pei Cijiitury eluiiscd. The result is shown 

ia ecliptic. loii„«.‘„g tol.lo : ' 


! \ iiai 

11.1’ 

1 

j Obliquity. 

j 

^ cur. 

A 11 

Obliquit) 

i 3000 

21 

1 

16*5 

i 0 

23 

41 

a 

42 4 

; 2900 

24 

0 

44*1 

100 

•23 

40 

57 9 

1 2800 

24 

0 

11*1 

200 

23 

40 

13 ] 

i 2700 

23 

.VJ 

37*5 

300 

23 

39 

28 1 

! 2600 

1 23 

59 

3*5 

400 

23 

38 

42*8 

1 2500 

23 

58 

28*9 

500 

23 

37 

.57*4 

1 2100 

. 23 

57 

53*7 

600 

23 

37 

11*8 

2300 

' 23 

57 

18*1 

700 

23 

36 

•26*1 

, 2200 

23 

56 

41*9 

800 

23 

35 

40*2 

, 2100 

23 

56 

5*8 

900 

23 

34 

54*1 

i 2000 

23 

55 

28*2 

1000 

23 

34 

7*9 

' 1900 

23 

54 

50*6 

1100 

28 

33 

21 *6 

1 1800 

1 ‘^3 

54 

12*5 

1200 

23 

32 

35*2 

1 1700 

23 

53 

34*0 

1300 

23 

31 

48*7 

1600 

23 

52 

55*1 

1400 

28 

31 

2*1 

! 1500 

1 23 

52 

15*8 

1500 

23 

30 

15*42 

MOO 

23 

51 

36*0 

1600 

23 

29 

28*69 

1300 

23 

50 

55*9 

1700 

23 

28 

41-9] 

1200 

23 

50 

15*3 

1800 

23 

27 

55*10 

1100 

. 23 

49 

34*4 

1900 

23 

27 

8*26 

1000 

23 

48 

53*1 

2000 

23 

26 

21*41 

900 

23 

48 

11*4 

2100 

23 

25 

34*56 

800 

< 23 

47 

29 4 

2200 

1 23 

24 

47*73 

700 

• 23 

46 

47*1 

2300 

23 

24 

0*91 

600. 

' 23 

46 

4*4 

2400 

I 23 

28 

14*13 

500 

23 

45 

21*5 

2500 

23 

22 

27*40 

400 

23 

44 

38 2 

2600 

23 

21 

40*73 

300 

23 

43 

54*7 

2700 1 

23 

20 

54*13 

200 

23 

48 

10*9 

2800 1 

23 

20 

7*61 

100 

23 

42 

26*8 

2900 

23 

19 

21*19 

0 

23 

41 

42*1 

3000 

23 

18 

31*87 


The obliquity was at a maximum about 7200 B.c., or 9100 years 
ago, when its value was 24'’ 13'. It will reach a minimum about 
9600 years hence, when its value will probably be betwe^ 22** 30' 
and 22" 40', but cannot he more exactly stated. 

Tfte Solar ParallaXc 

The problem of the distance of the sun has always been 
r^rdod as the fundamental one of celestial measurement. 
The difficulties in the way of solving it are very great, 
and up to the present time the best authorities arO not 
agreed as to the result, the effect of half a century of 
research having been merely to reduce the uncertainty 
within continually narrower limits. The mutations of 
opinion on the subject during the last fifty years have 
been remarkable. U]) to about the middle of the 19tli 
century it was supposed that transits of Venus across the 
disc of the sun afforded the most trustworthy method of 
making the determination in question ; and when Enckc 
in 1824 published his classic discussion of the transits of 
1761 and 1769, it was sujiposed that wo must wait until 
the transits of 1874 and 1882 had been observed and 
discussed before any further light would be thrown on the 
subject. The jiarallax 8*5776" found by Encke was 
tlierefore accepted without question for several* decades. 
Doubt was first thrown on the accuracy of this number by 
an announcement from Hansen in 1862 that the observed 
jiarallactic inequality of the moon was irreconcilable with 
the accepted value of the solar [larallax, and indicated the 
much larger value 8*97". This result was soon apparently 
confirmed by several other researches founded both oji 
theory and observation, and so strong did the evidence 
appear to be that the value 8*95" was adopted in the 
Nautical Almanac for a number of years. The most 
remarkable feature of the discussion since 1862 is that 
the successive examinations of the subject have led to a 
continually diminishing value, so that at the present time 
it seems possible that the actual parallax of the sun is 
almost as near to the old value of Encke as to that which 
first rexilaced it. 

Five fundamentally different methods of determining 
the distanc.e of the sun have been worked out and ajiplied. 
They are as follows : — 

I. From measures of the ]>arallax of either 

Venus or Mars the parallax of the sun can be gatamtioa, 
immediately derived, because the ratios of dis- 
tances in the solar system are known with the last degree 
of precision. IVansits of Venus and observations of various 
sorts on Mars are all to be included in this class. 

II. The second method is in principle extremely simple, 
consisting merely in multiplying the observed velocity of 
light by the time which it takes light to travel from the 
sun to the earth. The difficulty is to determine the time 
in question. 

III. The third method is through the determination of 
the mass of the earth relative to that of the sun. In 
astronomical practice the masses of the planets are 
^'ommonly expressed as fractions of the mass of the sun, 
the latter lieing taken as unity. When wo know the mass 
nf the earth in gravitational measure, its product by the 
denominator of the fraction just mentioned gives the mass 
of the sun in gravitational measure. From this the 
distance of the sun can be at once determined by the 
fundamental equation of planetary motion. 

IV. The fourth method is through the parallactic 
inecjuality in the moon’s motion. This method was 
described in the ninth edition of the Eucy* Brit 

•V. The fifth method consists in observing the displace- 
ment in the direction of the sun, or of one of the nearer 
l>luncts, due to the motion of the earth round the common 
centre of gravity of the earth and moon. It requires a 
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precise knowledge of the moon’s mass. The uncertainty 
of this mass impairs the accuracy of the method. 

I. Tb begin with the results of the first method. The 
transits of Venus observed in 1874 and 1882 might be ex- 
pected to hold a leading place in the discussion. 
IfvHau*. P'lrely astronomical enterprise was ever 
carried out on so large a scale or at so great an 
expenditure of money and labour as was devoted to the 
observations of these transits, and for several years before 
their occurrence the astronomers of every leading nation 
were busy in discussing methods of obw^rvation and 
working out the multifarious details necessary to their suc- 
cessful application. In the jireceding century reliance was 
placed entirely on the observed moments at which Venus 
entered upon or left the limb of the sun, but in 1874 it 
was possible to determine the relative positions of Venus 
and the sun during the whole course of the transit. Two 
methods were devised. One was to use a heliometer to 
measure the distance between the limbs of V(3nus and the 
sun during tlie whole time that the jilanot was seen 
projected on the solar disc, and the other was to take 
photographs of the sun during the period of the transit 
and subsequently measure the negatives. The Germans 
laid the greatest stress on measures with the heliometer ; 
the Americans, English, and French on the jihotograjihic 
method. These four nations sent out well -equipped 
expeditions to various quarters of the globe, both m 
1874 and 1882, to make the required observations; but 
when the results were discussed they were found to be 
extremely unsatisfactory. It had been supposed that, 
with the greatly improved telescopes of modern times, 
I'ontact observations could be made with much greater 
])recision than in 1761 and 1769, yet, for some reason 
which it is not easy to explain completely, the modern 
observations were but little better than the older oiuis. 
Discrepancies difficult to account for were found among 
the estimates of even the best observers. The plmtographs 
led to no more definite result than the observations of 
contacts, except {)orha})s those taken by the Americans, 
who had adopted a more complete system than the 
Europeans ; but even these were by no means satisfactory. 
Nor did the measures made by the Germans with helio- 
meters come out any better. By the American photo- 
graphs the distances between the centres of Venus and 
the sun, and the angles between the line adjoining the 
centres and the meridian, could bt? separately measured 
and a separate result for the parallax derived from eacli. 
The results were : — 


Transit of 1874 
Transit o/*1882 


Distances ; 
Pos. angles 
Distances ; 
Pos. angles 


jiar. =8-888". 
„ =8-873". 
„ =8-873". 
„ ^-8-772". 


The German measures with the heliometer gave ap- 
parently concordant results, as follows : — 

Transit o/* 187 1 : par. = 8 *87 0". 

TransU of 1882 : „ =8*879". 


The combined result from both these methods is 8*857", 
while the combination of all the contact observations 
made by all the parties gave the much smaller result, 
8*794". Had the internal contacts alone been used, 
which many astronomers would have considered the projwr 
course, the result would have been 8*776". 

In 1877 Gill organized an expedition to the Island of 
Ascension to observe the parallax of Mars with the 
Ptmiftmry holiometer. By measurements giving the 
parmh position of Mars among the neighbouring stars 

lax9B, in the morning and evening, the effect of 

parallax could be obtained as well as by observing from 
two different stations ; in fact the rotation of the earth 
carried the observer himself round a parallel of latitude, 


so that the comparison of his own observations at different 
times would give the same result as if they hod been 
mode at different stations. The result was 8*78". The 
failure of the method based on transits of Venus 
led to an international effort carried out on the 
initiative of Sir David Gill to measure the |)aralhix 
by observations on those minor planets which ai)proach 
nearest the earth The scheme of observations y^m 
organized on an extended scale. The three l)odies chosen 
for observation were. Victoria, 10th June to 26lli 
August 1889, Iris, 1 2th Octolxjr to 10th December 1888, 
and Sappho, IStb ScptcmlxT to 25th October 1888. 
The distances of thew' bodies at tlie times of opposition 
were somewhat less than unity, though more than twice 
as great as that of Mars in 1877. The draw^back of 
greater distance was, however, in Gill’s opinion, more than 
compensated by tlie accuracy with which the observations 
could be made. The instruments used were hcliometers, 
the construction and use of which lisul been greatly 
improved, largely through the efforts of Gill himself. 
The planets in (picstion appeal'd in the telescope as stfii- 
like objects which could be cf»in]>ared with the stars 
with much greater accuracy' lUaii a planetary disc like 
that of Mars, the apparent Ibrin of which was chang(^d 
by its varying phase, due to tlie different directions of the 
sun’s illumination. These observations wen 3 worked up 
and discussfid by Gill with gnnit elaboration in tin* Annals 
of ifw Ca/te Ohservafort/, vols. vi. ainl vii. The results 
were for th(i solar parallax tt ; 

From Victoiia, w “8*801" f-0*(J06 . 

Sappho. TT - 8 798" -fO Oil". 

,, Ins, TT S*S12"T 0*009". 

The general moan result was 8*802". From the nuTidian 
observations of the sitme jdanets inaile for the pnr]>ose 
of controlling the elements of motion of the planets 
Auwers found 7r=: 8 *806'. All other methods of directly 
measuring the ]mrallax fall so far l>chind this in certainty 
that we may regard Gill’s result as the host yet derived 
from measurement. But the difficulties of the measures 
are such that other metln^ds may b(‘ yet lietter and in any 
case arc not to be neghn-ted. 

11. The vehxiity of light has been measured with all 
the precision necessary for the pur]»oHe. The latest 
result is 299860 kilometres [)cr second, with a 
j»robablc error of ])erhaps 50 kilometres ; that is, 
almut the ten-thousandth jiart of the <|uantity 
itself. This degree of precision is tar beyond any w*e can 
hojKJ to reach in the solar parallax. The other clement which 
enters into consideration is the time required for light to 
pass from the sun to tin' earth. Here no such precision 
can be attained. Both direct and indirect methods are 
available. The direct method consists in observing the 
times of some momentary or ra))idly varying celestial 
phenomenon, as it appears when seen from opposite points 
of the earth’s orbit, the only plienomciia of the sort avail- 
able lieing eclipses of .lu)nter’s .satellites, especially the first. 
Unfortunately these eeliiiscs arc not sudden but slowly 
changing jihenoniena, so that they cannot be observed 
without an error of at least several sexionds, and not in- 
frequently important fractions of a minute. As the entire 
time rccpiired for light lo pass over the radius of the 
earth’s orbit is only about 500 seconds, this error is fatal 
to the method. The indirect method is derived from the 
observed constant of alierration or the displacement of the 
stars duo to the earth’s motion. The minuteness of this 
dispUcemont, about 20*50", makes its precise determina- 
tion an extremely difficult matter. The most careful 
determinations are affected by systematic errors arising 
from those diurnal and annual clianges of temperature, 
the effect of which cannot be wholly eliminated in 
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astronomical observation, and the recently - discovered 
variation of latitude has introduced a new element of 
uncertainty into the determination. In consequence of it, 
the values formerly found were systematically too small by 
an amount which oven now it is difficult to estimate with 
l>reci8ion. Struve’s classic number, universally accepted 
during the second half of the 19th century, was 
20*445". Serious doubt was first cast upon its accuracy 
by the observations of Nyreii with the same instrument 
during the years 1880-82, but on a much larger number 
of stars. llis result, from his observations alone, was 
20*52" ; and taking into account the other I*ulkowa results, 
ho concluded the most probable value to be 20*492". In 
1895 Chandler, from a general discussion of all the 
observations, derived the value of 20*50". Since then, 
two elaborate series of observations made with the zenith 
tc}h'S(’(j|)c for the purpose of determining the variation of 
latitude and the constant of aberration have been carried 
on by Professor Doolittle at the Flower Observatory near 
1 Philadelphia, and Professor Rees and his assistants at the 
o})servatory of Columbia College, New York. Each of 
these works is self-consistent and seemingly trustworthy, but 
there is a difference between the two which it is difficult 
to account for. Rees’s result is 20*47" ; Doolittle’s, 20*56". 
This last value agrees very closely vrith a determination 
made by (Jill at the Cajie of Good Hope, and most other 
recent determinations give values exceeding 20*50". On 
the whole it is probable that the value exceeds 20*50"; 
and so far as the results of direct observation are con- 
cerned may, for the present, be fixed at 20*53". The 
corres])ondjng value of the solar parallax is 8*777". In 
addition to the doubt thrown on this result by the dis- 
crepancy between various determinations of the constant 
of alxsrration, it is sometimes doubted whether the latter 
constant necessarily expresses with entire precision the 
mtio of the velocity of the earth to the velocity of light. 
While the theory that it does seems highly probable, it 
cannot be regarded as fully established. 

111. The combined mass of the earth and moon admits 
of being dciterminod by its effect in changing the position 
of the plane of the orbit of Venus. The motion 
tlVeartJb plane is found with great 

exactness from observations of the transits of 
Venus. So exact is tlie latter determination that, were 
there no wciak j)f)int in the subsequent jmrts of the process, 
this method would give far the most certain result for the 
solar parallax. Its weak ^loint is that the apparent 
motion of the node depends partly upon the motion of the 
ecliptic, which cannot be determined with equal precision. 
Notwithstanding this drawback the elements of admissible 
error s(?em smaller by tins method than by any other. 
The derivation of the distance of the sun by it is of such 
interest from its simidi city that wo shall show the computa- 
tion. 

Prom th(^ observed motion of the node of Venus, as shown 
by the four transits of 1701, 1769, 1874, and 1882, is found 

Mass of (puith j-mooii')- 

332600 

Wo have already found in gravitational units of mass, based on 
the metro and second as units of length and time. 

Log. earth’s mass = 14*60052 
,, moon’s ,, =] 2*6895. 

The sum of tlio eorresjionding numbers multiplied by 332000 
gives 

t Log. sun’s mass =20*12773. 

Putting a for the mean distanoo of the earth from the sun, and 
n for Its mean motion in one second, wo use the fundamental 
equation 

Mq being the sun’s mass, and M' the combined masses of tbe earth 


and moon, which are, however, too small to affect the result For 
the mean motion of the earth in one second in circular measure, we 
have ^ 

"= 3Wi T » •> 

the denominator of the fraction being the number of seconds in the 
sidereal year. Then, from the formula 

.a-.ALo=PO*12778] 

- 15*59814 

we find 

Log. a in metres = 11*17653 

Log, cquat. rad. 0 6*80470 


Sine 0’8 oq. hor. par. 5*62817 . 

Sun’s oq. hor. par. 8*762". 

The writer regards this as at piesent the most trustworthy of all 
the methods of determining the distance of the sun. 


IV. The determination of the solar iiarallax through the 
parallactic inequality of the moon’s motion also involves two 
elements— one of observation, the other of purely 
mathematical theory. The inequality in question 
lias its greatest negative value near the time of the 
moon’s first quarter, and the greatest positive value near the 
third quarter. Meridian observations of the moon have been 
heretofore made by observing the transit of its illuminated 
limb. At first quarter its first limb is illuminated ; at 
third quarter, its second limb. In each case the results of 
the observations may be systematically in error, not only 
from the uncertain diameter of the moon, but in a still 
greater degree from the varying effect of irradiation and 
the personal equations of the observers. The theoretical 
element is the ratio of the parallactic inequality to the 
solar parallax. The determination of this ratio is one of 
the most difficult problems in the lunar thefiry. Using 
Hansen’s determination, the values of the solar parallax 
derived from three indejiondent scn*ies of observations of 
the moon are : — 8*802" (from Greenwich and Washington 
meridian observations) ; 8*789" (Battermann, from occulta- 
tions of stars by the moon) ; 8*767" (Franz, from observa- 
tions of a lunar crater), (living these three results the 
respective weights 5, 2, and 1, the result is 8*794”. But 
the most recent and as yet unfinished researches of E. W. 
Brown and G. W, Hill throw doubt on the precision of 
Hanson’s theoretical ratio. If the latter is corrected by 
the work of these investigators, the value of the solar 
parallax derived by this method is reduced to about 
8*773”. 


V. The fifth method is, as we have said, the most un- 
certain of all ; it will therefore suffice to (][Uote 
the result, which is 

7r:-8*818”. 


Motion of 
onrtb. 


The following may be taken as the most probable 
values of the solar parallax, as derived inde|)ondently by 
the five methods we have described : — 

From measures of parallax . 8*802" 

,, velocity of light . . 8*777" 

,, moss of the earth . . 8*762" 

„ par. ineq. of moon . 8*773" 

,, lunar equation . . 8*818" 

The question of the possible or probable error of these 
results is one on which there is a marked divergence of 
opinion among investigators. Probably no general agree- 
ment could now be reached on a statement more definite 
than this ; the lost result may be left out of consideration, 
and the value of the solar parallax is probably contained 
between the limits 8*77" and 8*80". The value 8*80" was 
chosen at the Paris conference of 1896, and is now gene- 
ralfy adopted in astronomical ephemerides. The most 
likely distance of the sun may be stated in round numbers 
as 93,000,000 miles. It is possible that observations of 
Eros, the remarkable asteroid of which we have already 
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spoken, may settle the question ; but there is no prospect 
of its l^ing soon settled in any other way. 
u 

Variation of Latitudes, 

The development of an important feature of the rotation 
of the earth is due very largely to the investigations of 
S. C. Chandler. This is a minute periodic change in the 
point at which the axis of rotation intersects the earth’s 
surface ; that is, in the position of the pole of the earth. 
The result is a variability of the terrestrial latitudes 
generally. 

To mako clear the nature of the movement in question we must 
begin with a statement of some results of theory. Let £Q (see 
2) represent the section of an oblate spheroid 
uynmemi through its shortest axis, PP. Wo may consider this 
lawoijr, gpheroid to be tliat of the earth, the oflipticity being 
matly exaggerated. If it is set in rotation around its axis of 
nguro PP, it will continue to rotate around that axis for an 

indefinite time. But 
suppose that instead of 
rotating around PP it 
rotates around some 
other axis, RR, making 
a small angle, POR, 
with the axis of figure 
l*P ; then it has been 
known since tlie time 
of Kuler that the axis 
of rotation RR, if re- 
ferred to the spheroid 
regarded as fixed, will 
gradually rotate round 
the axis of figure PP iii 
a period defined in the 
following way : —If vre 
put C = the moment 
of momentum of the 
spheroid around the axis 
of figure, and A^the 
corresponding moment 
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around an axis passing through the equator EQ, then, calling one 
day tlio period ol lotatiou of the spheroid, the axis RR will make a 
revolution around PP iii a number of days represented by the fi ac- 
tion C/C - A. In the case of the earth we have found that the 
inverse of this ratio is 0 ‘00*3281 3. It follows that the jieriod in 
question is 305 days. It has for more than half u century been 
recognized as possible that the axis of rotation uf the earth might 
nut coincide with its axis of figure, and, in consequence, that such 
a rotation as this might be going on. 

The latitude of a point on the earth, as determined by 
astronomical observations, is determined w’ith resjioct to the axis 
of rotation RR, and not with reference to PP, because the latter 
cannot be fixed by any direct method. Ucnco, if such a change in 
this axis wore going on, it was supposed that there would be a 
harmonic variation of the latitudes of all jioints of the earth’s sur- 
face in a period of about 306 days. Up to 1890 the most careful 
observations and researches failed to atlW evidence of a rotation 
in this period, though tliere was strong evidence of a variation of 
latitude. Observations for the value of the constant of aberration 
made at Pulkowa and Berlin between the years 1880 and 1890 
seemed to show that the latitudes of those places did actually 
change from time to time to the amount of about half a second of 
arc. Chandler, from an elaborate discussion of these and a great 
number of other observations, showed that there was really a 
variation of the latitude of the points of observation ; but, instead 
of the period being 305 days, it was about 428 days. At first 
sight this period seemed to be inconsistent with dynamical theory. 
But a defect was soon found in the latter, the correction of which 
reconciled the divergence. In deriving a period of 305 days the 
eartli is regarded as an absolutely rigid body, and no account is 
taken either of its elasticity or of the mobility of tlie ocean. A 
study of Fig. 2 will show that the centrifugal force round the 
axis RR will aot on the equatorial protuberance of the rotating 
earth so as to make it tcnil in the direction of the arrows. A 
slight deformation of the earth will thus result ; and the axis of 
figure of the distorted spheroid will no longer be PP, but a line 
FP’ between PP and RR. As the latter moves round, P'P' will 
continually follow it through the incessant change of figure pro- 
duced by the change in the direction of the centrifugal force. 
Now the rate of motion of RR is determined by the actual figure 
at the moment. It is therefore less than the motion in an 
absolutely rigid spheroid in the proportion RF : RP. It is found 
that, oven though the earth were no more elastic than steel, its 


yielding combined with the mobility of the ocean would mako this 
ratio about 2 : 3, resulting in an increase of the period by ono-half, 
making it about 457 days. Thus this small flexibility is even 
greater than that neoessar^r to the reconciliation of olisorvatioii 
with theory, and the earth is shown to be more rigid than stool — 
a conclusion long since announced by Kelvin, foi other reasons. 

Chandler afterwards made an inqiortant addition to the subjc*ct 
by showing that the motion was represented by the superposition 
of two harmonic terms, the lirst having a period of ,, . 
about 430 days, the other of one year. In order to ^ 
state his conclusion we heve to express the position of * 
the |iole of rotation on tlie earth’s suifaco relative to the mean 

? ole. Let us repiescnt the fixed position of the latter by 0, while 
represents the position of the movable pole. We then liave to 
express the |>usition of P relative to 0 in terms of the time. Let 
us imagine two cu-ordinate axes going out from O— the one towards 
Greenwich, the other in 90" E. longitude. We represent the 
co-ordinate in the direction of Greenwich by y, that in the direc- 
tion 90* E. by X. Then P revolves louiid 0 in a direction from 
west tow‘ards east in a curve such that the co-ordinates of P may 
be expressed in the form 

aj-rsin + 0*1 Tain (0 + 60®) 
y = rco8^^ + 0 ll"cos0 

0 being the sun’s mean longitude, and r and 0 quantities which 
Chandler believes to be slowly variable. Ho rcpiestuits the varia- 
tions in terms of an angle x having a period of 24,000 days, or 
a daily motion of 0*015 j of which iho value was 0“ at the date 
31st March 1865. At this date tlo polo P passed the meridian of 
Greenwich. If only the first tei ins of x and y nro included, the 
other dates T of passage — that is, the dates whon Ot is a multiple 
of 360® — are by the equation 

T = 1 865 *25 + 428 ‘O'* E + 664 sin x, 

K being an entire number, expressive of the luimbci of periods 
from 1865*25. 

Ho also finds 

r=0‘1.3r/' + 0‘05"Binx 

Pciiod ~ 128 ‘O'* + 5 *26'* cos x 
300® 

Pei lod* 

The angle x ^ ^ ]mrelv empirical quantity, introduced to represent 
^uLst observations. Tliere can be no certainty that it will ropre- 
bont future ones. 

If the gnp]>oscd variation of r and P or 9 aie unreal, the motion 
of the angle 0t is 0*843 ’ per dav, the period about fourteen months, 
and r= 0*148", The expressions for x and y then become 

ar == 0 *148" sin 0 *84 3“ ^ + 0 *1 1 " sin ( 0 + 30“) 
y •:= 0 *148" cos 0 *843" # f 0 1 1 " cos 0, 

the time t being counted in days from the day 2412646 of the 
Julian period or Ist July 1893. The difference of 30" between the 
sino and cosine arguments of the annual term shows that this term 
represents an elongated ellipse. 

The variation of the latitude of any place of which the longitude 
cast of Greonwrich is X is given by the loriiuila 
0 - = y sin \ "- y cos X 

0 being the insiautaiioous, and 0o the mean latitude. 

While there can no doubt as to the reality of the 
fourteen-month term, there is not as yet a general agree- 
ment as to the amount and nature of the annual 
term. It is difficult to dotermine the latter 
with certainty, k^caiise the eftect of the diurnal elusions. 
variations of the temi>erature of the instrument 
and the atmosjihere, which cannot be accurately ascertained 
and allowed for, might lead to minute apparent terms 
having a period of a year. The reason of this is, that the 
observations have to be made upon stars while they are 
crossing the meridian ; in the case of any one star, the 
transit occurs at all liours of the day in succession in the 
course of twelve months. I’oi* example, a star which at 
midsummer would be observed at six in the morning 
would, at midwinter, be observed at six in the evening, 
when the conditions might be materially different. The 
present state of the question, so far as theory^is concerned, 
may be summed up as follows : — 

(1) The fourteen-month term is an immediate result of 
the fact that the axes of rotation and figure of the earth 
do not strictly coincide, but make with each other a 
small angle of which the mean value is about 0*15". If 
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the earth remained invariable, without any motion of 
matter on its surface, the result of this non<coincidence 
would be the revolution of tlie one pole round the other 
in a circle of radius 0*15" in a j)eriod of about 429 days. 
This revolution is called the Mulerian nwiion^ after the 
mathematician who discovered it. But owing to meteoro- 
logical causes the motion in question is subject to annual 
changes. These changes arise from two causes — the one 
statical, the other dynamical. 

(2) Tile statical causes are deposits of snow or ice slowly 
changing the position of the pole of figure of the earth. 
For exainjile, a deposit of snow in Siberia would bring the 
e(juator of figure of the earth a little nearer to Siberia 
and throw the pole a little way from it, while a deposit 
on the American continent would have the opposite effect. 
Owing to the approximate symmetry of the American and 
Asiatic continents it does not seem likely that the in- 
etiuality of snowfall would produce an appreciable effect. 

(.*1) The dynamical causes are atmospheric and oceanic 
currents. Were these currents invariable their only effect 
would be that the Eulcrian motion would not take place 
exactly round the mean polo of figure, but round a point 
slightly separated from it. But, as a matter of fact, they 
are subject to an annual variation. IIenc(i the motion of 
the ]>ole of rotation is also subject to a similar variation, 
^rhe annual term in the latitude mav be readily accounted 
for in this way. But it seems unlikely that a motion 
thus produced should have a sensible eccentricity. Tt 
therefonj appears at present more likely that the seeming 
ecc(‘ntricity of the annual motion is unreal and due to the 
cause already mentioned. 

(4) Bix Kulenan periods are very nearly wiven years. 
In conseipience, the effect of the annual cliange is to pro- 
duce an inequality in the amplitude having a period of 
seven years. During one i>art of this jHjriod the distance 
of the two polos is nearly double, bcung increased to 0*25" 
or O’.’IO". At another part of the period, three and a half 
years later, the motion almost ceases. Times of greatest 
motion were in 1890-92, anil again in 1897-99 ; of least 
motion about 1894, 1901, 1908, <kc. 

BeHidoH Chandler, Albrecht of Berlin has iuveatigatod the motion 
of the pole F*. The methods of the two ostrunoinors are in Home 
points aifforent. (Chandler has constructed empirical formula* re- 
presenting the motion, with the results already given, wdiile 
Alhrecht has determined the motion of the pole from observa- 
tion simply, without trying to represent it either by a formula or 
by theory. It is noteworthy that the difference between Albrecht’s 
iiunioncul results and Chandler’s formula} is generally less than 
0*05". i 


Masmsy ^£r., of the Planets and Satellites. 


The elements, masses, and other jiarticulars relating to 
the major planets and their satellites, so far as these 
were known in 1875, are given in the AWy. Brit,, ninth 
edition, vol. ii. jq). 782-83, and the adopted elements of 
most of these bodies have been so slightly changed that a 
repetition of them is not deemed necessary. What we 
shall now present is a resume of the masses, diameters, and 
other more important constants whi(;h have lieen worked 
out to the present time, necessarily limiting our review to 
what may be considered the best-established results. For 
ordinary a8tronoinii}al purposes the masses are not ex- 
pressed in terms of the gravitational units already defined, 
but 08 fractions of the sun’s mass taken as unity. This 


fraction is commonly written in the form \ /jl being the 

number of times that the sun’s mass exceeds that of the 
planet. The masses of the satellites are expressed in the 
same form in terms of the mass of the primary. 

The minuteness of the planet Mercury and the absence 
of a satellite make the determination of its mass difficult 


Mercuty, 


and uncertain. In the new planetaxy tables issued from 
the office of the Amtrtean Nautioed Ahnamac, and now 
most used, is taken as 6000000. Other values • 
of the mass are generally less than this, rang- 
ing up to 10000000 or more. G. W. Hill, from a con- 
sideration of the probable density, finds values ranging 
from 10194200 to 10826200. The uncertainty of the 
diameter renders this result uncertain ; an increase of one- 
tenth in Hill’s adopted diameter, 6 *68", would increase 
the resulting volume by one-third and the mass by nearly 
one-half. The value 7500000 seems as likely as any. 
The best values of the diameter are those found during 
transits over the sun’s disc. Todd, with double-image 
micrometer, found the value 6*604" (Aal), and Barnard, 
with filar micrometer, 6*126". Both results are liable to 
be too small from the effects of irradiation. Off the sun’s 
disc, results of measures with the filar micrometer are 
Lowell at Flagstaff 7*4", and Barnard at Mount Hamilton 
6*14". 

The mass of the planet Venus derived from all the 
observations of the sun and Mercury, and adopted in the 
new })lanetary tables, is ft « 408000. It is not 
likely to be in error by 1 per cent, of its 
amount. For the angular diameter at distance unity 
Auwers, from heliometer measures during the transits of 
1874 and 1882, found the value 16*820" ; Newcomb, from 
double-image micrometer measures during the transit of 
1882, that of 16*88"; Barnard, off the sun from measures 
near inferior conjunction, 17*397" ; and German observers, 
with the heliometcr, 17*30". This difference between the 
results of measures on and off the sun might be attributed 
to irradiation ; but it is singular that a comF>an8on of 
numerous measures made at widely different distances 
from the earth seems to indicate the anomaly of negative 
irradiation, the diameters measured at the greater distances 
being pr()iK)rtionately too small instead of too large. 

The mass of the moon has been already derivc»d as one 
of the fundamental constants. The most exact value of 
the diameter is that derived from the occulta- 
tions of groups of stars, especially when the 
moon is totally liclipsed. From occultations of the Pleiades 
J. Peters found, for the mean semi-diameter 15' 32*49"; 
Stnive, from occultations during total eclipses, 15' 32*65"; 
while the most likely value, as concluded by Peters, is 
15' 32*59". As the ajiparent diameter varies with the 
distance, and can be computed only when the moon’s 
parallax is known, it is common to express the moon’s 
diameter in terms of that of the earth as unity. From 
the value of the parallax already found, it follows that 


Moon, 


D iamet er of m oon 
Eq. diam. of onrth 


= 0*272480. 


For particulars as to the motion of the moon, see article 
Moon. 

The motions of the orbital planes and of the i^eri- 
centres of the satellites of Mars offer interesting })roblems 
to both the observing and the mathematical 
astronomer. These problems have been most 
successfully attacked by Hermann Struve in a 
memoir presented to the St Petersburg Academy in 1898. 
The preliminary results of theory may first bo set forth : — 


Lot M (Fig. 3) be the |K>le of rotation of Mars, 0 the pole of the 
orbit of that planet, and S the pole of the orbit of one of its 
satoUites, all projected on the celestial sphere. The arc OM of the 
sphere will then be equal to that between the equator of Mars and 
the piano of its orbit ; SO will be equal to the inclination of the 
orbit of the satellite to that of the planet, and SM to the inclina- 
tion bf the same orbit to the equator of Mars. In consequence of 
the action of the sun, the pole S moves constantly in a direction at 
right angles to OS, as shown by arrow a ; while the elHpticity of 
Mars gives it a much more rapid motion in a direction at ri^bt 
angles to MS, os shown by the other arrow b. The actual motion 
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is the resultftnt of these two oomj^ents, and is such as to oarrv 
S round in a circle, of which the centre is at a third point F. 
This centre ia the pole of a certain plane called the ** fixed plane ** 
of the satsllite orbit, which makes but a small angle with the plane 
of the planet's eauator. The position of the plane of Mars's equator 
lelatiye to the plane of the orbit has been found in two ways— 



Fig. 3. 


from measures on the polar spot, giving the position of the pole of 
rotation, and from observations of the satellites. The best result 
of this first method is derived by combining the results of 
Schiaparelli and Lohae. H. Struve has applied the second. The 
results are, for the inclination of the equator of Mars to that of 
the earth, 

Josd6'42‘' (Schiaparelli and Lohso) 

Jo^Sr* 27*1' -0*289' (f-1880) (Struve) ; 

and for the longitude of ascending node of equator on that of the 
earth, 

No =48 *26” (Schiaparelli and Lohse) 

No=47” 5*r + 0*463' (^-1880) (Struve). 


Struve also finds, from the motions of the pericentres of the 
satellites, ellipticity of Mars = 1/190*4 ; but owing to a doubt as to 
the revolutions of the pericentre of Phobos, this possibly should be 
1/178. 

In representing the elements of the orbits of the satellites, the 
following notation is used : — 

Ji, inclination and node of the ** fixed plane" of the 
satellite's orbit, referred to the earth’s equator for the epoch 
1880 ; J, N, the same for the orbit of the satellite ; Lq, the mean 
lonmtude at the epoch 1894 October, 0*0 Greenwich mean time ; 

the tropical mean daily motion ; a, the angular semi-m%jor axis 
of the orbit, as seen from distance unity ; ir, the longitude of the 
pericentre on the equator of Mars ; s, the eccentricity ; K, an 
angle varying uniformly with the time, whoso rate of motion is 
equal to that of the pericentre, and of the node of the satellite's 
orbit on the fixed plane ; and f, the time in yearn from 1894*80. 

The numerical values of the elements as found by Struve 


ore : — 
K 

k 

(N-N 
J-Jj 
Lq 
n . 
a , 



IHitmo.. 

29'8’-8'375'’« . 


36” 46*6' . 


46” 2*6' . 

i) sin J 

r 87*6' sin K . 

1” 87*6' cos K . 


186*25”. 


285*16198” . 


82*373" . 


231” + 6 *376” ^ . 

. 

0*0031 

he values of a follows : — 


Fliobos. 

358*7” -158”*0f 
37” 26 -r 
47” 5*0' 

0” 53*l'8inK 
0“ 63*1' cos K 
296*13” 
1128*84396^ 
12*938” 

272*6” + 158”*0< 
0*0217 


Mass of M ars _ 1 

Mass ot sun 3090000' 


Professor Hall's figure, now generally used in astronomy, is 
1/3093500. 


Schur has measured the diameters of Mars with the heliometer, 
Barnard with the filar micrometer. The results for the equatorial 
and polar diameters, as seen from distance unity, are : — 

Bquat. Polar. 

Schur . ... 9*526" 9*325" 

Barnard 9*673" 9*581" 


Each value of the ellipticity is markedly greater than that found 
by Struve from the motion of the pericentre of Phobos. 

The minor planets individually are too minute to exert 
a sensible action on the other planets ; but the question 
Mass of whether the mass of the entire group, which 
tb9miaor may number thousands, can be sufficient to pro- 
plsasrs. duce an appreciable secular variation of the node 
and perihelion of Mars is an important one, A rude 
Mtimate of the total mass of the group may be made 
in the following way ; — ^From the stellar magnitude of each 
known minor planet we may roughly infer its diameter, 


and hence its probable mass. The statistical law of pro- 
greraive diminution of the magnitudes or volumes, as 
derived from the known members of the group, may bo 
extended to the undiscovered members. That a law of 
progressive diminution extends to the unknown members 
may be inferred from the fact that, if there were a very 
great number above a certain limit of magnitude, the 
whole mass would be visible as a band of light spanning 
the heavens. Tlui writer has found that by no probable 
hypothesis as to tlie number and size of these bodies, con- 
sistent with the alisenco of tliis band, can the total mass 
be sufficient to exert any appreciable action on any other 
planet. 

The mass and diameter of J upiter can be determined in 
two ways — by measurt^s of the satellites and by the action 
of Jupiter on other bodies. The satellites are 
not well adapted to give an accurate value of the 
mass, as any proportional error in their mean distances 
from the planet is multiplied threefold in the result. Tlie 
following are the i*esults for the recijirocal of the mass 
reached by different methods, with the weight that may 
be assigned to e^ich : — 

Observations of the <iatcllites , , /it =1 047*82 Wt. 1 

Action on Fayos's comet (M 1)1 b'f) . ;4=1047 79 ,, 1 

„ Themis (Krueger) . /i=1047*.54 ,, 6 

,, SatuiTi (Hill) . . . /x=.1047*36 „ 7 

,, AVinnocko’s comet (Hoprdtl) 17 ,, '0 

„ Polyhymnia (Newcomb) . /a=: 1047 *34 „ 20 

The mean result, 

Mass of .Jup iter _ 1 

Mass of sun 1047 *36 1 *05 

is that now adopted in the planetary tables. In 1901 De 
Sitter published an important additional result derived 
from heliometer observations by dill and Finlay at the 
Cape Observatory. This was — 

14=1047*226 10*067. 

No definitive changes have lieon made in the adopted 
elements of the satellites of Jupiter in recent times. 

The measures of the diameter of Jupiter are very 
numerous, and the differences between the results must be 
regarded as due to personal eipiatioii and iHiculiarities of 
instrument rather than to accidental errors. The latest 
results by the two methods are ; — 

Kcpiat. Folar. 

Schur, from observations with the lielio- 

meter .... . . 37*40" 35*13" 

Barnard, from observations with the filar 

micrometer ...... 38*52" 36*11" 

This difference between the results of th(» two methods 
appears to be common to all observers, the method of 
double images always giving a smaller diameter than the 
micrometer. It may be attributed to a certain softness of 
outline of Jupiter's disc, which is easily remarked by a 
careful observer. 

The ball, rings, and satellites of Saturn show mechanical 
features of great interest, not found olsewhore in our 
system. One of the simjdest of these is that the 
planes of Saturn's equator, of its rings, and of at 
least its seven inner satellites, have a common secular 
motion duo to the action of the sun. If the latter acted 
on each of these bodies seijarateJy, the secular motions of 
the planes would be greater the farther the satellite is from 
the planet, and the motion of the nodes would take place 
around the plane of the orbit of the planet, the planes 
of the orbits preserving a nearly constant inclination of 
almobc 27 The ultimate result of the uneiiual motion 
would bo that the iKxles would be scattered all round the 
circle, and the planes of the several orbits of the satellites 
might have mutual inclinations to each other amounting 
to 53’. But the mutual interaction of the equatorial pro- 
tuberance of the planet, the rings, and the satellites keeiis 
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the motion of the whole system nearly in the same plane, 
as if it were a rigid body. Especially is this the case with 
the ring, in the form of which not the slightest deviation 
from a plane can Iks detected, whereas, if each of its 
particles moved inde|)cnclently, tlie whole would form a 
mass so broad as to quite conceal the planet from our 
view. 

The most remarkable features of this system are the 
cases of libration among the motions of the satellites, most 
of which are quite unique in form. We note for com- 
parison the well-known relation among three of the 
satellites of Jupiter: if L, L', and U* are the respective 
mean longilud(‘s of the first, second, and third of these 
bodies, wo iind that they always move so as to satisfy 
the LMjiiatioTi — 

L-.3i; + 2U'=180“. 

Let us, for brevity, call W the combination L - 3L'-f 2L". 
It was shown by I^place that, if W differed slightly from 
180**, there would Ik? small residual forces arising from the 
mutual action of the three bodies, tending always to bring 
it towards 180”. Tliat is, if W were less than 180”, the 
force would tend to increase it ; if greater, to diminish it, 
and thus W might swing back and forth on each side of 180” 
as a pendulum swings on each side of the vertical. This 
swing would Ikj a libmtion. Asa matter of fact, the swing 
is too slight to be observed ; W stays at 1 80” as a pen- 
dulum might constantly hang in the vertical jjosition. 

The similar librations in the Saturnian system have the 
remarkable feature that not only the mean longitude, but 
also the longitudes of the pcricentres comi? into ten 
e(iuations. The first case of this sort noticed was between 
the sixth and seventh satellites, Titan and HyiKsrion — the 
latter being the outer one of the two, and the faintest of 
the eight known satellites. Its orbit has long b('en known 
to Ihj the most eccentric of the system, th(? eccentricity 
being 0*10. Professor Hall, by comparing his own 
observations with those of his predecessors, showed that the 
Iiericentre of the orbit jierforrns a comjdete revolution in 
about eighteen years in a retrograde direction, this being 
the reverse of the secular motion due to the action of a 
disturbing body. It was found that this seeming anomaly 
aristas from a jieculiar action of Titan, having its origin in 
a near apf)roach to commonsurability between the mean 
motions of the two bodies, three times that of Titan being 
nearly equal to four times that of Hyiicrion. The motions 
are so adjusted that if we put L, L' = the mean longitude 
of Titan and Hyperion, ir the longitude of the jiericeiitre 
of HyfK?rion, and V « 417 — 3L - tt', then the angle V will 
never differ much from 180", but will continually oscillate 
on each side of this value, as just explained in the case 
of the angle W for Jupiter. The annual retrograde motion 
of TT is, from the observations of Hermann Struve, 18*663", 
so that the jK'riod of its revolution is 19*3 years. The 
eccentricity of Titen has the effect of making all the 
elements of Hyperion go through a change in nearly this 
period, which is dctennined by the angular distance of 
the periceiitres of the two satellites. The expression for 
the inequalities thus arising in the eccentricity and peri- 
centre of Hyperion are — 

A T = 14*0" sin (tt - tt') 

A e = 0*0230 cos (^r - rr'). 

The motion in question has also been theoretically 
investigated by Q. W. Hill and Ormond Stone. They 
have established it to determine the mass of Titan, which 
is shown to* be about 1/4300 that of Saturn itself. This 
is remarkable, because it seems certain that the angular 
diameter of the satellite is much less than one second, 
w*hile that of Saturn when nearest the earth is about 
twenty seconds. The satellite would therefore seem to be 


less than 1/10000 the size of Saturn, so that the mass 
found by Hill and Stone shows its density to be at least 
twice that of the planet. The masses of the other §atellites 
have been found by Struve to be very minute, varjring 
from 1/250000, in the case of Ehea, to 1/13610000 in 
that of Mimas. 

The determinations of the mass of Saturn have been 
singularly discordant. They are made by measures of the 
major axes of the orbits of the satellites and by the action 
of Saturn on Jupiter. From measures with the heliometer 
on the brightest satellite. Titan, Bessel found /x » 3501 *6. 
A subsequent correction increases the number by one or 
two units. Leverrier, from the action of Jupiter, found 
3529*6 {Armales de V Ohservatoire de Paris^ xiL p. 9). 
Asaph Hall, from measures of Jajietus with the 26-inch 
Washington telescojK), 3481*3 ± 0*54 ( Ohser- 
vatimsfor 1882, app., p. 70). The small probable error 
of this last value, the great power of the instrument, and 
the considerable mean distance of the satellite, more than 
600'', would seem to inspire confidence in it. It was 
strengthened by the use of two quite distinct methods of 
observing — one with the micrometer, the other by transits 
giving differences of K. A. between the planet and the 
satellite. But Hill, from the action on Jupiter, found a 
result in substantial agreement with Bessers. To decide 
the question Asaph Hall, jun., observed Titan with the 
heliometer of the Yale Observatory, and obtained a result 
confinning Bessel's. Yet H. Struve, from measures of 
Japotus and Titan with the Pulkowa 14-inch equatorial, 
found 3498; and from Titan and the nearer satellites, 
with the great 3()-inch instrument, 3495*3. In Hill's tables 
of Jupiter, and the other tables of the American Ephemeris, 
the value 3501*6 is adopted. Still, the preponderance of 
evidence at the present time seems to favour a number 
rather below than above 3500. 

For the angular diameters of Uranus and Neptune 
Barnard found, with the filar micrometer : — 

Uranus, 4*040" at dist. 19*183 
Neptune, 2*433" „ 30*0551. 

The masses adopted in the new tables are : — 

Umnus, /X B 22869 
Neptune, ft » 19314. 


UtmauaMUd 

Naptuaa, 


III. The Fixed Stars. 

Our knowledge of the fixed stars has in recent years 
been widened to an extent which would not have been 
deemed possible two generations ago. The revelations of 
the spectroscope have given rise to a branch of astronomy 
so wide in its scope that it is sometimes regarded as a new 
science, that of astrophysics — a term now applied to the 
results of studies on the physical constitution of the 
heavenly bodies generally, whether the planets or the 
stars. It is impossible to draw a sliarp line between the 
results of this branch of study and those of the older 
methods of investigation, sometimes called astrometry, 
which includes all forms of celestial measurement, whether 
of distance, motions, or magnitudes; as astrophysics 
progresses, it necessarily enters this field. Its most 
remarkable discoveries have resulted from the measure- 
ments of motions in the line of sight, the results of which 
belong strictly to astrometry. Our summary of the 
advances in stellar astronomy may be introduced by a 
brief general view of activity in the field at large. 

One prominent feature of recent progress has been the 
study of the southern heavens. A natural result of the 
great preponderance of observatories and means 
of recent research in the northern hemisphere 
was that, before the present generation, our 
knowledge of the southern heavens lagged far behind that 
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of the northern ones. When wo recall the expedition of 
Sir Johq Herschel to the CJape of Good Hope in 1832-34, 
and the rather limited work of the observatories at the 
Cape, Melbourne, Paramatta, &c., before 1870, we 
have included the most important researches in this part 
of the sky. The first step towards a marked extension of 
our knowledge in this field dates from the foundation of 
the National Argentine Observatory at Cordoba by Dr 
Gould in 1871. This observatory has, since its foiinda- 
- tion, been devoted to the work of cataloguing and mapping 
the southern heavens with instruments of precision. The 
results of this work are found in the splendid volumes, 
now eighteen in number, published by the observatory. 
A few years later. Sir David Gill, F.R.S., on his appoint- 
ment as astronomer of the Cape Observatory, so enlarged 
the means of that establishment and gave such an impetus 
to its work that it is now one of the leading observatories 
of the world. In the field of astronomy his work has 
differed from that of the Cordoba Observatory in being 
directed very largely towards the most precise measure- 
ments of a limited number of stars, Cordoba having 
devoted most attention to cataloguing all the stars 
which could be advantageously reached with the instru- 
ments. Gill’s most remarkable work has been done with 
the heliomotor, an instrument which he has done much to 
bring to its present state of perfection. Determinations 
of stellar parallax have been pursued by him with such 
success that we have now, so far at least as the brightest 
stars are concerned, a better knowledge of this subject for 
the southern heavens than for the northern. Yet more 
recently the foundation of the Ai’equipa Observatory, a 
branch of the Harvard Observatory, has marked an epoch 
in stellar photometry, to which branch it has been very 
largely devoted. Through its work, our knowledge of the 
magnitudes of the stars of the southern heavens now 
surpasses that of the northern heavens as it was in 1880. 

Another prominent feature of the advance we are making 
has been the ai)plication of photography to astronomical 
investigation. From the time, about 1840, that Dr 
Draper took a daguerreotype of tUo moon, up to the year 
1882, the photographic art played only a minor jMirt in 
astronomical work. Perhaps Rutherfurd’s work, that of 
Gould at Cordoba in photographing clusters of stars, the 
practice of photographing the sun at Greenwich in order 
to have a record of the changes of its surface, and tlui 
application of the art to the transits of Venus in 1874 and 
1882, were the most important astronomical applications 
of photography during this interval. In 1882 Gill, in 
having the great comet of that year jdiotographed with a 
portrait lens, found that all the stars in the field of view, 
down to the 9th or 10th magnitude, were imj)rinted upon 
the negatives. Following up the idea thus suggested, he 
undertook the enteri)rise of forming by photography a 
catalogue of all the stars down to the 10th magnitude 
between the south pole and 23** of south declination. This 
work has been brought to a completion with the aid of 
Professor Kajiteyn of Groningen, who, with a disinterested- 
ness to which it would be difficult to find a parallel in 
any other field than that of science, has devoted years of 
patient toil to the measurements of the positions of the 
stars on Gill’s plates. As a result of this work, and tliat 
of Thome, Gould’s successor at Cordoba, it may fairly 
be said that the stars are now even more completely 
catalogued for the southern heavens than for the northern. 

Gill’s demonstration, and the use in photography of 
more sensitive chemicals than had formerly been known, 
led to the idea on the part of the Paris astronomers of 
photographing the entire heavens by an international 
association of observatories. A conference to decide upon 
the methods of doing this was invited by Admiral 
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Mouchez, director of the Paris Observatory, in April 1887. 
Here was formulated the plan for the international Carte 
P}ui>tographi(pw dn Ciel^ which was undertaken by sumo 
eighteen observatories in both hemispheres. The Avoik is 
all t)eing done with similar instruments on a uniform plan. 
The charts in question form two scries — one including 
only the stars down to about the 11th magnitude, the 
I>ositions of which were to be determined by measurement, 
so as to form a raUdogue, and the other all the stars 
which could be ]»hotogniphed with the longest available 
ex^iosure. This work is not yet finislied. ^me portions 
of it were undertaken by observatories wliicih appear not 
to have had the means foi its successful jirosecution, 
but other portions have been brought nearly or quite to 
a comijletion. 

The application of the photograjihic method lias been a 
prominent featui*e in the remarkable work of the Harvard 
Observatory. On assuming the direction of that estab- 
lishment in 1876 Pi'ofessor Pickering decided to make 
astrophysics its speciality. The munificence of those 
interested in his work has enabled him to command a 
wealth of appliances almost without example, and to 
devote to their use one of tJie largest and best- trained 
corps of assistants ever engaged in astronomical observa- 
tion. Before the Paris Conference he had planned a work 
somewhat similar to that undertaken by the crniference 
and begun to put it in execution. His object was, 
however, in one point at least, essentially different from 
that of the international enterprise, for his mam idea was 
' to photograph the sky from time to time with a view of 
detecting at the earliest possible moment any change that 
might take place among the stars. A stnking result of 
this system has already been mentioned — the discovery of 
the now planet Err^^ on a great number of plates taken 
before the existence of the body was knowm. Another 
result has lieon the discovery of several so-called new stars 
w^hich have suddenly blazed forth, although, up to the 
jiresent time, none have become objects that would strike 
the ordinary spectator. Another sj>pf‘iality of this 
observatory has been the study of stellar s^wetra by 
]>hotogi’aphy. In this connexion, the aid afforded by the 
Draper Memorial Fund is worthy of mention. The wealth 
of material thus accumulated is so vast that its complete 
publication is scarcely possible. Yet every spectrum 
photographed is subjected to careful scrutiny, and any 
remarkable jieculiarity that may be exhibited is j)ublished 
and discussed. Photometry has been one of the main 
branches of I’rofessor Pickering’s work, and the volumes 
already published conhiin estimates of the magnitudes of 
shirs measured iihotometrically, now including the entire 
heavens in the scope of their contents. 

Two other important photometric works have appeared 
which are especially notcwortliy, because made with 
instruments radically different from each other and from 
that of Pickering. The photometric W'ork of the late 
Professor Charles Pritchard, F.R.IS., at Oxford, was 
carried out by the use of the extinction wedge, of which 
a description will lie found in the article 1’hotomktby, 
Stkllae. The same subject has been a leading feature of 
the work at the Astroph} sical Observatory at Potsdam. 
The founding of this institution by the German Govern- 
ment soon after the close of the Franco-German war 
marked an epoch in the development of astro] ihysics, both 
bccciuse of being contemporaneous with the beginning and 
early growth of that science and because of the wisdom 
which has marked its administration. In stellar photo- 
metry the special feature of its work has been a very care- 
ful determination, by two observers, of a list of stars 
more limited than that investigated at the Harvard 
Observatory. The field to be covered includes the 

# 
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hemisphere between the equator and the northern 
celestial pole. It is divided into zones of 20** in breadth. 
The zones from the equator to 40** of declination have 
already been published. 

The most remarkable work now done with the spectro- 
scope is the determination of the motions of stars in the 
line of sight. The earliest attempts at such measures were 
those made by 8ir William (then Mr) Huggins ; and after 
the practicability of making such determinations was de- 
monstraUid by him, the work was taken up at the lioyal 
Observatory at Greenwich. In those early researches only 
o])tical methods were used which were not susceptible of the 
highest precision. The introduction of more sensitive chemi- 
cals into photogi-aphic practice led to the great improvement 
of pliotographing the spectra of stars instead of observing 
th(^m visually. A twofold advantage is thus gained: 
fainter spectra can be photographed tliaii can be* measured 
with the eye, and the errors to which the eye observations 
are liable can be almost entirely done away with. The 
first extended application of the photograjdiic method to 
this purpose was made by Dr Vogel at the Potsdam 
( )bservatory ; he measured the motions of forty-eight of 
the brighter stars in the line of sight with a precision that 
could not easily be reached by the o[)tical method. The 
most interesting results of the new system of obstirvation 
have been the discovery of bimiry systems among the 
stars. In this work, Campbell of the Lick Observatory 
has been remarkably successful ; the results reached by 
him, Deslandres, and others will be summarized in their 
proper connexion. 

Para/laxes and Prosier Moiuym of tfie Stars. 

The methods of determining the jiarallax of a star are 
of two kinds. In the on(^ the actual jiarallax is deduced 
from the annual changci in the right ascension or declina- 
tion of the star produced by the motion of the earth round 
the sun, and shown by comparing observations with a 
meridian instrument of the highest precision. Parallaxes 
determined in this way are tenned absolute. It is now 
found that, owing to the annual and diurnal changes in 
the insti’unient and in the air caused by the varying 
temperature of night and day, summer and winter, it is 
impossible to determine precisely, even with the most 
refined appliances of modern astronomy, variations in the 
absolute position of a star so minute as its parallax, 
li^fforts to determine absolute parallaxes have therefore 
been abandoned. The method now in universal use 
consists in referring the displacement of the star whose 
parallax is measured to small stars lying in nearly the 
same direction. The numliers thus obtained are the 
relative parallax between the star measured and those with 
which it is compared ; and if the stars of comjjarison are 
so distant as to have no appreciable {larallax, the result 
will give the actual parallax required. How far this is the 
ca8(‘. we cannot yet say with certainty ; but it is probable 
that, as a general rule, the stars of com|jarison have rarely 
any parallax amounting to a hundredth of a second. In 
recent times the heliometer lias Ixicn the most jiowerful 
instrument for such determinations ; and in the hands of 
Gill, Elkin, Peter, and others it has been applied in 
making a revision of many results previously obtained 
with other instruments, and in investigating susjiected 
now cases of parallax. But at the present time it bids fair 
to be eventually supplemented or even superseded by the 
photographic telescoiKj. The great advantage of the photo- 
graphic method lies in the (iase with which a plate can be 
taken and the leisure with which the images of the stars can 
be measured upon it ; the attempts recently made in this 
direction seem to show that the precision is not markedly 
less than that attainable by the use of the heliometer. 


It is difficult to make a selection of the stars whose 
parallax can be said to be determined, but, roughly 
speaking, we may state the number to be 100. ^ Among 
these are several cases in which the instrument or method 
of using it was so imperfect that the results are more or 
less doubtful, and many others in which the apparent 
parallax is so minute that it is questionable whether the 
result may not be due to errors of measurement rather 
than parallax. Such is undoubtedly the case when the 
result comes out with a negative algebraic sign, as has 
happened with some apparently good determinations. 
The following is a list of the determinations which may be 
regarded as actual, including all which have been made 
with the heliometer, even when the result is so minute as 
to be doubtful. The letter g signifies that the result is 
one of an exceptionally good class reached under Gill’s 
direction by the heliometer of the Cape Observatory. The 
probable error in these cases is generally between 0*01" 
and 0*02". A colon indicates tl^t the parallax is of a 
rather doubtful character, needing to be re-determined by 
modern methods, and two colons that it is among the 
more doubtful of this class. The results given without 
any indication may bo supposed to be affected by a prob- 
able error varying from 0*03"to 0*05". 


Parallaxes of Stars. 


SUr. 


PoBitiou for 1900. 


R. A. 

DimsI. 

Par. 

B Cassiope® . 


h. m. 

0 4 

+ 58 6 

// 

•15 

Gr. 84 


0 13 

+ 43-4 

•30 

Tuoanec 


0 15 

-65*5 

•14 

^ Ilydri 


0 20 

-77*8 

•18 g 

a CasMlopca* . 
ij Cassiopese . 

• 

0 85 

+ 56*0 

•04: 

. 

0 43 

+ 67-2 

•20 

7 CassiopeiB . 


0 50 

4 60*1 

•01: 

fi Cassiopoiu . 


1 2 

+ 54*4 

•14 

Polaris 


1 22 

+ 88*8 

•06 

a Eridaui 


1 84 

-57*7 

•04 g 

r Coti . 


1 39 

-16-5 

•81 g 

e Eridani 


3 16 

-”43-6 

•15 g 

50 Persei 


4 2 

+ 37*8 

•04:: 

0 ^ Eridani 


4 11 

- 7*8 

•17 g 

a Tauri . 


4 30 

+ 16-8 

•11 

C. Z. Vh. 243 


5 8 

-45-0 

•81 g 

a Auriga} 


5 9 

+ 45*9 

•09 

/5 Orionis 


5 10 

- 8*8 

•00 g 

a OriotiiB 


5 50 

+ 7*4 

•02 

p Aurigw 


5 52 

+ 44*9 

•06: 

a Argus 


6 22 

-52*6 

•00 g 

X® Aurigie 


6 89 

+43-7 

•11 

a Can. Maj. . 


6 41 

-16 6 

*37 g 

51 H. Oejdiei . 


6 58 

+ 87*2 

•08: 

a Geminorum 


7 28 

+ 32*1 

•20:: 

a Can. Min. . 


7 84 

+ 5*5 

•80 

p Geminorum 


7 39 

+ 28*3 

•06 

LI. 15290 . 


7 47 

+ 30*9 

•02 

i Urs. Maj. . 


8 52 

+ 48*4 

•13: 

10 Urs. Mig. . 


8 54 

+ 42*2 

•20 

LI. 18115 . 


1 9 8 

+ 53*1 

•18 

0 Urs. Maj. . 


9 26 

+ 52*2 

•07 

LI. 19022 . 


9 37 

+ 48*2 

•06 

20 Leo. min. . 


9 55 

+ 32*5 

•06 

a Loonis 


10 3 

+ 12*5 

•02 

Gr. 1618 . 


10 5 

+ 50*0 

•18 

Or. 1646 . 


10 22 

+ 49*3 

•10 

Gr. 1657 . 


10 27 

+ 49*7 

•04 

LI. 20670 . 


10 38 

+ 47*7 

•01: 

LI. 21185 . 


10 58 

+ 36*6 

•46 

LI. 21258 . 


11 0 

+ 44*0 

•22 

S1516 . 


11 9 

+ 74*0 

•15 

0. A. 11677 


11 15 

+ 66*4 

•27: 

X 1561 . 


11 83 

+ 45*7 

•03 

Gr. 1822 . 


11 40 

+ 48*2 

•02 

Gr. 1830 . 


11 47 

+ 38*5 

•14 

LI. 22682 . 


11 57 

+ 43*7 

•00; 

LI. 22810 . 


12 4 

+ 40*8 

•06 

a Crucis 


12 21 

-62*5 

•05 g 

p Criiois 


12 42 

-59 1 

•00 g 
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Parallaxes of Stwn-^Hsontinued, 


« 8tw. 

Poiltlon for 1000. 

R. A. 

Reel. 

Par. 



h. m. 

• 


P Comas • 


18 7 

+ 28-4 

•11 

a Virginia . 


13 20 

-10-6 

•00 g 

p Centauri . 


13 67 

+ 69-9 

•03 g 

a Bootis 


14 11 

+ 19*7 

•03 

a Centauri . 


14 88 

-60-4 

•76 g 

LI. 27298 . 


14 62 

+ 64-1 

•08 

a Scorpii 


16 23 

-26*2 

•02 g 

11 Herculis . 


16 89 

+ 39-1 

•40.? 

IT Herculis . 


17 11 

-1-36 *9 

•11: 

8 Herculis 


17 11 

+ 24-9 

•05; 

y Draconis . 


17 30 

H-56-a 

•32; 

0. A. 17416 


17 87 

+ 68-4 

•22 

70 Ophiuchi . 


18 0 

+ 2-5 

•19 

8Urs. min. . 


18 5 

+ 86 6 

•03* 

a Lyne 


18 38 

+ 38 7 

•11 

0. A. 18609 


18 42 

+ 69*5 

•35: 

31 Aquiliu 


19 20 

+ 11*7 

•06 

ff Draconis 


19 33 

+ 69*6 

•26: 

a Aquilffi 


19 46 

+ 8*6 

•23 

a Cygni 


20 38 

+ 44*9 

•00 

61 Cygni 


21 2 

+ 38*2 

•30 

a Cophei 


21 16 

+ 82*1 

•06; 

e Inai 


21 66 

-57*2 

•27 g 

a Gmis . 


22 2 

-47*4 

•02 1 

a Piscis Austr. 


22 52 

-30*1 

•13 i 

1^.9852 . 


22 59 

-86*4 

•28 g 

Br. 8077 . 


23 8 

+ 66-0 

•16 

85 Pegasi 


23 57 

+ 26*6 

•05 


A desideratum of astronomy is a general survey of the 
heavens with a view of determining all the stars which 
have an appreciable parallax. Such a survey is 
ParmUaetic made possible by photograjihy. To carry 
Murvoy. necessary to take two or three plates 

of each region of the heavens at those ojiposite seasons 
when the stars in the region have the maximum displace* 
ment by parallax in opposite directions. A comparison of 
the plates then shows whether any such displacement can 
be detected. The only attempt in this direction which 
has thus far been carried out was made by Professor 
Uonner at Helsingfors, with the co-oijeration of Kaptcyii, 
the photographic telescope being that used for the inter- 
national chart of the heavens. Each plate taken for 
parallax was exposed three times, at intervals of six 
months. At the first exi)OHure three images were made on 
the plate in slightly different positions. At the second, 
six months later, six images were made in the same way. 
At the third, a year after the first, three more were made. 
Thus, twelve impressions of each star were tjiken, forming 
together a rectangle of three stars on one side and four on 
the other. On such a plate the detection of a imrallactic 
displacement is very easy. Unfortunately, only a region 
little more than 2* square, extending from 20 h. 1 m. to 
20 h. 10 m. in right ascension, and from 35“ to about 37“ 
in declination, has yet been examined. The plates were 
carefully measured by Kapteyn. In three or four cases 
there is some presumption of a parallax of 0‘1", but in no 
case is it so strongly marked as to be beyond doubt. The 
probable error of a result from each plate is 0*034''; but 
it is quite in accord with the theory of probabilities that 
errors of three or four times this amount should occur in 
one or more of the results. The extremely limited number 
of stars liaving a certainly measurable imrallax renders 
it desirable to find other methods of estimating their 
distances. It was formerly supposed that the actual 
magnitude of the stars did not differ greatly from each 
other, and, if that were the case, an approximate estimate 
of the distance could be obtained from the apparent 
brightness. But it is now known that this is so far from 
the case that brightness alone scarcely affords any clue to 
the distance of a star. All that we can say with certainty 


is that, in the general average, the fainter stars are more 
distant than the brighter ones in a ratio which admits of 
approximate determination, a statement which tells us 
nothing about the actual dist^mce of any single star. 
More infornmtion is afforded by the proi»er motions of 
which wo shall next speak. 

The work of cataloguing^ the stars and determining 
their exact positions, which is now beung jmrsuod on so 
large a scale, naturally involves the detorminar 
tions of their projxir motions. Every star may 
be considered as having a pro|)er motion of its 
own ; but the nmulxir for which the proj^er motion has 
l>een determincHl is comparatively small, because, apart 
from the results of sijectrosropic measurements of motion 
in the line of sight, which are necessarily extremely 
limited, the motion can be detected only by a comparison 
of observations taken at long intervals of time. The 
longer the interval the slower the motion that may bo 
detected. We have now an interval of more than a 
century in the case of the stars observed by Bradley at 
Greenwich, about the year 175()-()3, and one of th(5 greater 
l>art of a century in the case of several other catalogues. 
From Auwers^s discussion of the Bradley stars, 3240 in 
number, it appears that a little more than one-half of these 
objects have a projjer motion of 5" ikji* centnr) oi more. 
A little more than one-half of Bradley’s stars are easily 
visible to the naked eye, and the greater part of the 
remaining half arc bctweim the 6th and 7tli magnitude. 
Consequently, the conclusions derived from this work ap})ly 
only to the brighter stars. S|)eaking in a general way, we 
may say that about one-half of these stars aie kut»wn to 
have a measurable proj^Kii* motion, lu the case of the 
fainter stars the proportion w^onld undoubtedly be much 
smaller than this, but it cannot Ik) exactly stated at 
present. A few stars have a proixjr motion so abnormally 
rapid that it could dotcnited within a single year. Of these 
the most ra])id known U]) to a recent lime was that of 
Oroombridge 1830, pointed out by Argelander. In 1897 
Gill and Innes, at the Cape of Good ITo]>e, found a star 
of yet greater protier motion. This case was carefully 
investigated by Khpteyn, who, by a comparison of tlicj 
Ca])e photographs and Cordoba observations, found the 
motion to ho the greatest yet known. The follo^ving is a 
list, of the stars now known to have a }»ropL*r motion, 
exceeding 3" })cr year ; — 


Niiiiu) 

K.A. 

J‘»00. 

Doc 

ll»00 

^ Crop. 

1 Mutiuii. 

Mas. 

C Z. Vh., 243 . 

li in 

5 8 

^ Ab'O 

8-70 

8-5 

(Ir. 1830 . 

11 47 

+ 38-4 

7*04 

6*9 

Liw. 9362 

2-2 69 

-36-4 

6-94 

7-5 

Cor. 32416 

0 0 

37*8 

6*07 

8-6 

61 Cygni . 

21 2 

f 38-3 

5*20 

5-7 

LI 21185 

10 .^8 

+ 36*6 

4-76 

7*3 

e IiuU 

•21 56 

- .57 *2 

4*61 

6-2 

LI. 21268 

11 0 

+ 44-0 

4-11 

8-7 

0 ® Kriduni 

4 11 

- 78 

4*05 

4-6 

Cassiop. 

1 2 

-1 54*4 

3*73 

3-68 

6*6 

0. A. 15318 . 

16 5 

-16 0 

9-1 

0. A. 15320 , 

16 5 

-15 9 

3-68 

9*1 

a Centauri 

14 33 

-00*4 

3-60 

1*0 

Lac. 8760 

21 11 

-39*2 

8-63 

7*3 

cEridani. 

3 16 

-43-4 

8-12 

4*4 

0. Arg. 11677 . 

11 n 

+ 66-4 

3-02 

9*0 


This table jjrosents two notable features. One is the 
minuteness of many of the stars. That tho^star having 
the most rayiid motion yet known should be below the 
8th magnitude is illustrative of the great range of abs^ 
lute brightness among the stars. The other feature is 
that two fourths of the circle of right ascension, namely, 
those from 5 h. to 11 h. and from 15 h. to 21 h., scarcely 
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contain any of tlic sixteen stars, except at tlieir limits. 
This may attributed to the effect of the solar motion 
in exaggerating the ap])ar6ut motion of stars far from 
its apex. 

A desideratum of the present time is an exact knowledge 
of how many stars in the heavens have a measurable 
proper motion, or, in greater detail, how many have 
pro])er motions of each order of magnitude. The data 
for completely solving this question are still wanting, but 
the most complete attempt in this direction is that of 
Auwers, who observed the zone of the “ Astronomischo 
Qosellschaft,” 15'*- 20®, at Berlin. He made a com- 
parison of the 8000 stars in his zone with the older 
observations as far as they were available, and the result 
was the discovery that 1200 of the stars had proper 
motions large enough to be detected. Assuming that in 
the wliole heavens the numlxjr is proportional to the 
area, we may regard it as probable that 20,000 stars have 
a proi)er motion, extending 5" per century. Several 
astronomers have made catalogues of stars having ex- 
ceptionally large proper motion; the most thoroughly 
worked up of these catalogues is that of Porter for 1890, 
Fublicationfi of the Cmdnnati Obaervatory, No. 12, but 
Bossert’s in the Paris Obeervatiom for 1890 contains more 
stars — 2675 in all. 

That our sun is to bo included among the stars having 
a j)ropor motion has long been inlerrcd fi’om an apparent 
motion of the stars in the opposite direcition, 
mSoa called the parallactic motion. If wo regard the 
general mean position of the mass of stars as at 
rest, our solar system is relatively to this mean moving toward 
a point, now known as the Solar Apex, which was long 
supposed to bo situated in the constellation Hercules. 
Although the a])proxiinate situation of this ixiint has been 
known since tluj time of the elcler Ilerschel, yet its exact 
determination is a matter of extreme difficulty, owing to 
the diversity of the actual motions of the stars and the 
irregular distribution of those which have been determined. 
In the following suminary of the results of recent re- 
seJirches, we put A for the right ascension of the apex and 
D for its declination. Prolessor Lewis Boss, from 279 
stars of large proper motion in the zone V to 5", derived 
A « 283’5® ; D =3 + 44’1“. This result might lie seriously 
influenced by the introduction of stars of alinormally large 
motions; had he excluded twenty-six motions exceeding 
40" per century, the result would have been A =288*7®; 
J)^ 4-51*5®. Porter of Cincinnati, and Htumpe of Berlin, 
have each made determinations based on all the well- 
determined proper motions available at the time. I’orter’s 
list included 1300 stars, Stumpers 996, the grcjater 
number of the stars being common to the two lists. Each 
investigator classified his material according to the 
proper motions of the stars. Stumpe excluded all 
motions loss than 16" or greater than 128" per century. 
Between these limits they were divided into three groups ; 
Group 1., from 16" to 32" ; II., from 32" to 64" ; III., from 
64" to 128". The separate results were : — 


(iroup I. (551 stars) A =287*4 ; D=:4*45’0 

„ 11 (339 „ ) 287*2; 43-5 

„ 111. (106 „ ) 280*2; 33*5 

Porter {Aet, Jour. xii. p. 89) divided his proper motions 

into four groups : 1., those less than 30" ; IL, those be- 
tween 30" aiul 60" ; Ilf., those between 60" and 120" ; 
IV., those exceeding 120". The results were : — 


Group 

II 

II 

II 


I. (576 stars) A =281*9 ; 

11. (533 „ ) 280*7; 

III. (112 „ ) 285*2; 

IV. (70 „ ) 277*0; 


D= 4-53*7 
40*1 
34*0 
34*9 


All three of these agree in the general conclusion that 
the smaller the proi)er motions used the greater the 
declination of the resulting apex, and, in a less degree, the 
greater its right ascension. Biit this conclusion needa 
^rther examination before it can be accepted as fully 
established. Some doubt is thrown upon it by the fact 
that the position of the solar apex from all the stars of 
Bradley’s catalogues having a small proper motion is 
A *= 274*2“ ; D » 4- 31 *2®. The discrepancy, especially in 
the declination of the apex, is far outside the normal 
limits of error on any jirobable hypothesis, and suggests 
the necessity of a more thorough examination of the 
question tlian has been made. The general conclusion 
which may be drawn from these results is that our system 
is moving toward the constellation Lyra, not Hercules. 
The point is probably near right ascension 280® and 
declination 4- 38® ; but there is an uncertainty of several 
degrees in this position which cannot be removed until 
an improved method is applied. 

An important and interesting point is that of the speed 
of the motion. The most obvious method of determining 
this is through the apjmrent parallactic motion 
of the stars whose parallaxes have been 
actually measured. When we see a star at a . m^ioa. 
known distance moving away from the sun’s 
Q,\)ex with a given angular velocity, the transformation of 
this given velocity into a linear velocity is extremely 
simple, and gives the relative velocity between the sun and 
star. The measure of these results from all the stars in- 
cluded will give the speed of the sun relative to their 
mean position. In this way, from the list of stars whose 
|)arallaxes have already been given, it would follow that 
the 8i>eed in question was 6 radii of the earth’s orbit in a 
year, which would correspond to nearly 28 kilometres jKjr 
second, about that of the earth in its orbit. But this 
result has an unavoidable defect arising from the fact 
that the stars selected for measures of parallax have been 
those having large ai)i)arent proper motions. A star whose 
actual motion is in the opposite direction to that of the 
sun will have a large apparent motion, while one moving 
towards the solar apex may liave little or no apparent 
motion, though its actual angular motion may bo the same. 
In consequence, the selection is biased by including 
mainly those stars whose absolute motion is away from 
the apex. Consciquently, the result is too large. The 
speed in question can also be derived from the observed 
motions in the line of sight or radial motions. Kaptcyn 
has done this by a statistical method. From a study of 
the apj>arcnt angular motions of the stars can bo derived 
the ratio between the velocity of tlio sun and the mean 
velocity of the stars in general. This mean velocity is 
found in linear measure from the observed motions in the 
line of sight, and its product into the ratio derived from 
the angular motions gives the actual linear velocity of the 
sun. The resulting speed of the sun’s motion was, in 
round numbers, 16 kilometres, or 10 English miles, per 
second. This result is now superseded by a recent research 
of Campbell, based on 280 radial motions (Astrophys, 
Jowr, January 1901), giving a speed of 19*89 ± 1*92 km. 
This speed is almost exactly 4 radii of the earth’s orbit 
j)er year. 

It will be seen that the apparent proiKsr motion of a 
star is made up of two components — the actual motion 
relative to the mean of all the stars, sometimes called the 
motvs peculiarisy and the parallactic motion, which is only 
apparent, being due to the motion of the sun. It has 
hson shown by Stumpe that, when we take a large number 
of stars and classify them according to their total proper 
motions, the ratio of the parallactic motion to that peculiar 
to each star is nearly the same for large and for small 


% 
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motions. The former is proportional to the sine of the 
angular distance of the star from the apex divided by its 
distan<^ from the earth. It follows from the approach to 
uniformity in the ratio that the peculiar motions of the 
stars are also, in the general mean, inversely proportional 
to their distoce from us. Consequently, the actual mean 
linear velocity of the motion may be taken as the same 
for stars of various distances, so that the apparent motion 
will be inversely as the distance. Of course this equality 
in the general mean by no means imfilies any approxima- 
tion to equality in the case of individual shirs ; yet there 
is some reason to believe that it is only in exceptional 
cases that the linear velocity of motion of the stars exceeds 
a certain limit which it is difficult to fix with precision, 
but which may be estimated at 40 or 50 kilometres per 
second. To such a limit there are two remarkable excep- 
tions, one of which has been known for some time, while 
the other is of recent discovery. Although the projier 
motion of the star 1830 Qroombridge, is, with one excet)- 
tion, the greatest of any known, measures of its parallax 
show that it is by no means among the nearer stars. The 
combination of the parallax already given with the observed 
motion indicates a component of linear velocity j)er|M 3 n- 
dicular to the line of sight amounting to about 240 
kilometres per second. The recent measures of Klkin on 
the parallax of Arcturus indicate that its linear velocity is 
probably nearly as great as and possibly much greater than 
that of the Qroombridge star. The parallax found by 
Elkin was 0*016"; but in view of the fact that other 
measures, though far less trustw’orthy, have given a larger 
value in the table, 0*03" has been assigned as the most 
probable parallax. This gives a linear velocity of some 
350 kilometres j)er second. 

One of the most interesting questions growing out of 
the proper motions of the stars is whether there is any 
general law among them which indicates that 
move in definite orbits and that the 
mSon. universe os a whole forms a stable system Up 
to the present time nothing in tlie way of a 
general law has been discovered. In a few cases, some of 
which are mentioned in the original article in the ninth 
edition of the A'acy. Jirit, stars in the same region are 
found to have a common proper motion, indicating that 
they may form a system among themselves, but these 
cases are so exceptional as to ])rovc nothing : the general 
rule seems to be that the proper motion of a stai* has no 
connexion with its location in space or its relation to the 
universe in general. On no probable hyiiothesis that we 
can make resjiecting the mass of the stars could the 
attraction of all the known bodies of the universe hold 
either Arcturus or 1830 Qroombridge in an orbit. 

Variable Stars, 

The study of variable stars has in recent times, in 
connexion with measures of motions in the lino of sight, 
opened up a new and interesting branch of Sidereal 
Astronomy, and the number of these objects which have 
been made the subject of accurate observation is now so 
great that a classification according to the law and period 
of the variations is possible. The statistical basis on 
which such a classification must begin is found in Cluindler's 
catalogues, of which the third w'as publisJied in the 
Astronomical Jon/medy vol. xvi. Omitting from our con- 
sideration 7 ] Argus and other irre^larly variable stars, as 
well as the so-called now stars, wo find in that catalogue 280 
periodic stars, proi)erly so called ; that is, such as go through 
all their changes in a definite period. Classifying the 
periods according to the length, we find them to be as 
follows : — 


Peiioda. 




Stars. 

Less thin 50 days 




. C3 

50 to 100 




6 

100 „ 

150 „ 




9 

ISO,, 

‘200 „ 




18 

200 „ 

250 „ 




. 29 

2r>o „ 

300 „ . 




40 

300 „ 

350 „ 




. 44 

360 „ 

400 „ 




. 44 

400 „ 

450 „ 




18 

460 „ 

r>uo „ 




6 

600 „ 

55 ') 




1 

660 ,, 

COO „ 




X 

600 ,, 

0.50 „ 


. 


1 


The most suggestive filature of this table is the well- 
marked limitation of the period. From the maximum of 
about 350 days, the number of ^icriods having a given 
length continually falls off until we reach 610 days. This 
is the longest yet known. It follows that there is some- 
thing in the constitution of these bodies, or in the cause 
on which their variation depends, which limits the period. 
It was formerly supposed that the eleven-years period in 
the magnitude and frequency of spots on the sun made 
the sun a variable star ; in fact, that the periodicity of tlie 
stars might be due to the sanu* (uiuse as that, of the solar 
spots. But the great length of the sun-spot period, taken 
in connexion with this limitation, seems to dIsj:>rove the 
analogy. Passing up towards the other end of the table 
we are stmek by the rajnd falling oti' towards the limit of 
50 days and the great numlier less than 50 days. It 
might seem that we have liere a sharp line of distinction 
between the two classes — those of long and those of short 
jieriod. But an examination of the perhxls in detail dcK's 
not show any such line. Eight periods are loss than 1 
day, and about 40 between 1 and 10 days, and from this 
point up to 100 days they are scattered with a fair 
approach to unifoniuty. 

The law of change of a periodic star may be rc^presented 
graphically by a curve. A straight horizontal line or 
axis of abscissae is taken to represent the tirnt*, and on it 
equal spaces represent equal times. At each jioint upon 
it an ordinate is erected proportional to the amount of 
light emitted by the star at the corresiionding momtmt. 
A curve through the ends of these oidinates is the light 
curve of the variable star. It will lx* readily seen that, 
in the case of a star of constant brightness, the ordinates 
will all be equal, and the curve will be a straight hori- 
zontal line. Wliatever the law, if th(‘ star be a periodic 
one, the ordinate will return to the same value at the end 
of a jKiriod, and the ermtinuanco of the curve through 
successive periods will l>e repetitions of the curve corre- 
sponding to the first ijcriod. It is therefore only necessary 
to continue the curve through a single jx'riod. 

A classification of variable stars lias been facilitated by 
the discovery of the cause of variation in certain classes of 
the stars of shorter periods. The most distinctive class of 
such stars are those which remain constant during the 
greater jiart of the period, and then temporarily lose a 
portion of their light, sfion to recov(»r it again. The 
brightest and longest-known of this class being Algol or 
P Persei, stars which vary in this way are said to be of 
the “Algol tyjTc.” The curve ol such a type is a straight 
line with a depression at the end of each period. This 
feature strongly distinguishes the typo from those in 
which the variation, whatever its law, is continuous, for 
in those cases, which include a great majority of variable 
stars, the curve is nowhere a straight line. 

The great development of the subject ^n our times 
began with the discovery of the cause of the change in 
the case of stars of the Algol Ever since 

the variability of Algol was observed, it was 
suspected to be due to a partial eclipse of the star by the 
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intorix>sition of a dark body nearly as large as the star 
revolving around it ; but this explanation remained only a 
surmise until Vogel of Potsdam, by repeated measurements 
of the motion of Algol in the line of sight, showed that 
the star is always recoding from us before the loss of 
light, and approaching us afterwanls. This was so exactly 
the result that would bo produced by the revolution of 
such a bfxly as that supposed tliat no doubt could remain 
on the subjec t, and by a legitimate induction the variations 
of all stars of the Algol type are now assumed to be partial 
eclipses caused by the interposition of a dark comi^anion 
moving around them. The number of stars of this class 
is small, only about twelve being yet known. This may 
bo partly due to the difficulty of detecting variations of 
the tyi>o. Owing to the temjKjrary cliaracter of the loss 
of light, the magnitude of such a star might be observed 
a great number of times without the variation being 
detected, since it would be noticed only when the obser- 
vation happened to bo made during the partial eclipse. 
The following list shows the main particulars relating to 
stars of this type, their positions, periods, magnitudes, and 
loss of light when eclipsed : — 


Variahle Stars of the Algol Type, 


Name. 

PosiUon. 

Period. 

Magnitude. 

Dtm- 

Inu* 

tioii. 

a A 

Dec. 

UnuuI 

Min 




h. ir». 

• 

(i. h m. 




U Gephoi . 



0 58 

+81 -3 

2 11 40*9 

7*1 

9*2 

21 

p Persei . 



8 2 

+40'fl 

2 20 48*9 

2*3 

8*6 

1*2 

A Tauri 



8 66 

+12*2 

8 22 62*2 

8*4 

4 2 

0*8 

K Gan. MaJ. 



7 16 

-19*2 

1 8 16*8 

6*9 

67 

08 

H GATiori . 



8 88 

+ 19*4 

9 11 87*8 

8*2 

9*8 

1*6 

H Antlla . 



9 28 

-28-2 

0 7 49 8 

97 

7*8 

06 

B Vwlorum . 



9 29 

-44-8 

6 22 24*4 

7 8 

9*8 

1*6 

5 Libisn 



It 69 

- 8*1 

2 7 61 4 

6 0 

9*2 

1*2 

U Corono) . 



16 14 

•} 82*0 

3 10 61 2 

76 

8*9 

1*4 

K Ath* 



19 81 

-69*8 

4 10 12 7 

09 

8 0 

1*1 

Z Hercules 



17 64 

•\ 16 1 

3 28 49 6 

71 

8*0 

09 

IIB HuKitiarii 



18 11 

-84*1 

2 9 68*9 

6*4 

7 6 

1*1 

Anoiiyiiioiis 



19 43 

+82 6 

9 0 88 

10 8 

12*9 

2*1 

Anonymous 



20 4 ! 

<1 49 0 

4 13 46 0 

9 0 1 

11 7 

27 

W Dulphiiii 



20 33 

4 17 9 

4 19 21 2 

96 

12*0 

2*6 


Another but analogous tyj)e of variation is that of 
P Lyrae. The characteristic of this type is that in each 
period there an^ two equal maxima and tw<i 
unequal minima. The variation of light is 
seemingly continuous. G. W. Meyers {Astro- 
physical Jownml^ vii.) has offered a theory of this type 
of variation which explains the phenomena so precisely 
that we cannot seriously doubt its correctness. Two un- 
equal bodies, so near together as to be almost in contact, 
revolve round each other. By their mutual attraction and 
the centrifugal force they are drawn out into prolate 
el]i{)Soids, each rotating in the same period as that of 
revolution, so that they revolve as a single mass. Each 
star i)artially or wholly eclipses the other in each revolu- 
tion. When the line of centres is at right angles to our 
line of sight, the two bodies present to us their greatest 
apparent surface, and therefore send us their maximum of 
light. As the line becomes oblique from the revolution 
they are seen more and more foreshortened, and conse- 
quently diminish in brilliancy. Were the two bodies of 
equal surface brilliancy, the apparent magnitude of mini- 
mum would be the same whichever was eclipsed. The 
inequality of the alternate minima indicates a difference 
in magnitude and brilliancy. It will seem that this type 
resembles the Algol ty])e in that the variations of light 
are due to the different aspects under which a pair of stars 
is seen as they revolve around each other, and especially 
by one star of the pair eclipsing the other, and not by any 
actual changes in the bodies themselves. It is now found 
that the two types merge into each other by insensible 
gradations. The principal intermediate typo is one in 
which, calling the two stars A and B, A eclipses B and B 


eclipses A at each revolution. In such a case, if the orbits 
were quite circular, it would be impossible by eye-observa** 
tion alone to distinguish this tyi)e from the Algft type, 
in which the eclipsing body is dark. But if the orbit is 
eccentric the alternate minima will occur at unequal 
intervals. Even if such is not the case, the period may 
be detected by spectroscopic measures of velocity in the 
line of sight, if only the star is bright enough to admit of 
its motion being determined in this way. 

Systems of Stars, Clusters, and Nebuke, 

Since 1880 there have been discovered great numbers 
of double stars, now more properly known as binary 
systems, which had formerly escaped detection, 
owing to the difficulty of ascertaining their 
character with telescopes less perfect than those 
of our time. Few general facts, however, have been 
brought out by these discoveries. The advance of our 
knowledge has mainly consisted in the more accurate 
determination of the elements of the orbits and the times 
of revolution of those systems whose period of revolution 
is less than a century. The trend of recent research is 
towards extending the conception of systems of stars almost 
indefinitely in two opposite directions. Since, with every 
increase of telescopic power, closer binary systems of 
shorter and shorter periods are found in constantly in- 
creasing numbers, we cannot set any limit either to the 
actual minuteness of such objects or to the shortness of 
the period. Far within the limit to which telescopic 
vision can ever extend, such systems are now being brought 
to light by the spectroscope. Tliese systems appear as a 
connecting link between certain variable stars on the one 
hand and the telescopic double stars on the other. Stars 
of the class to which the Algol type of variables belongs 
will appear to us to vary in brightness only in the very 
exceptional cases when the plane of the orbit which one 
body describes around the other passes so near our sun 
that the one seems to pass over the other, and so causes an 
eclipse. In all cases, except those in which the lino of 
sight is nearly perpendicular to the plane of the orbit, the 
revolution of the two bodies around their common centre 
of gravity will result in a periodic variation of the motion 
of each in the lino of sight. Such a motion may be 
detected by tho spectroscope. If only one of the two 
bodies is luminous, its motion will bo shown by a periodic 
change in the displacement of its spectral lines. This, so 
far as yet known, is the usual case. If both are luminous, 
esj)ecially if they do not differ much in brightness, the 
motion of revolution will be shown by a i)criodic doubling 
of the lines. When, were they visible, they would appear 
to us in conjunction, their spectra are merged into one, 
which will show nothing unusual ; but if one is moving 
from us and the other towards us, the spectral lines will be 
displaced in opposite directions, so that all of the lines 
strong enough to be seen in both spectra will ap|)ear 
double. 

But while there is thus no well-defined inferior limit to 
tho dimensions of systems of two stars, recent research 
shows that we cannot set any superior limit to the number 
of stars which may form a system or to the dimensions 
of such a system. Considering those binary systems 
whose components are distant from each other, we may, 
at the first step, meet with a difficulty in deciding whether 
two stars apparently near each other really form a system, 
or appear to us together because they happen to be in the 
8an\e line from us. If their distance is a very few seconds, 
the presumption would be in favour of a physical con- 
nexion. At greater distances the only evidence yet 
available is found in their relative motion. If the smaller 
star shares the proper motion of the brighter one, tho 
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OTidence of connexioii is nearly oonclusive. If it does not, 
we assume that they are simply two isolated stars. In 
the aAicle Astronomy {Ency, Brit, vol. ii. p. 820) it was 
shown that live stars of Ursa Major have a common proper 
motion, all moving nearly in the same direction and with 
equal velocity. But though no other case like this has 
yet been discovered, there are several cases of pairs of 
stars near each other betraying a relationship by their 
proper motion, which would never have been suspected 
on ary other ground. The two most remarkable cases of 
this sort are — (1) a imir of in H. A. 1 5 hours 4 minutes 

Dec. -15“ 54', five minutes apart, and (2) A Ophiuchi, 
which has a star of the same proper motion following it 
about 13'. It is not unlikely that pairs like these form 
binary systems with very eccentric orbits and long j)erioda 
of revolution. 

It does not now appear that we can draw any sharp 
line as regards numbers of stars between the binary 
systems which we have been considering and 
ciuaien. cl^ters whose components are too numerous to 
be counted. Triple or quadruple stars have long 
been familiar ; of the latter 0 Orionis in the great nebula of 
Orion affords a typical example. In this case two other 
stars much more minute belong to the system. Sometimes 
it is possible to make an actual count of the stars in a 
cluster, as is the case with Prflcsepo, in Cancer, which 
appears to the naked eye as a nebula, and which the tele- 
scope shows to be composed of a definite number of com- 
paratively bright stars. We have also such agglomera- 
tions as the great cluster of Hercules, where a complete 
resolution into stars is just i) 088 ible with the best tele- 
scopic power yet reached. The application of photography 
to these objects has thrown much light on their general 
character. Many of them have been photographed at the 
Harvard Observatory, but even there it has not always 
been possible to separate all the individual stars in the 
densest clusters. Perhaps the most remarkable feature 
brought out has been the great number of variable stars 
in some of the clusters. The following statement is 
extracted from a Harvard circular : — 


Cluster. 

(If Ceiitauri 
Messier 3 
Messier 5 


Stars 

ftxatnluod. 

3000 

900 

900 


Nurabrr 
of variabloB. 
125 
132 
185 


In all 509 variable stars were found among 19,050 
examined in twenty-three clusters, a number which exceeds 
that known to exist in the rest of the sky. l*crhaps the 
most interesting questions suggested by these cluster 
systems is that of their stability. On any probable hypo- 
thesis that we can make as to the constitution of the 
individual stars, their mutual attraction must be such as 
would bring them into a single mass in the course of a 
few thousand years. Why, then, have they not condensed 
into such a mass? Perhaps the most plausible answer 
that can now be made is that the individual stars are all 
moving in irregular orbits under their mutual attraction. 
If such be the case, the motion would be made manifest 
by the comparison of photographs taken at intervals of 
twenty, fifty, or 100 years. 

The questions which have arisen in our time resiKJcting 
the constitution of various nebulas, the changes which they 
N 0 buim individual forms, and their re- 

lations to the stars seen among them, are so numer- 
ous that no discussion of them is possible within our present 
limits. The greatest addition to our means of knowledge 
has been made, as in many other cases, by the application 
of photography. Here the works of Dr Isaac Roberts, 
F.R.S., and Dr A. A. Common, F.R.S., are worthy of 
special study ; their results are for the most part to be 


found in the publications of the Royal Astronomical 
Society. One fact brought out quite recently is the 
superiority of the reflecting telescope over the refractor in 
this connexion, owing to the absence of chromatic al narra- 
tion which, even in the secondary cliaracter it assumes in 
the best refracting telescojies, is very appreciable in the 
long exposures necessary. The great advantage of photo- 
graphy is duo to the fact that, in a clear dark sky, it is 
possible to obtain images of objects which escape vision. 
This is the cases not only with the smaller stars, but 
apparently in a still higher degree with the nebuhe. 
Among the most remarkable objects brought out by photo- 
graphy is a great nebulous mass winding through a con- 
siderable portion of the constellation Orion, first discovered 
by W. H. Pickering, and afterwards confirmed by Ikirnard. 
Among other remarkable nebulosities of this sort is one in 
the region of p Ophiuchi, photographed by Barnard in 
1894; while a third is the singular nebulosity surrounding 
the Pleiades, carefully studied by Barnard (Monthly Notices 
R, A, S, January 1900). Quite recently a suri)rising 
number of new nebulae have lx‘en photographed by the 
Crossley reflector of the Lick Observatory. Professtjr 
Keeler concludes that, judging from th(» number of these 
objects brought out with this instrument, there must l»e 
as many as 100,000 in the heavens, an av('rag»j of between 
two and three to every square degree. It would, there- 
fore, scarcely bo an overstatement to say that the heavens 
are to be regarded as filled with nebula?. Tlu* spectrum of 
these objects (soc Ericy. BrtL vol. ii. p. 821) seems to show 
that they are gaseous in constitution, as it consists almost 
wholly of a very snuill number of bright lines. An 
apparent exception is afforded by the grcnit nebula of 
Andromeda, which gives a continuous spectrum ; but in 
interpreting such a spectrum it must be noU‘d that a 
gaseous mass gives a bright line spectrum only when it is 
transparent through and through. If the mass is of suc'h 
size that a ray of light cannot jiass through it the spc‘c- 
trum will, in general, be continuous, like that of a solid 
body. If the sujicrticial portions are cooler an<i more 
tenuous than the interior, the continuous siiectnim Avill be 
crossed by dark lines, as in the case of an i!icandos(‘ent 
body surrounded by a cool atmosj»here. W(? conclude, 
therefore, that the continuous character of the spectrum of 
the Andromeda nobuliu does not pro^'c it to be composed 
of solid particles. The transparency of the nebulie in 
general, whicli would lie evident even without sj>ectrf>* 
scopic analysis, shows how extremely tenuous these 
masses are. We cannot seriously doubt that as a general 
rule their distances from us are at least as great as those 
of the tixed shirs, possibly much greater. In dimensions 
the most compact of them must far exceed our whole solar 
system ; prolmbly tin? great majority, even if we omit the 
diffused masses to which we can assign no definite out- 
line, may exceed the diameter of the orbit of Neptune a 
hundredfold. Yet wo have reason to lieliove that a ray 
of light would not suffer any sensible absorption, except 
selectively, in passing througli them. 

ConstituHcni of the Btars and Structure of the Heavens. 

The view that the sun and stars are not bodies fitted to 
exist for ever in their present form is strengthened by all 
recent researches on their constitution. They are 
now regarded as bodies of intensely hot matter 
in the gaseous state, continually losing energy by 
the radiation of their heat into space, anditherefore con- 
tracting in volume. This view was first developed by 
J. Homer Lane in a paper published about 1865 in the 
American Journal of Science ; but his results were merely 
embodied in mathematical formula?, and not stated with 
such distinctness as to command attention at the time. 

S. L — 95 
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More recently Hitter has developed the subject with great 
fulness in a series of papers published in the Leipzig 
Atmden der Phydk und Cfiemie, As we have not room 
for wen an abstract of these researches, we can state only 
what seem to l>e the most obvious conclusions. That the 
sun and stars are masses of gas is shown not only by their 
density, so far as ascertained, but by the fact that solid 
or liquid masses would cool with such rapidity that they 
w'ould cease to shine at the end of a few centuries. The 
8uj)erficial portions would first (50ol and eventually become 
solid. It was showr by I^ane that a mass of gas, held in 
CHiuilibrium by the mutual attraction of its i>arts, grows 
hotter through the loss of energy by radiation, because the 
temiKsrature gained by the resulting contmetion exceeds 
tliat lost by the radiation. The effect is analogous to 
tliat of a resisting medium upon a planet. The direct 
result would be to retard the motion of the planet, so 
that it would fall nearer to the sun, but the velocity 
gained by the fall would exceed that lost by the resistance. 
As a planet would go faster by being resisted, so the tern- 
])orature of a gaseous mass like a star rises as it contracts 
in volume. This rule ceases to hold when the attraction 
has become so great that liquefaction takes place, and then 
the radiation of light by the bo<ly is nearly at an end. 
Another result of the theory is that the greater the mass 
of a star the higher will be its temperature in a given 
stage of its development. Thfire may, therefore, be a 
wide range among the temperatures of the stars, the older 
and the larger ones generally being the hotter. 

The volume of a star is so great that its interior, 
though gaseous, is not transparent, and it therefore 
radiates heat only from its superficial portions. These 
are thus subjtjct to a rapid cooling process ; they probably 
liquefy or solidify, and then by their superior gravity sink 
into th(? interior and are replaced by gaseous masses from 
the interior. Thus a circulation is constantly going on, 
the hot matter of the interior rising to the surface, 
and the cool matter of the surface sinking to take its 
jdace. A star cannot radiate heat more rapidly than the 
heat is supjilied by this j»rocess ; coiise(|Ucntly, the super- 
ficial temjjorature is limited by the rapidity of circulation, 
which cannot go on at more than a definite rate, depending 
on the temjxTature and the nature of the gas. A neces- 
sary result of this view is that each star is constantly 
contracting in volume, and must continue to do so until 
the interior becomes liquid or solid. At this stage the 
increased friction resisting the circulation wull result in a 
continuous fall of the temperature of the surface, which in 
]»roces.s of time must cease to radiate light. Recent dis- 
coveries give colour to the hypothesis of evolution implied 
in this view' of the physical constitution of stars in general. 
Their agglomeration into systems is what we should natu- 
rally expect as the result of the condensation of irregular 
nebulous masses. 

One of the most suggestive conclusions of recent science 
is that the stars differ greatly in density, and that, in the 
Density largo majority of cases, the brighter one^ at least 
otthe are much rarer than the sun, probably even of 

Mtmrs. gaseous density. In the case of the Algol type 

of variable stars w’c can, by the comparison of the dura- 
tion of the eclipse w'ith the periodic time, form an 
approximate idea of the size of the star. If the elements 
of the orbit can bo determined, the mass will also become 
known, and thus we may form an idea of the density. 
So far as this /nothod has been carried out, the conclusion 
is that already stated. Revolving double stars, when the 
elements of the orbit b(5come known, afford evidence that 
points in the same direction. Knowing the parallax of 
a star and the elements of the 6rbit of a companion 
moving around it, we can determine the mass of the two 


bodies. Their absolute brilliancy compared with that of 
the sun is also known from the parallax and the apparent 
brilliancy ; and it is thus found that, while the nlkss of 
Sirius is a little more than double that of the sun, it emits 
some thirty times as much light. It is now known that a 
relation between the mass and brilliancy of a double star 
can bo derived from the elements of the api)arent orbit 
without a knowledge of the star's distance. Were all 
these bodies of the same density and the same intrinsic 
brilliancy per square mile of surface as the sun, then to 
every star of a given apparei^t magnitude, whatever its 
distance, would correspond a certain relation between the 
|)criodic time and the ajjparont moan distance of a com- 
panion revolving around it. Assuming the distance of 
the com}mnion to be 1'', its i>eriod on this hypothesis is 
shown for stars of various magnitudes in the following 
table : — 


Alagnltude. 

Period. 

y- 

Magnitude. 

Period. 

y- 

0 

0*9 

4 

]4*l 

1 

1-8 

5 

28-2 

2 

8*6 

6 

66-2 

S 

7-1 

7 

112-0 


If the apparent mean distance is different from V the 
time of revolution is given by Kepler’s third law* in the 
form T2 =- T^^ S* S being the mean distance in seconds, 
and T^ the period in the above table. In a large majority 
of double stars whose orbits have been approximately 
determined it is certain that the time of revolution is 
much greater than would result from this rule. It follows 
that the stars in general are either much less dense, or much 
more brilliant, than the sun. P'or reasons that wo cannot 
state here it is likely that the former alternative is more 
usual than the latter. It is remarkable that, in the case 
of those bright stars the mass of whoso faint companions 
has been determined, the brilliancy of the latter deviates 
in the opposite direction ; their masses are di8])roportional 
to their brightness. Thus the mass of the (;ompanion of 
Sirius is nearly half that of Sirius itself, although the 
latter gives several thoiisiind times as much light as the 
companion. The same is probably true of the companion 
of I'rocyon, and, in a less degree, of y Cassiopeia. It 
would seem that in these cases the companion, being of 
the same age as the bright star, has cooled off more rapidly, 
and iHjrhaps condensed to a solid or liquid. 

The variety of spectra among the stars also emphasizes 
the diversity of their physical constitution. Sir W, 
Huggins {FubHcat{o7i8 of Sir W, Ilugginds Ohaervatoryj 
vol. i. page 75) shows that the evidence of the spectro- 
scope agrees with the general evolutionary theory. The 
spectra of the stars may be made to fall into line, so as to 
form a series, leaving little room for doubt that the actual 
difibrences between them represent in the main successive 
epochs of star life rather than original differences of 
chemical constitution. When the spectra of close pairs of 
stars are examined, the difference between the two sets 
corresjionds to the view that the fainter star of the two 
is in a more advanced stage of condensation. 

The problem of the structure of the heavens, if structure 
they may be said to have, may be regarded as the ultimate 
one of sidereal astronomy. Branches of this 
l>roblem are the questions of the physical con- JIm 
stitution of the stars, their possible separation * 

into systems, the stability of those systems, and 
the duration and stability of the universe itself. The 
central question around which all the others may be 
grouped is that of the actual distribution of the stars in 
space. If we could determine the distance of a star as 
readily as we do its direction from us, this question would 
be immediately settled, and a geometric model of the 
universe could be constructed showing its form and 
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arrangement. But, with the exception of the few stars 
whoso parallax can bo measured, the distances of the 
individual stars are a matter of extremely vague and un- 
certain inference, and not even the mean distance of any 
class or group can bo settled definitely by any one method 
of research. 

It will conduce to clearness in bringing out the bearing 
of various facts on the problem in question if we sttite its 
main point in advance. The most definite form in which 
it may bo considered by the astronomer is this —As, by 
increasing the power of our telescopes, we sc'o smaller and 
smaller stars — are the smallest that are brought into view 
no more distant than others already known; are they 
within the sphere of others already observed, or, does 
every increase of telescopic power bring into view stars 
farther away ? To put the question into another shape — 
Is the universe of stars limited in extent? Intimately 
associated with this is the question of the actual distribu- 
tion in space of the stars which we see with our telescopes. 
Whether the universe is finite or infinite, it is certain that 
the portion which we see is of finite extent, lias this 
visible portion a definite boundary, and, if so, what is the 
figure of this boundary ? The statement of this question 
may suggest a doubt as to the possibility of answering it. 
Since the range of vision of our telescojKis is necessarily 
limited, is it not necessarily impossible for us to gather 
evidence of the finitude of the universe? If 
Limit of with every increase of power we see smaller 
uttivom, ^^5 cannot estimate the distance, 

how can wo decide that we are not simply penetrating 
farther into a mass of infinite extent ? An answer to this 
is reached by the following consideration ; — So far as stars 
of various magnitudes have yet been counted there are 
about three times as many of each order as of the order 
next brighter. For example, there are three times as many 
stars of the 7th magnitude as of the 6th, three times 
more of tho 8th, and so on, to at least the 10th or 11th 
magnitude, a point beyond which the count is uncertain. 
An individual star of each order gives about four-tenths 
the light of one of the next brighter order. It follows 
that the total amount of light which we receive from all 
tho stars of any one order continually increases as we go to 
the fainter orders, tho greater nunil)er of tho stars more tlian 
comiHsnsating for the less amount of light received from 
each. Consequently, if the stars continued indefinitely so 
would the total amount of light received from them, and 
the heavens would be filled with a blaze as bright as the 
sun. As such is not the case, tho series must stop. Where 
tho stopping-point is, we cannot exactly say ; but, so far as 
we can judge from appearances, it can go little farther 
than the count lias thus far extended, except iierhaps 
in tho Milky Way. Wo have therefore every reason to 
believe tliat by an increase in the power of our telescojies 
the number of now stars brought into view would begin to 
diminish, thus showing the totel number to be limited. 
Hence wo conclude that tho universe of stars wliich we 
study has some bounding limit. Tho question now is, 
Can we form any conception of the limit and of tho 
arrangement of the universe within it? 

Direct observation of the apparent distribution of the 
stars, irrespective of any question of their arrangement, 
makes one feature of the universe certain. The stars 
which compose it are not equally numerous in every 
direction ; a largo majority lie in or near tho zone of the 
Milky Way. What follows from this fact may be readily 
seen from Fig. 4, which we conceive to represent 
Porm of section of the universe by a plane perpendicu- 
aoivone. ^a^y^ g position of 

the sun, which, for tho moment, we may conceive to be 
near the centre. What we actually observe is tliat a 


very large majority of tho stars are contained within * 
the regions ASB and CSD, while the number contained 
within the larger angles, BSD and ASC, is relatively 
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small. An indefinite number of arrangements, all con- 
sistent with this fact, may bo conceived ; but they are all 
in some way intermediate between tho following : — 

I. All, or at least tho great mass of, tho stars may be 
contained between two ])lanes, AC and 111), ])arallel to tho 
Milky Way. Wo see more stars in tho region A SB and 
CSD, because there is, so to s]»eak, a gnsitiT depth of 
stars there, while toward M and N we see only a com- 
paratively thin stratum, I’his w^as the view develoi>ed first 
by tho elder Horschel and then by Struve in his Htwhs 
d* AntroTvottde Stdlaire, 

II. The actiuil form of the universe may bi spherical, 
tho galaxy being formed by a dense ring of stars around 
the sphere. 

III. Tho same hypothesis of a universii sidierical in 
general form may be made, but. instead of being a ring, the 
galaxy is a number of clusters of stars mostly situated near 
one central plane. 

The hypothesis that tho boundary of the universe is 
spherical admits of being tested in a very simple way. 
Were such the case, the stars would be cMiually numerous 
throughout the reghms ASC and BSD, the increase in their 
numlSr beginning only when we reached the boundary of 
I the Milky Way. But all the counts of stars yet made, 
from tho time of Horschel till now^, show that tho number 
of stars per sijuare degree continually increases from tho 
two poles of the galaxy to the galaxy itself. l^Ioroover, 
the rate of increase is as rapid as it would be if the bound- 
ary of the universe were tw’o jdanes parallel to tlie galactic 
j)lano. Unless we make a very improbable hy]>othe8is as 
to the distribution of the stars around us, this fact must 
lead us to the conclusion that wo actually see to the limits 
of the universe in all directions away from the galaxy. 
For, if wo did not, the increase in tho number of stars in 
tho direction of the galaxy could not ho so rapid as it is. 
It would seem therefortj that the first hy])othosis of the 
form of the uiiiversci, that of Horschel and Struve, must bo 
at least an apjiroximation to the truth. But that it is not 
the whole truth will be evident on farther consideration. 

We have room only to state in tlie briefest way the 
main facts, so far brought to light, on which our conclu- 
sion must be l)ased. Beginning with the region inimedi- 
ately around us, wliat evidence have we of the distribution 
of the stars, especially of their tendency to condense in 
tho direction of the Milky Way? If we consider that 
greater brilliancy of Ihe stars inqdies greater nearness to 
us, then we should answer this question by considering 
tho relation of the brighter stars to tho galaxy. It is a 
remarkable fact tliat the condensation towards the galactic 
zone liegins with tho brighter stars -wo might even say 
with those of the first magnitude— thouglf we can hardly 
conceive this to be anything else than the result of acci- 
dent. From Schiaparelli’s maps of the distribution of the 
stars visible to the naked eye, the ix)sition of the Milky 
Way can be laid down with great exactness. But this 
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’ does not show that the (M^ndensation in the plane of the square where the stars are comparatively few in number. 
Milky Way begins with the nearest stars ; it only shows This is in general true of the openings in this region. We 
that some of the brighter «tarH are as far as the Milky conclude from this that in the latter we have a phenomSnon 
Way, and emphasizes the extraordinary difference in their distinct from that of merely increased star density arising 
absolute brightness. from greater depth. Our general conclusions as to the 

As we have already said, the proper motions of the structure of the universe may be summed up in these four 
stars afford the l)est index to their distance. Now it is propositions : — 

a remarkable and suggestive fact that, when we make a 1. The general form of the universe of stars to which 
count of the stars of known projier motion in every our sun l^loi^gs is that of a flattened cylinder, or 
direction, we find them to be no more numerous in the extreme oblate spheroid, as was supposed by Herschel 
rt'gion of the Milky Way than elsewhere. It appears and Struve. 

therefoi'c tliat the stars which compose the Milky Way are 2. The phenomenon of the Milky Way is not due alone 
outside the limits within which proper motion has lieen to the fact that we see more stars in the equatorial regions 
detected, and that within these limits the stars are distri- of this spheroid, but to the fact that this region is occupied 
buted with a fair approach to uniformity. A careful look through its entire extent by a series of agglotnerations of 
at the Milky Way, especially the region south of Aquila, stars, within which s^ce is richer in stars than in the in- 
will suffice to show that it suggests agglomerations of terior where we are situated. 

stars rather than a continuous zone in which there is a 3. Our sun is situated near the central plane of the 
uniform distribution of the stars. Moreover, it seems that spheroid, but eccentrically so as to be nearer the boundary 
our system is nearer to this part of the Milky Way than in a direction of perhaps 18 hours in right ascension, 
to the opposite ; in other words, we an) not centrally between the equator and 50“ of south declination, 
situated. It is a remarkable fact that in the intervals 4. It is ^lossible, but not yet certain, that we are so 
Ixitween the brighter i)ortion8 of the Milky Way, about near the galactic stars in this re^on that we may soon be 
17 hours of right ascension and between 20“ and 22“ enabled to discover a proper motion among them, 
of south declination, we have regions several degrees (s. v.) 


AstrapftliAf classical Astypalcea^ an island with 
good harbours, in the south part of the Aegean, situated in 
30*5“ N. lat. and immediately west of 26*5“ E. long. The 
Homan cjnperors recognized it as a free statt' ; and in the 
Middle Ages it was called Stampaliu^ and belonged to the 
noble Venetian family of Quirini. It was taken by the 
Turks in the 16th century, and is now noted for its 
s[K)nges. llu' customs and dress of the people, who speak 
a patr>is of romaic origin, are interesting. 

Asua, R. See Nu.K. 

Asuncion, or La Asuncion, capital of the 

Paraguay Itepublic, is situsited on the left bank of the 
Paraguay river, in 25“ 16' 04" S. lat. and 57“ 42' 40" 
W. long. The ]>opulation in 1887 was 24,838, but it 
now exceeds 47,000. Kailway communication has been 
established with Pirajid, and the town is rapidly becoming 
modernized. It is served by a tramway, has its ])rincipal 
streets lighted by electricity, and is well supplied with 
telephones. Tliere are a National College, attended by 
over two hundred students, a public library, and, in the 
neighbourhood, an agricultural school with a model farm. 
Near the town, too, are several breweries, tanneries, flour 
mills, and fiu*tories for matches, soap, bricks, earthenware, 
palm-leaf liats, etc. lii 1890 the imports were valued at 
$2,725,611 (gold), ill 1899 at $2,147,838; exports were 
valued at $2,901,589 in 1890 and $2,021,023 in 1899. 
Both imjiorts and exports fluctuate considerably in value. 
In 1898 in tlie foreign trade only 418 vessels (mostly 
“ liners ”) entered, and 408 cleared. 

Atbara, R. See Abyssinia. 

AtChiSOIlp the capital of Atchison county, Kansas, 
IJ.S.A., in 39“ 34' N. lat. and 95“ 8' W. long., on the 
west bank of ^e Missouri. The river is navigable at 
this point. The elevation on the river bank is 795 feet, 
most of the city being situated at a higher level. The 


city is divided into five wards, is regularly laid ^t, 
supplied with water by jmmping from Missouri river, Wd 
is well drained. It is entered by four great railways, 
the Atchison, Topeka and Santa F6, the Chicago, Bur- 


lington and Quincy, the Chicago, Rock Island and 
Pacific, and the Missouri Pacific. It is the site of Midland 
and St Benedict colleges. Founded in 1854, it at" 
grew rapidly, and four years later it received 
charter. Poimlation (1880), 15,105; (1890)^ 

(1900), 15,722. ^ 


Ath, a town of Belgium, in the province of Hainaut, 
on the river Dender, about 30 miles by rail from Brussels. 
The tower of the church of Saint- Julien now lacks the 
high spire for which it was noted, and the ancient Tour 
du Burbant has become ruinous. Population (communal) 
(1880), 9301 ; (1890), 9868; (1897), 10,646. 


AthabaSCfli {Athupescoiv or Elh\ a river of Alberta 
and Athabasca districts, Canada, rises in the Rocky 
Mountains in 52“ 10' N. lat. and 117“ 10' W. long., and 
flows in a north-easterly direction into the lake of the 
same name. It is 740 miles long and has a iiumbcir of 
important tributaries, including the McLeod, Pembina, 
Lesser Slave, and Clearwater. Athabasca Lake is 195 
miles long, W. to E., from 20 to 32 miles wide, has an 
area of 3085 square miles, and is at an altitude of 690 
feet above the sea. Shallow-draught steamers navigate 
the lake and river and Lesser Slave Lake and River 
with one interruption — ^at Grand Rapids near the mouth 
of the Clearwater river. 


For Athabasca district see Nobth-Wkst Teuritoiuks. 

AthBnryy an inland town in the county of Galway, 
Ireland, 14 mdes E. of Galway, on the Midland Great 
Western Railway. The old Dominican monastery was 
extensively repaired by the Board of Works in 1893. 
Population, 910. 
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ATHENS. 


I. — Ancient Athens. 

R ecent investigation on scientific lines has thrown a 
new and unexpected light on the art, the monu- 
ments, and the topography of ancient Athens. Numerous 
and costly excavations have been carried out by the 
Greek Government and by native and foreign scientific 
societies, while accidental discoveries have bron frequently 
made during the building of the niodcm town. The 
museums, enriched by a constant inflow of works of art and 
inscriptions, have been carefully and scientifically arranged, 
and afford opportunities for systematic, study denied to 
scholars of the past generation. Improved means of 
communication have enabled many acute observers to 
apply the test of scrutiny on the spot to thocjries and coti> 
elusions mainly based on literary evidence; five foreign 
schools of archaeology, directed by eminent schplars, lend 
valuable aid to students of all nationalities, and lectures 
are frequently delivered in the museums and on the more 
interesting and important sites. The native archaeologists 
of the present day hold a recognized position in the 
f'fwiontific world ; the patriotic sentiment of former times, 
^ which prompted their zeal but occasionally waqied their 
judgment, has been merged in devotion to science for its 
o^ Mke, and the su{)ervision of excavations, as vrell as 
tl^^'dbntrol of the art-collections, is now in highly com- 
petent hands. Athens has thus Ix^come a centre of 
learning, a meeting -place for scholars, and a basis for 
research in every part of the Greek world. The attention 
^ya^ny students has naturally been concentrated on the 
' ^^HjpUcity, the birthplace of European art and literature, 
'*nRSI^great development of investigation and discussion in 
tto ^cial domain of Athenian archaeology has given 
rise & a voluminous literature. Many theories hitherto 
universally accepted have been called in question or 
proved to be unsound ; the views of Leake, for instance, 
have been challenged on various points, though many 
of the conclusions of that great topographer have been 
justified and confirmed by modem research. The supreme 
importance of a study of Greek anthiuitios on the s^iot, 
long understood by scholars on the Continent and in 
America, is gradually coming to be recognized in England, 
where a close attention to ancient texts, not always 
adequately supplemented by a course of local study and 
observation, has hitherto fostered a peculiarly conservative 
attitude in regard to the problems of Greek archseology. 
Since the foundation of the German Institute in 1874, 
Athenian topography has to a large extent become a 
speciality of German scholars, among whom Wilhelm 
Dorpfeld occupies a pre-eminent position owing to his 
great architectural attainments and unrivalled local 
knowledge. Many of his bold and novel theories have 
provoked strenuous opposition, while others have met with 
general acceptance, except among scholars of the more 
old-fashioned type. 

Prehifttoric Athena , — Numerous traces of the ‘‘My- 
cenaean ” epoch have recently been brought to light in 
Athens and its neighbourhood. Among the 
cSadaL B^onumonts of this age discovered in the sur- 
rounding districts are the rock-hewn tombs of 
Spata, accidentally revealed by a landslip in 1877, and 
the domed sepulchre at Menidi, near the ancient Acharnue, 
excavated by Lolling in 1879. Other “ Mycenssan ” land- 
marks liave been laid bare at Eleusis, Thoricus, Halse, and 
Aphidna, These structures, however, are of comparatively 


minor importance in point of dimensions and decoration ; 
they were apparently designed as places of sepulture for local 
chieftains, whose domains were afterwards incorporated in 
the Athenian realm by the <rvvoiKtxr/juj^ attributed to 
Theseus. Tin* situation of the Acropolis, dominating the 
surrounding x>lain and f>osses8ing easy communication with 
the sea, fa\ourcd the formation of a relatively i)owerful 
state — infeiior, however, to Tiryns and Mycenae; the 
myths of (^ccrops, Erechtlieus, and Theseus bear witness 
to the miglit of the princes who ruled in the Athenian 
citadel, and here we may naturally expect to find traces of 
massive fortifications resembling in some degree those of 
the great Argolid cities. Such, in fact, have been brought 
to light by the recent excavations on the Acropolis (1885- 
1889). Remains of primitive polygonal walls which 
uiidoubteclly surrounded the entire area have l)een found 
at various points a little within the circuit of the existing 
parapet. The best prcsc^rved portions are at the eastern 
extremity, at the northern side near the ancient “ royal 
exit, and at the south-western angle. The course of the 
walls can bo traced with a few interruptioii.s along the 
southern side. On the northern side are the fouTulations 
of a primitive tower and other remains, apparently of 
dwelling-houses, one of which may have been the wkivo^ 
^ofio<s mentioned by Homer ((M, vii. 81). 

Among the foundations were discovered fragments of 
“MycenaBan” pottery. The various approaches to the 
citadel on the northern side — the rock-cut flight of steps 
north-east of the Erechtheion, the stairs leading to the 
well Clepsydra, and the intermediate passage supposed to 
have furnished access to the Persians — are all to he 
attributed to the ])rimitive epoch. Two jiieccs of poly- 
gonal wall, one beneath the bastion of Nike Apteros, the 
other in a direct line between the Roman gateway and the 
door of the Projiyleea, are all that remain of the primitive 
defences of the main entrance. 

These early fortifications of the Acrojiolis, ascrilied to 
the primitive non-Hellenic Pelasgi, must be. (iistinguished 
from the Pelasgicum or Pelargicum, w'hich 
was in all probability an encircling wall, built gicum. 
round the base of the citadel and furnished 
with nine gates from which it derived the name of 
Enneapylon. Such a wall would bo required to protect 
the clusters of dwellings around the Acropolis as well as 
the springs issuing from the rook, while the gates oikjii- 
ing in various directions would give access to the sur- 
rounding pastures and gardens. This view, which is that 
of Ourtius, alone harmonizes with the statement of 
Herodotus (vi. 137) that the wall was “ around ” (Trept) 
the Acropolis and that of Thucydides (ii. 17) that it was 
“ beneath ” {vwo) the fortress. Thus it would apiicar that 
the citadel had an outer and an inner line of defence in 
pre-historic times. The space enclosed by the outer wall 
was left unoccui)ied after the Persian wars in deference to 
an oracmlar response apparently dictated by military con- 
siderations, the maintenance of an open zone being 
desirable for the defence of the citadel. A portion of the 
outer wall has been recognized in a piece of primiti\o 
masonry discovered near the Odeion of Hcrodes Atticus ; 
other traces will probably come to light when the northern 
and eastern slopes of the Acropolis have completely 
explored. Leake, whom Frazer follows, assumed the 
Pelasgicum to bo a fortified space at the western end of 
the Acropolis ; this view necessitates the assumption that 
the nine gates were built one within the other, but early 
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« antiquity furnishes no instance of such a construction ; I Pan to the sacred precinct of Asclepius. The ‘weU-known 
Durpfcld believes it to have extended from the grotto of | imssage of Lucian {Fucaior 47) cannot be regard^ as 



decisive for any of the theories advanced, as any portion Curtius and Milchhdfer) the terraces of the Pnyx with the 
of the old emeiiUe^ dismantled by the Persians may have wall of massive masonry supporting the lower 
retained the name in later times. platform : the theory of these scholars, how- Pnyx, 

To the Pelasgic era may also be referred (with ever, that the whole precinct was a sanctuary of the 









ATHENS 759 


Pelasgian Zeus cannot be regarded as proved, nor is it 
easy to abandon the generally received view that this was 
the s^ne of the popular assemblies of later times, notwith- 
standing the apparent unsuitability of the ground and 
insufficiency of room for a large multitude. These diffi- 
culties are mot by the assumption that the Cyclopean 
retaining-wall rose to a considerable height, supporting a 
theatre-like structure capable of seating many thousand 
persons. The pre-historic rock-dwellings in this neigh- 
bourhood (the quarter of Melite) have been found to 
extend to a considerable distance towards the S.E. in the 
direction of Phaleron. 

The Hellenic Period . — ^While modern research has added 
considerably to our knowledge of pre-historic Athens, a 
still greater light has been thrown on the arcluteciure 
and topograjihy of the city in the earlier historic or 
“ archaic ” era, the subsequent age of Athenian greatnass, 
and the period of decadentMi which set in with the Mace- 
donian conquest. We must here group these important 
epochs together, as distinguished from the later period of 
Iloman rule, and confine ourselves to a chronological 
record of the principal discoveries by which they have 
been illustrated in recent years. 

In 1870, the Greek Arclneological Society undertook a 
series of excavations in the Outw Cerameicus wliujh had 
already been partially explored by various 
scholars. The operations, which were carried 
J870 r4. on at intervals till 1890, resulted in the 
Tbe discovery of the Dipylon Gate, the principal 

Dipyloa, entrance of ancient Athens. The Dipylon 

consists of an outer and an inner gate separated by an 
oblong courtyard and fianked on each side by towers ; the 
gates were themselves double, being each composed of two 
apertures intended for the incoming and outgoing traffic. 
An opening in the city wall a little to the south-west, 
supposed to have been the Sacred Gate (Upa Trvkrj), was in 
all probability an outlet for the waters of the Kridanus. 
This stream, which has hitherto been regarded as the 
eastern branch of the Ilissus rising at Kmsariane, has 
been identified by Doqifeld with a brook descending 
from the southern 8 loi )0 of Lycabettus and conducted in 
an artificial channel to the north-western end of the city, 
where it made its exit through the walls, eventually joining 
the Ilissus. The channel was open in Greek times, but 
was afterwards covered by Roman arches ; it appears to have 
served as the main drain of the city. Between this outlet 
and the Dipylon wore found a boundary-stone, inscribed opos 
KepafieiKov, which remains in its place, and the foundations 
of a large rectangular building, possibly the PonijKjion, which 
may liave been a robing-room for the processions which 
passed this way. On both sides of the Dij)ylon the walls 
of Themistocles, faced on the outside by a later wall, 
have iHjen traced for a considerable distance. The ex- 
cavation of the outlying cemetery revealed the unique 
“Street of the Tombs” and brought to light a great 
number of sepulchral monuments, many of which re- 
main in situ. Especially noteworthy are the stelce or 
reliefs representing scenes of leave-taking, which, thougli 
often of simple workmanship, are cliaracterized by a 
touching dignity and restraint of feeling. In this 
neighbourhood were found a great number of 7th cen- 
tury tombs containing pottery with geometric designs. 
A considerable portion of the district remains unex- 
plored. 

Within the same period was carried out the complete 
excavation of the Dionysiac theatre. The siti^, w’hich had 
The accurately determined .by Leake, was 

DionyslMo explored by Struck in 1862, and the researches 
theatre, subsequently undertaken by the Greek Archajo- 
logical Society were concluded in 1879. It was not, 


however, till 1886 that traces of the original Greek 
orchestra were pointed out by Dorpfeld. The arrange- 
ments of the stage and orchestra as we now see them 
belong to Roman times; the cavea or auditorium dates 
from the administration of the orator Lycurgus (337-323 
B.C,), and nothing is left of the theatre in which the ]»lays 
of .^schylus and Sophocles were acted, save a few snndl 
remnants of i>olygonal masonry. These, however, are 
sufficient to mark <jut the circuit of the ancient orchestra, 
on which the siibseque?it1y- built proscenia encroaclied. 
The oldest stage building w'ds erected in the time of 
Lycurgus *, it ('(msisted of a rectangular hall with square 
projections {Trapaa-k/jina) on each hide; in front of this 
was built in latc' Greek or early Roman times a stage with 
a row of columns which intruded uj)on the orchestra space ; 
a later and larger stage, dating from the time of Nero, 
advanced still further into the orchestra, and this was 
finally faced (probably in the 3rd century a.d.) by the 
“liema” of Phuidrus, a platform-wall decorated with 
earlier reliefs, the slabs of wiiich were cut down to suit 
their now }>osition. The remains of two temples of 
Dionysus have been found jidjoining the stoa of the 
theatre, and an altar of the bame god lulorned wdth 
masks and festoons : the smaller and earlier temple 
probably dates from the Gth century B.r., the larger 
from the end of the 5th or the beginning of the 4th 
century. 

Immediately west of the theatre of Dionysus is the 
sacred precinct of Ascleidus, wdiich was excavated by 
the Archaiologioal Society in 1876-78. Here 
were discovered the foundations of the celebrated Atcie- 
Asclepieion, together with several inscriptions 
and a great number of votive reliefs offered by grateful 
invalids and valetudinarians to the god of healing. Many 
of the reliefs belong to the best i>eriod of Greek art. A 
Doric colonnade with a double row of columns was found to 
have extended along the l)ase of tJic Acropolis for a distance 
of 54 yards ; behind it in a chamber hewn in the rock is 
the sacred well mentioned by Pausanias. The colonnade 
was a place of resort for the )>atients ; a large building 
close beneath the rock was probably the abode of the 
priests. 

The great excavations on the Acropolis, begun in 
November 1885 and completed in Deceml>er 1888, rank 
among the most siirjjrising achievements of 
modern research. The results of tliese oj)era- excavatioa 
tions, which were conducted by the Arclneo- of the 
logical Society under the direction of Kavvatlias 
and Kawerau, must be summarized with tlie 
utmost brevity. The great deposits of sculpture and 
jiottcry now unearthed, representing all that escaped from 
the ravages of the Persians and the burning of the ancient 
shrines, afford a startling revelation of the dc\'olopment 
of (Reek art in the 7th and 6th centuries. Numbers of 
statues — among them a series of draped and richly-coloured 
female figures — masterpieces of jminted pottery, only 
equalled by the Attic vases found in Magna Grmcia and 
Etruria, and numerous bronzes, were among the treasures 
of art now brought to light. All lH.*loiig to the “archaic” 
epoch ; only a few remains of the greater age were found, 
including some fragment.s of s(!uli)tures from the Parthenon 
and Erechtheion. Among the inscriptions now discovered 
was a record of the gold and ivory bought for the great 
statue of Athena Parthenos, which enables us to determine 
the ratio of silver to gold in the age of Phidias. We are 
jirincipally concerned, however, with the resihlts which add 
to our knowledge of the topograiffiy and architecture of 
the Acropolis. The entire area of the summit was now 
thoroughly explored, the excavations being carried dow^n 
to the surface of the rock, which on the southern 
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side was found to slope outwards to a depth of 14 
metres. In the lower strata were discovered the rem- 
nants of Cyclopean or pre- historic architecture already 
mentioned. 

The foundations of the Parthenon were now for the first 
time completely investigated, as well as the area of the 
interior. The huge substruction, probably built 
under CJimon’s administration soon after the 
« waoii, jy 250 feet long by 105 feet 

broad ; it was designed for a longer and somewhat narrower 
builtliiig than the Parthenon, the stylobate of which 
measures 228 feet by 101. This earlier or Cimonian 
temple, which was never finished, was of Pentelic marble, 
with eight columns at the ends and nineteen at the sides ; 
only some of the lower drums, which are unfluted, have 
been found, and there is nothing to show that an upper 
portion ever existed. With regard to the interior of the 


E N S 

Parthenon much controversy exists ; the western compart- 
ment, which corresponds to the opisthodomos in other 
temples, appears to have been the Hapdevoiv proper or 
“maiden’s chamber,” and like the eastern compartment, 
or “ Hekatompedon,” to have given its name to the whole 
building; the arrangement and interpretation of the 
sculptures have also been a fertile theme for discussion. 
For details regarding the Parthenon and the older temple 
the special authorities enumerated in the bibliography 
should be consulted. In the deep interval between the 
substruction and the south wall of the Acropolis ran a long 
retaining-wall constructed for temporary use during the 
building of the temple. The lower portion of the sub- 
struction is believed by Penrose to have been the foundation 
of the ancient “Hekatompedon ” destroyed by the Persians. 
The name was subsequently ai>plied to the ccUa or eastern 
chamber of the Parthenon, which is exactly 100 feet 
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Cyclopean Masonry. 


long, and also Ixicame a popular designation of the temple 
itself. 

The ancient Hekatomiicdon, however, may in all prob- 
ability 1)0 idontified wdth an early temple, also 100 feet 
The old foundations of which were pointed out 

temple of in 1885 by Dorpfeld on the ground immediately 
Atbenm* iwljoining the south aide of the Krcchtheion. 
On this .sj)ot was apparently the j)rimitivo sanctuary of 
Athena, the rich tonjj»Io (ttiwc vijos) of Homer, in which 
the cult of the goddess was associated with that of Erech- 
theus (//. ii. 549); the Homeric temple is idontified by 
Furtwangler with the “compact house of Erechtheus” 
{Od, vii. 81), which, ho holds, was not a royal palace but 
a place of worship, and tra(‘es of it may perhaps be recog- 
nized in th(j fragments of prehistoric masonry enclosed 
by the existing foundations. The foundations seem to 
belong to the 7th century, except those of the colonnade, 
wliich was added possibly by Pisistratus. According to 
Dorjifeld, this* was the “ old tenijile ” of Athena Polias, 
freciiiently mentioned in literature and inscriptions, in 
which was housed the most holy image or (6avoy of the 
goildess which fell from heaven ; it was burnt, but not 
completely destroyed, during the Persian war, and some of 


its external decorations were afterwards built into the 
north wall of the Acropolis ; it was subsequently restored, 
he thinks, with or without its colonnade — in the former 
case a portion of the peristyle must have been removed 
when the Erociitheion was built so as to make room for 
the porch of the maidens ; the building was set on fire in 
406 B.o. (Xen. B^elL i. 6. 1), and the conflagration is 
identical with that mentioned by Demosthenes (In Timocr. 
xxiv. 155) ; its o])isthodomo8 served as the Athenian 
treasury in the fifth and fourth centuries ; the temple is 
the dpx<iw^ veo>s IloAidSos mentioned by Strabo 
(ix. 1 6), and it was still standing in the time of Pausanias, 
who applies to it the same name (i. 27. 3). The conclusion 
that the foundations are those of an old temple burnt by 
the Persians has been generally accepted, but other portions 
of Dorpfeld’s theory — more especially his assumption that 
the temple was restored after the Persian war — have 
pfovoked much controversy. Thus J. G. Frazer maintains 
the hitherto current theory that the earliest temple of 
Athena and Erechtheus was on the site of the Ercchtheion ; 
that the Erechtheion inherited the name dpxaios vccus 
from its predecessor, and that the “opisthodomos” in 
which the treasures wore kept was the west chamber of 
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the Parthenon; Fiirtwangler and Milchhofer hold the 
strange view that the ** opisthodomos ” was a separate 
building at the east end of the Acro]x>]is, while Penrose 
thinks the building discovered by Dorpfeld was possibly 
the Cocropeion. Curtius and J. W. White, on the other 
hand, accept Dorpfeld’s identihcation, but believe that 
only tho western portion of the temple, or opisthodomos, 
was rebuilt after the Persian war. Admitting the identi- 
hcation, we may perhaps conclude that the temple was 
repaired in order to provide a temporary home for the 
venerated image and other sacred objects : no traces of a 
restoration eodst, but the walls probably remained stand* 
ing after the ]?ersian conflagration. The removal of 
the ancient temple was undoubtedly intended when the 
Erechtheion was built, but superstition and popular fccl* 
ing may have prevented its demolition and tho removal of 
the (oavov to the new edifice. Tho temple consisted of an 
eastern cella with pronaos ; l)ehind this was the opistho- 
domos, divided into three chamlnsrs — po.s8ibly treasuries 
— with a portico at the western end. The jHiristyle, if wo 
compare the measurements of the stylobate with those of 
the drums built into the wall of the Acropolis, may ha 
concluded to have consisted of six columns at the ends 
and twelve at tho sides. 

Tho internal arrangements of the Erechtheion are still a 
subject of controversy. Tho jieculiar dt»sign of the temple 
is attribiitablo to tho necessity imj)osed on the 
including within tlie building a 
number of sacred places, and combining several 
cults. Within its precincts Pausanias (i. 26. 5) found 
altars to Poseidon, with whose worship that of Erechtheus 
was associated, to the hero Butes and to He]ihiostus, also 
a well of salt water and the imprint of Poseidon’s trident. 
Whether ho also found here the ancient image of Athena 
and her ever-burning lamp is ojKiii to doubt owing to the 
vagueness of his language ; he may mean to attribute 
these objects cither to the Erechtheion or to the old 
temple adjoining it. If ho places them in the Erechtheion 
that name can strictly apply to only a portion of the 
existing building, the remainder of the temple, which he 
descrilies as “double,” being tho “stinctuary of Athena” 
(vaos ttJs TToAtttSo?) which he subsequently mentions. On 
this assiimj)tion the eastern and larger chamber of tho 
Erechtheion has generally been identified with the shrine 
of Athena Polias. The western chamber adjoining tho 
porch of the Maidens may possibly have eoiibiined the 
tomb of Cecrops, and the altars mentioned by Pausanias ; 
the identification of the rock-hewn cistern beneath the 
pavement in this compartment with the salt well of 
Erechtheus is very doubtful. The mark of the trident is 
in the crypt beneath the north portico. I’lic beautiful 
north door of tho temple is held by E. Gardner and R. 
Schultz {Journal Hell, Stud. 1891) not to be identical 
with the original one, the present heavy door-jambs and 
the lintel being restorations. 

The excavation of tho Pandroseion or temenos of Pan- 
drosos, the daughter of Ccjcrops, which adjoins the Ercch- 
Th 9 Pmn^ theion on the west, has revealed no traces of 
droMelott a temple. The site of this ])recinct, in which 
and Chal^ the sacred olive tree of Athena grow, has 
Gothaka. almost certainly fixed by an inscription 

found in the bastion of Odysseus. At its north-western 
extremity is a platform of levelled rock which may have 
supported the altar of Zeus Hypsistus. The excavation of 
the ground immediately west of the Parthenon brought 
to light the remains of a large rectangular building, 
apparently fronted by a colonnade This has been identi- 
fied with the Chalcotheke, a storehouse of bronze imple- 
ments and arms, which was formerly supposed to lie against 
the north wall near the Propylaea. The site was hitherto 
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erroneously believed to be the temenos of Athena 
Ergane. The adjoining temple of Nike is proved by an 
inscription found in 1896 to have been built before the 
Propyltea. 

During the course of the excavations on the Acrojiolis 
the bastion built by the Greek chieftain Odysseus, to 
protect the staircase leading down to the well |jei„ov«/ o/ 
Clepsydra below the north-western cliff, was hlatoric 
demolished. The “ Tower of the Franks,” moau- 
an interesting remnant ol the Midille Ages 
which stood near the temple of Nike, hacl been taken 
down in 1874, despite the protests of PVeoman, Penrose, 
and other scholars. The ])rojccted removal of the Turkish 
minaret in the south-west corner of the Parthenon has 
happily not been carried out ; its preservation is essential 
to the stability of the adjoining masonry. 

In 1 892 Dorpfeld began a series of excavations in the 
district between the Acrojiolis and the Pnyx with the 
object of determining the situation of tho Bxcavm^ 
buildings descrilied by Pausanias a.s existing ilonm in 
in the neighbourhood of tlie Agora, and more t89J^98. 
especially the position of the EnneAcruniis fountain. The 
Enneacrunus ^s hitherto Ikhui generally identititid with 
the Rfiriug Callirrhoe in the bed of the Ilissiis, a little 
to the south-east of the Olympieion , it is ajqiarently 
[daced by Thucydides (ii. 15) in i)roximity to that build- 
ing, as well as the temple of Dionysus cV ktfivais and other 
shrines which he mentions as situated to the south of the 
Acropolis. On th(5 other hand Pausanias (i. 14. 1), who 
never deviates without reason from the toijographical 
order of his narrative, mentions the Enneacrunus in the 
midst of his description of ('crtaiii buildings which were 
undoubtedly in the region of tho Agora, and unh^ss he is 
guilty of an unaccountaVdc digression the Enneacrunus 
which ho saw must have lain west of the Acropolis. It 
is now generally agreed that the Agora of classical times 
covered the low ground l)etween the hill of the “ Theseion,” 
the Areopagus, and the Pnyx ; and Pausanias, in the course 
of his description, apjiears to liave reached its southern 
end. The excavations revealed a main road of surprisingly 
narrow dimensions winding uj> from tin; Agora to the 
Acropolis. A little to the south-west of the point where 
the road turns towards the Propyla*a was found a large 
rock-cut cistern or reservoir which Dorpfeld identifies with 
the Enneacrunus. The reservoir is su])plied by a conduit 
of 6th -century tiles connected Mith an early stone 
aqueduct, tho course of which is traceable beneath the 
Dionysiac theatre and the royal garden in the direction 
of the upjier Ilissus. These elaborate waterworks were, 
according to Dorpfeld, constructed by the I’isistratids in 
order to increase the BU])ply from the ancient spring 
Callirrhoe ; the fountain was furnished with nine jets, and 
henceforth known as Enneacrunus. This identification 
has been hotly contested by many scholars, and the 
question must still be regarded as undecided. An in- 
teresting confirmation of Dorpfeld’s view is furnished by 
tho map of Guillet and Coronelli, published in 1672, in 
which the Enneacrunus is depicted as a well with a 
stream of running water in the neighbourhoifed of the 
Pnyx. The fact that spring water is not now found in 
this locality is by no means fatal to the theory : recent 
engineering investigations have shown that much of the 
surface water of tho Attic plain has sunk to a lower level. 
In front of the reservoir is a small cij^n space towards 
which several roads converge; close by is a triangular 
enclosure of jiolygonal masonry, in which* were found 
various relics relating to the worship of Dionysus, a very 
ancient wine-press (Xr/vov), and the remains of a small 
temple. Built over this early precinct, which Dorpfeld 
identifies with the Dionyseion cV Xifivai^, or Lenseon, is a 
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liasilica-shaped building of the Roman period, apjmrently 
sacred to B^chus : in this was found an inscription con- 
taining the rules of the society of the lobacchi. There is 
an obvious difficulty in assuming that At/avai, in the sense 
of ** marshes,’’ existed in this confined area, but stagnant 
pools may still be sfien here in winter. Another enclosure, 
a little to thfi south, is proved by an inscription to have 
been a sanctuary of the hitherto unknown hero Aniynus with 
whose cult thoH(j of Asclepius and the hero Dexion were 
here associated ; under the name Dexion, the poet Sophocles 
is said to have Ixjeii worshipiied after his death. The 
whole district adjoining the Areo^iagus was found to have 
lieen thickly built over. The remains of the Htoa Rasileios, 
in which the Archon Rasileus hold his court and the Areo- 
pagus (Council sat, were perhaps brought to light in the 
^v inter of 1897-98, when the excavations were extended 
to th(; eastern sloiie of the “Theseion” hill. Here was 
i’oiind a rectangular structure resembling a temple, but 
with a side door to the north : it possessed a portico of 
MX columns. The north slojie of the Areo|iagus, where a 
nuinlier of early tombs were found, was also explored, 
and the limits of the Agora on the south and north-west 
w(*r(* approximately ascertained. A portion of the main 
load holding from the Dipylon to the Agora was dis- 
covorc<l. 

In 1896 excavations with the object of exploring the 
wIkjIi* northern and eastern slopes of the Acrofiolis were 
rfce liegun by Kavvadias. The patliway l»etween 

Qrotto9» the citadel and the Areopagus was found to Ije 
at Pan and so narrow that it is certain the Paiiathenaic 
Apollo procession cannot have taken this routt; to the 
Acro[»olis, On the north-west rock the caves known as 
the grottoes of Pan and Apollo were cleared out : these 
coiisist of a slight high-arched indentation ininieduitely to 
the east of the Clepsydra and a double and soincwliat 
deeper cavern a little farther to the c'ast. In the first 
mentioned are a number of niches in which irtVaKcs or votive 
tablets were placed : some of these <jfterings, inscribed with 
dedications to A[»ollo, have lieen discovered. The whole 
locality was the seat of the ancient cult of this deity, 
afterwards styled “ llypakraeos,” with which was associated 
the legend of Creusa and the birth of Ion. The worship 
of Pan was introduced after the I'ersian wars, in con- 
seiiuence of an a])pantion seen by Pheidippidcs, the 
Athenian courier, in the mountains of Arcadia, Another 
cave more to the west was revealed by the demolition of 
the bastion of Odysseus. To the east a much deejicr and 
hitherto unknown cavern has been rtwoaled, which Kavva- 
dias identifies with the grotto of Pan. Close to it are a 
series of stejis hewn in the rock which connect with those 
<liscovered in 188(5 within the Acropolis wall. Farther 
east is an underground passage leading eastwards to a cave 
supposed to l)e the sanctuary of Aglaiirus ; with this passage 
IS ct)nm*ct(*d a secret staircase leading up through a cleft 
ill the roc‘k to the precinct of the Errephori on the 
Acropolis. It is (joncoivable that the priestesses em- 
ployed this exit when descending on their mysterious 
errand. 

The Cynosarges, from earliest times a sanctuary of 
Herai’les, later a c'olebrated gymnasium and the school 
The Cyno^ xVntisthenes the (^ynic, has hitherto been gen- 
sargeaand erally su])])osed to have occupied the site of the 
gymnaalum Monastery of the Angels (Asomati) on the eastern 
ot Hadrian, Qf Dycalnittus ; its situation, however, has 
been fixed by Dorpfcld at a ]>oint a little to the south of 
the Olyrnpieidn, on the left bank of the Ilissus. Here a 
soric's of excjivations, carried out by the British School in 
1896-97 under the direction of Cecil Smith, revealed the 
foundations of an extensive Greek building, the outlines 
of wiiich correspond with those of a gymnasium ; it pos- 


sessed a large bath or cistern, and was flanked on two 
sides by water -courses. An Ionic capital found here 
possibly belonged to the palaestra. The identifleation, 
however, cannot be regarded as certain in the absence of 
inscriptions. To the north-east were found the remains 
of a very large rectangular structure of the Roman epoch, 
bearing a striking resemblance in design and construction 
to the “Stoa,” or Library of Hadrian, situated to the 
north of the Acropolis; this may in all probability bo 
identified with the Gymnasium of Hadrian, the position of 
which was hitherto entirely unknown. 

Tits Ewfian Period , — The most imix)rtant achievement 
of recent research with regard to the Roman period has 
been the uncovering of the new or Roman Agora. In 
1890 and 1891 the ground immediately to the west 
of the “Tower of the Winds” was excavated by the 
Archaeological Society, and though the ojierations have 
l)oon interrupted, owing to the difficulty of expropriating 
the neighbouring owners, the dimensions of the Agora 
have been practically ascertained. It consisted of an open 
sejuare surrounded by an Ionic colonnade, into which 
o^iened a number of shops or storehouses. The eastern 
gate was adorned with four Ionic columns on the outside 
and two on the inside, the western entrance being the 
well-known portico of Athena Archegetis. The whole 
conclave may be com})ared with the enclosed bazaars or 
khans of Oriental cities, which are usually locked at night. 
Immediately to the north of the new Agora is a vast 
rectangular building of Roman date, the eastern side of 
which was explored in 1 885-86. A portion of its western 
front, adorned with monolith unfluted Corinthian columns, 
is still standing — the familiar “ Stoa ” of Hadrian ; another 
well-preserved portion, with six pilasters, runs parallel to 
the west side of AColus Street. The interior consisted of 
a simoious court surrounded by a colonnade of 100 columns, 
into whirli five chaml)ers oiX‘ned at the eastern end, A 
portico of four fluted (/oriiithian columns on the western 
side fonned the entrance to the quadrangle. This cloi8ter(‘d 
edifice may be identified with the library of Hadrian men- 
tioned by Pausanias; the gymnasium, which he tells us 
also possessed 100 columns, being probably the building 
discovered by the British School near the Ilissus: the 
liooks were, perhaps, stored in a square building which 
occupied a jwrtion of the central area. In 1885 the 8ul>- 
stmeture of the gigantic Olyrapieion was excavated by 
Penrose, who jiroved the correctness of Dorpf eld’s theory 
tluit the building was octostyle ; it jiossessed 104 (yorinthian 
columns, of which 48 stood in triple rows under the pedi- 
ments, and 56 in double rows at the sides. Fragments of 
Doric columns and foundations were discovered, probably 
belonging to the temple begun by Pisistratus, the orienta- 
tion of which diflered slightly from that of the later struc- 
ture. In 1898 the jieribolos of the temple was excavated 
without important results : it is to be hoped that the 
stability of the columns has not been affected by the 
oyierations. Numerous Roman mosaics and other remains 
liad already been found in the adjoining public garden 
over which the “ city of Hadrian ” extended. Excavations 
round the monument of Philopappus on the Museion Hill 
showed that the structure was nearly square, the curved 
front still remaining being only a portion of the building. 
On the Acropolis the foundations of the little circular 
temple of Rome and Augustus were laid bare during the 
excavations of 1885-88 ; the temple was of white marble, 
and’ had a peristyle of nine Ionic columns. An inscription 
in bronze letters, attached in A.n. 61 to the eastern archi- 
trave df the Parthenon, has Ijeen successfully recovered by 
K. Andrews of the American school. The letters and thd 
nails by which they were fastened have disappeared, but 
an accurate observation of the nail -marks enabled the 
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shapes of the letters to be determined. The inscription 
apparently records the erection of some monument by the 
Athenilns in honour of the emperor Nero. 

The Parthenon escaped without serious injury from the 
earthquakes of 1894. A piece of one of the drums of a 
column on the north side fell to the ground 
PMtiwoa! ^ portion of one of the blocks in the archi> 
trave of the opisthodomos. These injuries, how- 
ever, fortunately attracted attention to the condition of the 
building. A committee composed of Qi’eek and foreign 
architects was apjiointed to superintend the necessary 
repairs, and the opinion of three distinguished authorities, 
.Joseph Durm, L. Magne, and F. C. Penrose, was invited. It 
was wisely decided to abstain from any attempt at restora- 
tion and only to employ new material when necessary for 
the preservation of the existing remains. The repairs were 
begun in 1896 under the supervision of the Greek architect 
Balanos. It was found that several of the blocks in the 
architrave of the opisthodomos were in a very defective 
condition, probably owing to the action of lire at some past 
time. One of those, which supported two slabs of the 
Panathenaic frieze, has been rej)laced by new marble, and 
the delicate operation of removing and readjusting the 
sculptured slabs has been successfully carried out. Others 
of the blocks have been carefuUy pieced as well as some of 
the capitals of the inner row of columns. The broken 
lintel of the groat western door will be roplar(»d with a 
large new stone, and 'the brick masonry winch encumbers 
the doorway will bo removed. The operations, which were 
interrupted by the war of 1897, will probably extend over 
several years. It is proposed to clean out tho- crevices in 
the upper parts of the building and to fill them with cement 
or lead, special care being taken to prevent the percolation 
of rain water. The Panathenaic frieze has already suffered 
considerably from exjjosure to the weather. As the pro])osal 
to remove the sculptures to a museum and to replace them 
by casts will hardly be entertained, steps should be taken to 
protect them against rain and also to render them accessible 
to close inspection. 

II. Modern Athens. 

At the conclusion of tho War of liidepondeuce, Athens was 
little more than a village of tlio Turkish type, the poorly-lmilt 
Th M M houses clustering on the northern and eastern slopes 
ine moaern Acropolis. The narrow crooked lanes of this 

^ quarter still contrast with tho straight, regularly laid 

out streets of tho modern city, which extends to tho north-west, 
north, and oast of tho ancient citadel. The greater commercial 
advantages offered by Naiqdia, Corinth, and Patras were out- 
weighed hy the historic claims of Athens in the choice of a 
capital for tho newly- founded kingdom, and the sent of govern- 
ment was transferred hither from Nauplia in 1834. The new town 
was, for the most part, laid out by the Gorman ai cliitoct Schaubort. 
It eontaiiis several squares and boulevards, a large public garden, 
and many handsome public and private edifices. A great number 
of the public institutions owe their origin to the munificence of 
patriotic Greeks, among whom Andreas Syngios and George 
Averoff may be especially mentioned. Tlie royal palace, designed 
hy Gartner, is a tasteless structure ; attached to it is a beautiful 
garden laid out by Queen Amalia, which contains a well-presorvod 
mosaic floor of the Roman period : the grounds, together with the 
adjoining public garden, lie within the boundaries of tho ancient 
Hadrianopolis, or Novas Athenas, On the S.E. is the newly-built 
palace of tho Crown Prince. The Academy, from designs by 
Ilanson, is constructed of Pentelic marble in the Ionic style : tho 
colonnades and pediments are richly coloured and gilded, and may 
perhaps convey some idea of the ancient style of decoration Close 
W is the University, with a colonnade adorned with jmintings, and 
the Vallianean Library with a handsome Doric portico of Peiitclic 
marble. The Observatory, which is connected with tho university, 
stands on the summit of the Hill of the Nymphs ; like the Academy, 
it was erected at the expense of a wealthy Greek, Baron Sina of 
Vienna. In the public garden is the Zappeioti, a large building 
with a Corinthian portico, intended for the display of Greek 
industries ; here also is a monument to Byron, erected in 1896. 
The Boul6, or parliament-house, possesses a considerable library. 
Other public buildings am the Polytechnic Institute, built by con- j 
1 1 ibutions from Greeks of Epirus, the theatre, the Arsakeion (a school 
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for girls), tho Varvakeion (a gymnasium or Ik>vh* school), the military 
school {oxo\^ f^XwLdwv), and several hospitals and orphanages. The 
Cathedral, a large modern structure, is devoid of architeetui al 
inerit, hut some of the smaller, ancient, Byzantine churches aio 
singularly interesting and beautiful. Among the private residences, 
the mansion built by Dr. Schliemann, tho discoverer of Trov, is 
tho most noteworthy ; its decorations arc in the Pom]>eiau style. 

Tho museums of Athens are daily growing in inii>ortancu witli 
the progress of excavation. They are admirably aiTanged, and the 
remnants of ancient art which they contain have fortii- ^ 
natoly escaped injudicious restoration. The National 
Museum, eroctcid in 1866, is espcially rich in archaic sculptures 
and in Mpulchral and votive reliefs. A copy of the Diadumenos of 
Polycleitus from Delos and tomple-sculptures from Epidaurus, and 
the Argive Herwon are among the more notable of its recent 
acquisitions. It also possesses tho famous collection of prehistoric 
antiquities found by S«’hliemann at Tiryns and Myceii®, other 
** Mycenaean *’ objects discovered at Naupfia and in Attica, as well 
as tho still earlier remains excavated hy Tsoimtas in the Cyclades 
and by tho British School at Phylakopo in Molos ; torra-cottas from 
Tanagra and Asia Minor ; bronzes from 01ym])ia, Delphi, and else- 
where, and numerous painted vases, among thorn the unequalled 
white lehythoi from Athens and Kretria. 'Uho Epigraphical Museum 
contains an immense number of inscriptions arranged hy H. G, 
Lolling and A. Wilhelm of the Austrian Institute. The Acrojiolis 
Museum (opened 1878) possesses a singularly interesting colleetioii 
of sculptures belonging to tho “archaic** period of Greek ait, all 
found on tho Aeropolis ; here, too, are some fragments of tho ]>edi- 
mental statues of the Parthenon and several reliefs from its frieze, 
as well as the slabs from the balustrade of the temple of Nike. Tlio 
Polytechnic Institute contains a museum of interesting ohjtM-ts con- 
nected wuth modern Greek life and history. In tlie Acadeiiiy is a 
valuable collection of c'oins superin ItMided hy Svorouos Of tho 
]>rivate collections those of Schliemann and Karapanos are iho must 
interesting : the latter contains works of art and other objects from 
Dodona. There is a small museum of aninpiities at the Pirnuis. 
A museum of casts of the Greek masterjueees m ft»reigii eollectiens 
is much needed for the pur]»osc8 of comparative study 

Owing to the numbeis and activity of its institutions, both native 
and foreign, for the prosecution of research and the encouragement 
ot classical studies, Athens has become once more an 
international scat of learning. The Greek Archtuological Scleatltlc 
Society, founded in 1837, numbers some distinguished 
scholars among its members, and displays gn‘at activity 
in the conduct of excavations. Important researches at Ejudaurus, 
Eleusis, Mycome, Amyclfic, and Rharniius may be numbered among 
its principal undertakings, in addition to the complete exploration 
of the Acropolis and a series of investigations in Athens and Attn a. 
Tho French d'AtMties^ founded in 1846, is under tho scientific 
direction of the Acndfmie des hismpiions ct Belles Leftrrs Among 
its numerous enterprises have been the extensive and costly c\cn\a- 
tions at Delos and Delphi, which have yielded such reinnikahle 
results. The monuments of the Byzantine Epoch have latteily 
occupied a prominent place in its investigations. Tho (h*rman 
Archeeologieal Institute, founded in 1 874, has cairied out excavations 
at Thebes, Loslios, Paros, Athens, and elsewhere ; it has also bet n 
associated in the great researches al Olymiun, Pergaiiios, and Tioa, 
and in many other important undertakings. The British School, 
founded in 1886, has been unable, owing to insuflicient endowment, 
to 'work on similar lines with tho French and German iubtitiitious : 
it has, however, carried out extensive excavations at Megalopolis 
and in Molos, as well as researches at Abac, in Athens (])resumed 
site of tho Oynosarges), in Cjqirus, and at Naueratis. It has 
latterly taken part in tho exjiloration of Ktiossosand other im]>ortant 
sites in Crete. The American School, founded in 1 882, is supported 
by tho princij»al univoisities of tho United States. In addition to 
researches at Sicyoii, Plat.'ca, Eretna, and elsewhere, it has under- 
taken tvro works of capital importance— tho excavation of tho 
Argive Heneou and the exploration of ancient Corinth. An 
Austnan Archtcological Institute was founded m 1898. 

Notw'ithstunding certain disadvantages inherent in its situation 
tho traile and manufactures of Athens have considerably increased 
in recent years. Industrial and commercial activity 
is mainly centred at the Piraeus, where 9 cloth and 
cotton mills, 45 cognac distillerieB, 14 steam flour J,®" 
tiiills, 6 soap mannfactorio.s, 13 shipbuilding and 
engineering works, chair manufactories, tanneries, and a dynamite 
factory have been estahlislied in recent years. Tho shipbuilding and 
engiiiP'^ring trades are active and advancing. The export trade is, 
however, inconsiderable, as tho produce of the local industries is 
mainly absorbed hy home consumption. The animal value of ex- 
ported cognac IS about 1,400,000 francs, of raw hides about 700,000 
mnes. As a place of inqiort, tho Piraeus surjiasses Patras, Syra, 
and all the other Greek maritime towns, receiving about 53 percent, 
of all tho merchandise brought into G rccco. Tho principal imports 
are coal, grain, manufactured articles, and articles of luxury. Tho 
total value of exports in 1894 was 9,207,535 francs, of imports. 
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55,994,191 francs ; no later figures have been published. The 
rustoins revenue in 1899 was 18,036,425 drachmas. The number 
of ships entered and cleared in 1898 was 8866 with a tonnage of 
3,449,895 tons, of which 217 with a tonnage of 284,865 tons were 
Hritish. 

The Piraeus, which had never revived since its dostruotion by the 
liomans in b.(^ 86, was at the beginning of the last century a small 
fishing village known as Porto Leone. When Athens 
iiornnio the capital m 1834 the ancient name of its port 
revived, and since that time piers and quays have 
been constructed, and spficious squares and broad regular streets 
have been Jaicl out. The town now j^ssesses an exchange, a largo 
theatre, a gyrnnasium, municipal buildings, and several hospitals 
and cliantablc institutions erected by private munificence. The 
harbour, in which ships of all nations may bo seen, as well as great 
niimhers of the picturesque sailing craft engaged in the coasting 
trade, is Komewliat difficult of access to larger vessels, but will be 
improved by the construction of new breakwaters and dry docks. 
The iKjrtanll the capital are now connected by railway with Corinth 
and the principal towns of the Morea : a line opening up com- 
munication with Northern Greece and Thessaly is in ])rocess of 
construction ; its eventual connexion with the Continental railway 
system will greatly enhance the importance of the Piraeus, already 
one of the most fiouriahing commercial towns in the Levant. 

The population of Athens has rapidly increased. In 1834 it was 
below 5000 ; in 1870 it was 44,510 ; in 1879, 63,374 ; in 1889, 

- 107,251 ; in 1898, 111,486. The Piraeus, which in 

possessed only a few hundred inhabitants, in 1879 
iiuinberod 21,618 ; in 1889, 34,327 ; in 1896, 48,848. 
The total population of Athens, Piraeus, Phaleron, and the suburbs 
IS now probably little short of 200,000 

HiiiniooRAPiiY. — C. WACHSMiTrn 7)w StJidt AUi^n na Alter- 
tUmHi vol. 1 . Leinzig, 1874 ; vol. ii iiart i. Leipzig, 1890. — K. 
IUtiincuik. La mllr et Vacropolf tVAthhua aux diveraea epoquxa. 
Pans, 1877. — F. C. Penjio.hr. Principleji of Athenmn architecture. 
izimlon, 1888.— F. Greoojioviits. Gear hirhte tier Stadt Aihcn im 
MifMaltrr. 2 vols. Stuttgart, 1889. — J. K Harrison. Myihu- 
logy aiul mominients of ancient Athena. London, 1890 — E. Cttrtius 
and A. MiLriiiioKKU. Stadtgeaehichle von Athen. Berlin, 1891. — 
H. Hirzio and H. BlOmnkr. PtmaanUta (text iind commentary), 
vol. i. Beilin, 1896.— J G. Frazrk (translation and 

coiiiinentarv). 6 vols. Loinlon, 1898. (The commentary on 
Paiisanias* description of Athens, contained in vol. n. with supple- 
raentary notes in vol. v., is an invaluable digest of recent researches). 
— If Omoni. Ath nrs an X PlI. l:!iec/e. Palis, 1898. (Plans and 


views of the town and acropolis and drawings of the sculptures of 
the Parthenon).— J. H. Middleton and K A. Gardner. Plana 
and drawinga of Athenian buildinga, London, 1900. — W. «^bich. 
TopograiphU wn Athen. Munich. (In preparation, forming vol. iii. 
part ii. second half, in 8rd edition of I. von Muller’s Hanabueh der 
Klaaa. AUerthimunoiaaenachaft, The corresponding volume in the 
edition of 1889, by H. G. Lolling, is still of great value). For the 
Acropolis, see A. BOttichbr. l)ie Akropolia von Athen. Berlin, 
1888. — O. Jahn. Pavaaniae deaeriptio arda Athenarum. Bonn, 
1900. — A. Fuutw ANGLER. Moaterpineea of Greek aculpture (appen- 
dix). London, 1895.— A. Milch hOfer. Ueher die alien hwrg- 
heiligthtlmer in Athen, Kiel, 1899. — For the Parthenon, A. 
Michaelir. Ver Parthenon. Text and Plates. Leipzig, 1871. — 
L. Magnk. Le Parthenon. Paris, 1895. — J. Durm. DerZuatand 
der antiken atheniaehen Bauwerke. Berlin, 1896. — F. C. Penrohe 
in Journal of Royal Inalitute of British Architects for 1897. — N. M. 
Balanus in Kv^epviieewt. Athens, August 25, 

1898. — For tlio Dionysiac Theatre, A. E. Haigii. The Attic 
Theatre. Oxford, 1889.— W. J)c")Rpfeld and E. Reisch. Laa 
Griechiache Theater. Athens, 1896. — For the “Tho.seion,” B. Sauer. 
2)08 aogenannte Theaeinn. Leipzig, 1899. — For the Piraeus, E. I. 
Akgblopoulos. Ilepl Xlupaim aal rQv \iptvtav ai)rov. Athens, 
1898. — For the Attic Denies, A. Milchhofer. Unterauchnngen 
Uber die Demenordnung des Kleiathenes. (In Transactions of Berlin 
Academy). Berlin, 1892. — Paulv-Wissowa. ReaUEncyclopddie 
der klaaa. Altcrthitmaunaaenachaftt vol. ii. 2, article **Attika.” 
Stuttgart, 1896. — For the controversies respecting the Agora, the 
Euneacninus and the topography of the town m genera], see W. 
Doiipfeld, passim in Athcniache Mitteilungen. — C. Wachsmuth. 
“Ncue Beitrago zur Topographic von kiXikmf* in Abhandlungen 
der aoehaiachen Oeaellschaft der Wiaaenachaften. Leipzig, 1897. — 
A. Milchhofer. ** Zur Topographie von Athen,” in Berlin Philol. 
Wochcnsrhrft^ 1900, Nos. 9, 11, 12. — For the Byzantine period, 
AuGiTsr Mommsen. Athenm Cknatianoc. Leipzig, 1868. — Perioilicai 
Literature. AliUheilmigen des kais. deutach. arch. Jnstituta. Athens, 
from 1876. Bulletin de correspondence hell4niqu€y Athens, from 
1877. Paperaof the American School. New York, 1882-1897. 
of the BrUtah School. London, from 1894. J<yumal of Hellenic 
Studies, Loudon, from 1880. American Journal of Archoiology. 
New York, from 1885. Jahrbueh dea kais. dtviach. arch. Jnatituts. 
Berlin, from 1886. The best maps arc those in JJie Karten von 
AiUkay published with explanatory text by the German Arclueo- 
logical Institute, Berlin, 1881 . See also Baedeker’s Greece^ London, 
1894; Murray’s Greece and the Ionian Islands^ London, 1900. 
Guide Joanno, vol. i. Athdnea et sea envirom^ Paris, 1896. 

(j. 1>. h.) 


Ath0n8f H (Mty in the northern part of Georgia, 
G.S.A., and ea]ntal of Clarke county; altitude, G80 feet. 
It is entered by Rcivcral railways, and has extt'nsive and 
growing iniinufaetiires, largely of cotton. It is the site 
of the ITmversity of Georgia and of the Lucy Cobb 
Institute. Population (1880), 6099; (1890), 8639; 
(1900), 10,245 

Athertonp or CvTiowbent, a township in the Leigh 
])arliamentary division of Lancashire, England, 13 miles 
VV.N.VV. of Manchester by rail. A new church has been 
built and another rebuilt. There is a vo]unt<»er hall, 
I\)}mIatiou of urban district in 1881, 12,602; in 1891, 
15,833. In 1894 part of the township and urban district 
was transferred to the urban district of Leigh. Popula- 
tion (1891), on area thus altered, 13,720; (1901), 16,211. 

Athletic Sports. — Since 1875 the nunilior of 
athletic meetings htdd throughout the United Kingdom 
has eontinned to increase, and the number of amateur 
athletes has lK‘conie very much greater. The most notice- 
able fcaturi' t>f the incrinise during this period is that the 
movement has spread from the “ classes ” to the “ masses.” 
Excefit at the universities, public schools, and military 
colleges, where running and jumping comiietitions are 
still carried on with the greatest zest, and retain their 
social iirestigf, ami in London, where the London Athletic 
Club still continues to attract members of good standing, 
througliout the rest of the country the great majority of 
athletes who comiH'te at meetings are not drawn from the 
uplier or middle classes as was the case twenty or thirty 
years ago. Tlie form of comiietitions has hardly varied at 


all, the comiKJtitions at what are called athletic sports, in 
the limited sense of the word “athletic,” lieing running at 
short, middle, and long distances, hurdle races, jumping 
(high and long), weight -putting, and hammer-throwing. 
The two last named have been falling into desuetude in 
most parts of England, though still carried on in Scotland 
and Ireland. A new fe^iture is the increase of what are 
called steeplechases — i.e., long-distance races over hurdles, 
water jumps, and other obstacles. A two- mile steeple- 
chase was introduced into the programme of the amateur 
championship meeting in 1879. Since 1880 the entire 
management of the amateur championship meeting has 
been in the hands of a representative body called the 
Amateur Atliletic Association. It is divided into three 
branches — a northern, midland, and southern — and its 
general committee manages an annual championship meet- 
ing, issues laws, and governs the sport in the same manner 
as the Jockey Club governs horse-racing. No meeting 
can be held witliout the licence of this body, which also 
licenses the handicappers who allot the starts in open events. 

The definition of an amateur adopted by this body is 
wide, and only excludes those who have competed for 
money or against a professional pedestrian. There are 
similar bodies which work under identical rules in {Scotland 
and Ireland. The standard of excellence continues to 
improve. A carefully-tabulated set of British records is 
kept by the Amateur Athletic Association, and a copy is 
appended below. This list is confined to performances 
done in the United Kingdom. 

Another feature of the progress of athletic sports 
is the growth of the movement in the United States 
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of America, and particularly in the colleges of that 
country (see below). A party of American athletes took 
part i#the English Championship meeting of 1900 and 
won the majority of the events, being conspicuously 
the superiors of the Englishmen in the short -distance 
races. Indeed, the American records of every distance 
up to and including half a mile are slightly better than 
the English. In the longer distances the Englishmen 
seem more than able to hold their own. 

Except at the universities all the athletic iiieetiugs in 
England are now held in the summer months. During 
the winter the athletes occupy themselves with paper- 
chases and cross-country races. There are many scores of 
liaper - chasing clubs throughout the country, and the 
popularity of cross-country running seems to bo steadily 
upon the increase. The only other remaining feature in 
connexion with athletic sports which requires chronicling 
is the new method of starting in sprinting or short- 
distance races. The runner bonds down and rests his 
hands lightly on the starting mark, and no longer toes 
the scratch.” When the pistol fires he pushes off from 
his hands and raises himself gradually in the hrst stride 
or two. There is no doubt that this is the quickest 
method of starting, and it is now almost universal. 

Amateur Athletic Association IIkcouijs. 


Running. 


Distance 

1 Name 

Ileconl made by 


Time. 

Date 



y.ir(h 



.. 

M. 

H 




A. Wharton . 





8 July 

1886 


C. A. Bradley 





1 July 

1863 

100 

1 A. U. Downer 

1 R. W. Wadaley 




10 - 

4 May 

2 July 

1895 

1898 


F. W. Cooper 





2 July 

1898 


0. R. Thomas 





8 Match 1890 


W. P. Phillips 




f 

25 March 1882 

120 

0. A. Hradloy 




... 

28 April 
11 Mny 

1894 


A. Downer 




1895 

*120 Hnr. 
160 1 

Godfrey Shaw 

C G. Wood . 

C. J. Monypenny 




151 

6 July 
21 July 
27 Feb. 

1895 

1887 

1892 

f 

£. H. Polling 





28 Sm)t. 

1889 

200 i 

A. R. Downer 




m 

11 May 

1895 

i 

G. Jordan 





16 March 1896 

220 

0. G. Wood . 




2H 

25 June 

1887 

300 





31i 

21 July 

1887 

440 1 

H. 0. L. Tindall 





20 June 

1889 

£. 0. Brediu. 


/ 


22 June 

1895 

“440 Hur. 

T. M. Donovan 




m 

13 June 

1896 

600 

£. G. Bredin . 



1 

ii« 

10 June 

1893 

880 

F. J. K. Cross 



1 

64f 

9 March 1888 

1000 

W. E. Lutyens 



2 

14jt 

5 July 

1898 

1320 

Alec. Kelson . 



3 

11! 

26 Aug. 

1866 

Miles. 








1 

F. E. Bacon . 



4 

17 

6 July 

1895 

n 

S. Tkoma,s . 



6 

SH 

13 May 

1893 

2 

W. G. Georgo 



9 

m 

26 April 

1884 

3 

S. Thomas . 



14 

24 

3 June 

1894 

4 

E. C. Willera 



19 

33| 

10 June 

1894 

5 

S. Thomas . 



24 

63f 

24 Sept. 

1893 

6 

»» • 



30 

17! 

22 Oct. 

1892 

7 

»> • 



85 

36i 

>» 


8 

W. G. Geoige 



40 

m 

28 July 

1884 

9 




46 

12 

7 April 

1884 

10 

tt 



51 

20 



12 

S. Thomas . 


1 

2 

43 

22 Oct. 

1892 

15 

»» • 


1 

22 

151 



20 

Q. CroBsland. 


1 

51 

54 

22 

1894 

25 

G. A. Dunning 


2 

83 

44 

26 Dec. 

1881 

80 

J. A. Squires 


3 

17 

36i 

2 May 

1885 

40 

G. A. Dunning 


4 

50 

12 

26 Dec. 

1879 

*50 

J. E. Dixon . 


6 

18 

26i 

11 April 

1885 

100 

Ko records. 






^ On grass. 

^ Hui^le race on grass, over ten 8 ft. hurdles not less than thirty 
yards apart 


Walking. 


3istancn 

Naue 

llocord mode hy 



Time. 

D.itf 


M.lfH 



If 

M 

B. 



1 

W. J. SLurgess 



6 

38E 

241 

26 Sept. 

lvS96 

2 



13 

10 July 

1897 

3 

»» 



21 

11 

3 July 

1897 

4 

>1 



28 

24! 

II 


5 




36 

27 

16 Oot. 

1895 

6 




43 

58g 



7 

f » 



51 

27 

I. 


8 




5S 

50 

3 Oct.” 


9 



1 

9 

31! 

1896 

10 

tt 


1 

17 

38! 

II 


11 

M 


1 

25 

53! 

II 


12 

>f 


1 

34 

34 

23 Oct. 

1867 

13 

J. Butler • 


1 

42 

m 



14 


1 

52 

tSi 

23 Oct. 

1897 1 

15 

»» • 


2 

0 

43g 


1 

16 

»» • 


2 

9 

39 

* 9 

1 

17 

II • 


2 

18 

56! 1 


1 

18 

II • 


2 

28 

52 



19 

>1 • 


2 

39 




20 1 

*Tom Griffith . 


2 

47 

52 ! 

! 3 Dec. 

1870 ' 

J. Butler 

* 

2 

49 

26 

, 2.1 Del. 

1897 

21 

II • 


<> 

59 

42! ! 

j J, 


25 ; 

I W. E. N. Coston 


;i 

53 

35 

, 27 Doc. 

1880 

30 

*> 

1 

4 

46 

52 ' 

1 


40 { 

^’A. W. Sinclair 


6 

88 

3 

1 1 Nov. 

1879 

J. A. McIntosh 


7 

1 

44 1 

2 Oct 

1886 

50 |1 

•*A. W. Sinclair 


8 

25 

25J 

14 Nov. 

1879 

J. A McIntosh 


8 

52 

25 

2 Oct. 

1886 

75 

■*A. W. Sinclair 


14 

10 

0 

1 27 Aiig 

1 

1881 

100 

II 


19 

11 

.50 



Time Renmh. 


Event. 

Namc. 

Record made by 

DibUuuu. 

1 

Dale 



M \DS 


2 hours’ run . 

G. Crossland 

20i . 

22 Sept. 1894 

1 hour walk 

W. J. SturgoBs . 

8 270 

19 Oct. 1895 

3 hours’ walk . 

J. Butler . 

21 49 

23 Oct. 1897 

12 I, . . 

A. W. Sinclair 

64 180 j 

27 Aug. 1881 

1 

London (Westminster 

] 

U M H 

Clock Tower) to 
Brighton (52^ miles) 
(walk) 

j- E. Knott 

8 56 44 

10ApriI1867 

J. 


Odd EiHfntH. 


Event. 

Naub 

Record made by 

DimUiiu'C 

t 

Date 



FT 

IN 


High jump 

Pole jump 

Long jump * 

Putting the shot (16 

P. H. Leahy 

R. D. Dickenson . 

6 

11 

ii 

6 

6 Sept. 1898 
1891 

W.J.M. Newburij 
D. Horgan . 

24 

46 

Oi 

54 

16 .luly 1898 
15 Aug. 1891 

Ib) 





Throwing the ham- 





mer (16n>) 

T. F. Keily 

161 

11 

25 July 1898 


(m. s.) 


United States . — The American adopted all his sports, 
except base - ball, from the English ; but, as in 
the case of American political institutions, while the 
origins have been English the genius of the people has 
determined the lines of development. All forms of 
athletic contests tend in America to become shorter 
and more intense. The national game of base -ball, for 
instance, is nervous and ra])id in its movement, as 
compared with cricket. A base -ball contest is decided 
in two hours, as against the day or more required for 
a game of cricket ; and instead of the two long innings 


^ In matches against time. 

* P, O’Connor Jumped 24 ft. Ilf in. at Kilkenny, 16th July 1901. 
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there are nine short innings, in the course of ivhich the 
score may be half-a-dozen times reversed. Again, in 
American football, which developed from the Hugby 
Union game, the contrast is equally striking, the Ameri- 
can game having devol()]>ed a thorougbly-jilannod and 
dramatic series of maijoeuvres often of much complexity. 
In track and held athletics the {>erformance8 of Americans 
are as excellent in all contests requiring a single burst of 
nervous energy, such as sprinting, hurdling, and jumping, 
as those of English athletes are in the longer runs. It 
was not until shortly before the Civil War (1861-65) that 
there seemed to spring u[> something of athletic interest 
in America — boating being almost the only sjjort which 
until that time possessed any rules and ixsrmanent organi- 
ziitions. But the period of the war interrupted what 
might have been a s^ieedy development along English 
lines. After ])eace was established, athletics appeared to 
take root once more, and in the succeeding decade (1870- 
79) there was a rapid increase in general organization and 
interest. Rowing, which had been less interrupted during 
the war, and had had a longer existence than the other 
8))orts, came once more into jirominence, and cs2>ccial 
interest was added by the inter-collegiate regattas and by 
the centennial races (1876). Football was still in a 
chaotic stage, but the year 1876 saw the inauguration of 
the Rugby Union rules, and with them the beginning of 
football as it is ]>layed to-day in the llnited States. 
lUse-ball had for some half-dozen years been decidedly 
successful in the colleges, and among both amateurs and 
jirofessionals outside. Track athletics, which liad hitherto 
Ix^eu only incidental to college boat-racing, had now made 
an indejiondent jdace for itself. Thus in 1876 the four 
jirinciiial American sports had begun to ijush forward 
along the lines which were followed during the next 
quarttM* of a century. 

In rowing, since the introduction of eight-oared shell 
racing over a four-miki course, there has been but little 
variation, this distonce and this number of oars jiroving 
the most satisfactory. Upon several occasions there has 
been an agitation in favour of shortening the distance or 
ot altering the methods in one way or another, but the 
inovoment has not met with more than temjwrary favour. 
In football the growth has lieeu most rapid and most dis- 
tinctly American — though here the rules adojitod originally 
were those of the Rugby Union — and at first there was no 
legislation save where the rule failed sjiecifically to cover 
a dlsjjuted jioint, and where there was only tradition to be 
relied upon. Ih’t with the growth of the game rule- 
making iiecame necessary, and the inventive genius of the 
American jilayer develo]iod special “ plays ” and formations 
until now the game is almost as distinctly American as 
base-lwill. Track athletics had a very small beginning, 
but was taken up by an increasing number of colleges ; 
more events were added, and greater interest was develo}M)d, 
until it grew in the last twenty years of the 19th century 
into a well-equipi)ed and permanent branch of amateur 
sport. In fact, there is no branch which has as much 
strength among athletic clubs outside the colleges 
as track athletics. The new s^iorts since 1875 are 
bicycling, tennis, and golf, together with the minor 
sjiorts of basket ball, hockey, and jiolo. Tennis has 
botli waxed and waned in the same period, but is now 
once more gaining in ]K)pularity, and bids fair to secure 
and maintain a 2 >ermanent place. Qolf has withdrawn 
many from the tennis ranks, and is iJrobibly as widely 
engaged in lo-day as any sport in the country, largely 
owing to the fact that it can be jdayed by individuals who 
have iiaaaed the age for the more violent athletic sixirta. 

In the country at large the jiercentage of men who 
ongage in athletic iiastimes has lieen almost inappreciable. 


Professional sport is limited to leagues of base-ball teams 
representing the great cities ; and the main cultivation of 
amateur sport outside the universities is in the great fkthletic 
clubs which are now to be found in many of the large cities. 
These clubs differ from such organizations as the London 
Athletic Club in that they maintain largo club-houses, 
which, in addition to expensively equipped gymnasiums, 
have luxurious lounging rooms, billiard rooms, and marble 
swimming baths. The ruling spirit is social rather than 
athletic. They have been strongly influenced by university 
sportsmen and sports, but the university element has never 
b^n dominant. The sports most successfully pursued are 
track and field athletics. Those sports which require more 
extensive organization and prej)aration, such as base-ball, 
football, and rowing, are practised with indifferent success. 
The oldest and most characteristic development of sport 
has been, as in England, in the universities, but even the 
liercentoge of men engaged has not been large. Whereas 
in England almost 80 per cent, of the undei;graduatcs 
engage in some athletic |)astime, the ^lercentage of Ameri- 
can undergraduate athletes had not until the clo.sing 
decades of the 19th century exceeded 20; and even in 
those universities in whicJi athletics are most enthusi- 
astically pursued, the jHircentage is not yet even 40. • This 
is in part due to the intensity characteristic of sports, and 
in i»art to the lack of that athletic rivalry within the uni- 
versity, and the conseciuent multiplication of contests, 
which is afforded in England by the division of the uni- 
versity into colleges. Whereas an English Varsity crew is 
content to row together for a month or two, the candidates 
for an American crew that is to race in July usually train 
in a gymnasium through the greater jiart of the preceding 
winter. And whereas in England football teams rely on 
practice games and a few informal squashes,’’ an Ameri- 
can team, in addition to one or two practice games a week, 
works hard every afternoon in developing complicated 
“ plays ” and in perfecting team work. 

The methods of training and the spirit of si)ortsman- 
shii) have shown a very characteristic develojiment. Owing 
|)artly to the extremes of the climate and the severity of 
nervous tension induced by it, and partly to the lack of 
more general partici^iation in sports, the training has 
liecome in all instances more elaborate and more thorough 
than in England, and the winning of athletic victories is 
considered of more im 2 )ortaiice. Rivalries have been, and 
still are, of great intensity. At the same time the athletic 
spirit has run into grave oxcessos. All college teams have 
at one time or another been under strong and well-founded 
suspicion of inducing athletes to play for them by improper 
means. Excessive ^lartisanship has involved excessive 
training, crafty diplomacy in arranging games, and trick- 
ery. All of the objectionable features have been intensi- 
fied by the fact that the great games have often l^ceu held 
in the cities, where they are ai)t to take on the character 
of public gladiatorial contests. In the closing decade of 
the 19tb century a marked reaction began. The publicity 
attending university sjiorts gave occasion for a vigorous 
protest against all forms of unsjiortsmanshij), and the 
members of the university faculties now exercise a strong 
and, in many cases, a wise sujiervision. Except in occa- 
sional instances, for which individuals only are resiionsible, 
the representatives of the eastern universities are amateurs 
in the full sense' of the word ; and in the western univer- 
sities, where the development of sports was very sudden, 
and was attended by flagrant abuse, wise counsels prevail. 
The spirit of moderation has been strongly abetted by the 
abanc^nment of the old league championships in favour of 
independent meetings between one college and another ; and 
this practice in turn tends to limit inter-university games 
to imiversity grounds. The rapid increase, moreover, in 
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the popularity of minor sports has drawn ever-increasing 
numbers of men into active competition, and there is a 
strong ttisndency to develop contests within the university. 
On becoming more general, the athletic spirit has become 
less intense. Though American sports will doubtless 
always retain the peculiar strenuousness of the American 
character, the influences controlling them are becoming 
more and more representative of the best spirit in American 
life. 

The Amorican amateur records for the events moat commonly 
competed for in track and field athletics are as follows : — 

Running, 100 yards 0^ sec. 

M 220 21 i „ 

M 440 47 „ 

»» 880 1 min. 53| „ 

,, 1 mile . . . . 4 ,, 15^ ,, 

,, 8 miles ... . . 14 ,, 24 ,, 

Walking, 1 mile 6 ,, 29f ,, 

Hurdles, 120 yards (five hurdles, 3 ft. 6 in. high) 15ji ,, 

,, 220 „ (ten hurdles, 2 ft. 6 in. high) 28K ,, 

Jumping, standing high, without weights . . 5 foot 4 inches 

,, running hi^, without wei^its . . 6 ,, „ 

,, runuiiig lung, without weights . . 21 „ 7i „ 

Pole vault for height 11 ,, 10)^ „ 

Throwing the hammer, 16 It>. head (thrown by 

both hands from a mark ; handle 4 feet long) 1 13 „ 11 ,. 

Ditto from circle 176 ,, 4ji ,, 

Putting the shot, 16 lb 47 „ 

(w. Ca.) 

Athlon0| a market town and urban sanitaiy dis- 
trict in the county of Westmeath, province of Leinster, 
Ireland, on both sides of the river Shannon, 76 miles 
west of Dublin by rail. It ceased to be a parliamentary 
borough in 1885. In 1898 the portion situated in 
Koscommon was added to Westmeiith. A woollen mill 
has been recently established, in addition to the already 
existing factory. Population (1881), 6755; (1891), 
6742; (1901), 6617. 

Athol, a town of Worcester county, northern Massa- 
chusetts, U.S.A., having an area of *35 square miles. Its 
surface is quite irregular and hilly. The village of Athol 
is on the Miller river, at an altitude of 556 feet, and is 
entered by two railways, the Boston and Albany and the 
Fitchburg. The plan of the village is quite irregular. 
Athol was incorporated in 1762. Population (1880), 
4307; (1890), 6319; (1900), 7061. 

Athos, the most easterly of three peninsulas of 
Turkey in Euroi)e, projecting at its south-western ex- 
tremity into the iEgoan Sea. The north-western border 
is about 50 miles S.E. of Salouica, to which there is a 
bridle-path. The {leninsula takes its name from Mount 
Athos (6350 feet), the extreme summit of a chain of 
heights occupying the iieninsula ; and on account of the 
number of religious houses, now totalling about 1000, it 
IS also known as “the Holy Mount.” Sone but males 
are allowed access to the ])eninsula, and all the inhabitants 
are Christians, with the excoiition of one Turkish ofticer. 
The recluses number about 3000, with 3000 servants. 

Authouities.-— Rilky. Athm, or the Mountain of the Monks, 
Loudon, 1887. — Brockuaus. Die Kunst in den Athos-Klosiem, 
Leijisic, 1891 . — Lambros. Catalogue of the Greek Mantiacriffts on 
MoiinJt Athos, Cambridge, vol. i., 1896. — HdUYEii. Die Jfauptur- 
k unden f Ur die Geschichte der Athos^KlOsteni, Loiiisie, 1894. 

Atkinson, Major tho Hon. Sir Harry 
Albart, K.C.M.G. (1831-1892), British colonial 
statesman ; prime minister and Speaker of tho legislative 
council. New Zealand; was born at Chester in 1831, and 
in )855 emigrated to Taranaki, New Zealand, where he 
became a farmer. In 1860 the Waitara war broke out, 
and from its outset Atkinson, who had been selected as a 
captain of the New Plymouth Volunteers, distinguished 
himself by his contempt for appearances and tradition, 


and by the practical skill, energy, and courage which ho 
showed in leading his Forest Rangers in the tiresome 
and lingering bush warfare of the next five years. Foi 
this work he was made a major of militia, and thanked 
by the Government. Elected to the house of repri*- 
sentatives in 1863, ho joined Sir Frederick Weld’s ministry 
at the end of November 1864 as minister of defence, 
and, during eleven months of oftice, was identified with 
the well-known “self-reliance” policy, a proposal to 
dispense with inqierial regulars, and meet the Maori 
with colonials only. Pail lament accepted this principle, 
but turned out the Weld ministry f6r other reasons. Foi 
four years Atkinson was out of jiarliament; m Octobei* 
1873 he re-entered it, and a year later became minister 
of lands under Sir Julius Vogel. Ten months later ho 
was treasurer, and such was his aptitude for finance 
that, except during six months in 1876, he thence- 
forth held that post whenever his party was in power. 
From October 1874 to January 1891, Atkinson was only 
out of oflice for about five years. Three times he i\a.s 
premier, and lie was always the most formidable debater 
and fighter in the ranks of tlie Conservative ojiponents 
of the growing Radical party which (Irey, Stout, and 
Ikillance h^d in succession. It was 1 h» who was mainly 
responsible for the abolition of the provinces into which 
the colony was divided from 1853 to 1876. lie nqKjaletl 
the Ballance land-tax in 1879, and substituted a pnqiert}- 
tax. He greatly reduced the cost of the public service in 
1880, and again in 1888. In both thesis years he mised 
the customs duties, amongst other taxes, and gave them 
a quasi-protectionist character. In 1880 he struck 10 
per cent, ofi* all public salaries and wages ; in 1887 he 
reduced the salary of the governor by one- third, and the 
pay and number of ministers and members of jiarliament. 
By these resolute steps revenue was increased, exjiendituie 
checked, and the colony’s finance reinstated. Atkinson 
was an advoc^ate of compulsory national assurance, and the 
leasing as opposed to the selling of crown lands. Defeated 
in the general election of December 1890, he took the 
appointment of Speaker of the legislative eouncil. Thert‘, 
while leaving the council chamber after the sitting of 
28th June 1892, he was struck down by heart disease, 
and died in a few minutes. Though brusque in manneu*, 
and never popular, he was esteemed as a vigorous, u]>right, 
and practical statesman. He was twice married, and 
had seven children, of whom tlirec sons and a daugliter 
survived him. (w. p. k.) 

Atlanta, the largest city of Georgia, U.S.A., capital 
of tho state and of Fulton county. It is situated in the 
northern part of the state, in 33“ 45' N. Jat. and 84“ 24' 
W. long., at an altitude of 1050 feet. Its mean annual 
temperature is 02“, and the annual rainfall is 45 inches. 
Tho city is regularly laid out, is divided into st*ven wards, 
is supjilied with water by the Holly pumping system, and 
is well drained and pav(‘d. It is one of the ]>rincipal 
railway centres of the soutli, being entered by six rail- 
ways, the Atlanta and West Point, the Central of Georgia, 
the Georgia, the Seaboard Air Line, tlie Southern, and the 
Western and Atlantic, winch meet at a union depot. 
Amongst sevi^ral institutions for higher education are the 
Atlanta Bai)tist College, Atlanta University, Morris Brown 
College, and the State Normal School of Technology. Of 
its uewspaijers the Atlanta Constitution is well kno\Mi 
throughout the Union. Among the many fine buildings 
of the city the State Capitol, erected af a cost of 
$1,000,000, should be mentioned. Atlanta is proLibly 
tho most i>rogressive city of the south, liaving made vast 
strides during the past generation. In 1890 it liad 410 
manufacturing establishments of all kinds, employing 
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$9,500,000 ot capital, and 8684 persons. Chief among 
these were cotton manufactories, in which $1,900,000 were 
invested, and foundries and machine shops, with nearly 
$1,000,000. Lumber and furniture factories are also of 
great importance. Tlio assessed valuation of property, 
real and i)ersona], was, in 1899, $52,240,058, the tax rate 
$21.60 per $1000, and the indebtedness of the munici- 
{)ality $2,808,910. The death-rate, 23*01 jjer 1000, is 
enhanced by the large proportion of negroes among the 
])OpuIation. Since the Civil War, which practically 
de«trr)yed it, the city has grown with great rapidity. 
Population (1880), 37,409; (1890), 65,533; (1900), 
89,872, of whom 2531 wore foreign-bom and 35,912 were 
iiegrocH. 

Atlantic, ea])ital of Cass county, Iowa, U.S.A., 
situati^d on the East Nishnabotna river, at the intersection 
of the Chicago, Rock Island, and Pacific railway with a 
branch of the Chicago, Burlington, and Quincy railway. 
Population (1890), 4351 ; (1900), 5046. 

Atlantic City, a city of Atlantic county, New 
Jersty, U.S.A., situated in 39* 22' N. lat. and 74“ 26' 
W. long., on a sand-bar running parallel with the coast, 
and He|)arated from the mainland by a Htri]> of marsh 
about five miles in breadth. The city is but slightly 
elevattid above tide-level, is regularly laid, and is divided 
into four wards. Water is supplie<l by ])umping, the 
water -works being privately owned. It is a popular 
seaside resort both in summer and winter, CMi>f‘.cially 
with dwellers in Philadelphia, with which city it is 
connected by two railways, the Atlantic City (Phil- 
adelphia and Reading systc^m) and th(i West Jersey and 
Seashore (Pennsylvania system). It is a city of hotels 
and boarding-houses, and in the summer season has a 
large floating population, estimated at 100,000. The first 
settlement was made about 1783, ahd the place received 
a city charter in 1852. Population (1880), 5477 ; (1890), 
13,055 ; (1900), 27,838. 

Atlantic Ocean. — The Atlantic Ocean forms a 
belt of water, roughly of an 8’shape, between the western 
coasts of Europe and Africa and the eastern coasts of 
North and South America. It extends northwards to the 
Arctic Basin and southwards to the ( jreat Southern Ocean. 
For purposes of measurement the polar boumlaries are 
taken to be the Arctic and Antarctic circles, although in 
discussing the configuration and circulation it is impos- 
sible to adhere strictly to these limits. The Atlantic 
Ocean consists of two characteristic divisions, the geo- 
graphical e(|uator forming a fairly satisfactory line of 
division into North and South Atlantic. The North 
Atlantic, by far the best known of the main divisions of 
the hydrosphere, is remarkable for the immense length 
of its coast- line and for the large number of enclosed 
seas connected with it, including on the western side the 
CWibbeaii Sea and Clulf of Mexico, the Gulf of St Law- 
rence, and Hudson Bay, and on the eastern side the 
Mediterranean and Black Sea, the North Sea, and the 
Baltic. The North Atlantic is connected with the Arctic 
Basin by four main channels: (1) Hudson Strait, about 
60 miles wide, communicating with the gulfs and straits 
of the North American Arctic archipelago; (2) Davis 
Strait, about 200 miles wide, leading to Baffin Bay ; (3) 
Denmark Strait, Initween Greenland and Iceland, 130 
miles wide; and (4) the “Norwegian Sea,” about 400 
miles wide, extending from Iceland to the Faroe Islands, 
the Shetland Islands, and the coast of Norway. The 
width of the North Atlantic in lat. 60“, approximately 
where it breaks up into the branches just nam^, is nearly 
2000 miles ; in about lat. 50“ N., the coasts of Ireland 
and Newfoundland approach to 1750 miles; the breadth 
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then increases rapidly to lat. 40“ N., and attains its 
notaximum of 4500 miles in lat. 25“ N. ; farther south the 
minimum breadth is reached between Africa anii South 
America, Cape Palmas being only 1600 miles distant from 
Ca|)e St Roque. In marked contrast to this, the South 
Atlantic is distinguished by great simplicity of coast-line ; 
inland seas there are none, and it attains its greatest 
breadth as it merges with the Southern Ocean; in lat. 
35“ S. the width is 3700 miles. 

The total area of the North Atlantic, not counting 
inland seas connected with it, is, according to Karstens, 

36.438.000 square kilometres, or 10,588,000 square miles ; 
including the inland seas the area is 45,641,000 square 
kilometres, or 13,262,000 square miles. The area of the 
South Atlantic is 43,455,000 square kilometres, or 

1 2.627.000 square miles. Although not the most extensive 
of the great oceans, the Atlantic has by far the largest 
drainage area. The “long slopes” of the continents on 
both sides are directed towards the Atlantic, which 
accordingly receives the waters of a large proportion of the 
great rivers of the world, including the St Lawrence, the 
Mississippi, the Orinoco, the Amazon, the rivers of the La 
Plata, the Congo, the Niger, the Loire, the Rhine, the Elbt', 
and the great rivers of the Mediterranean and the Baltic. 
Murray estimates the total area of land draining to the 
Atlantic to bii 13,432,000 square miles, or with the Arctic 
area nearly 20,000,000 sejuare miles, nearly four times the 
area draining to the Pacific Ocean, and almost precisely 
four times the area draining to the Indian Ocean. Murray’s 
calculations give the amount of precipitation received on 
this area at 15,800 cubic miles annually, and the river 
discharge from it at 3900 cubic miles. 

The dominant feature of the relief of the Atlantic basin 
is a submarine ridge running from north to south from 
about lat. 50“ N. to lat. 40“ S., almost exactly ^ 

the central line, and following the 8-shape of the 
coasts. Over this ridge the average depth is 
about 1700 fathoms. Towards its northern end the ridge 
widens and rises to the plateau of the Azores, and in about 
50“ N. lat. it merges with the “ Telegraph Plateau,” which 
extends across nearly the whole ocean from Ireland to 
Newfoundland. North of the fiftieth parallel the depths 
diminish towards the north-east, two long submarine 
ridges of volcanic origin extend north-eastwards to the 
south-west of Iceland and to the Faroe Islands, and 
these, with their intervening valleys, end in a transverse 
ridge connecting Greenland, through Iceland and the 
Faroe Islands, with North-western Scotland and the 
continental mass of Europe. The mean depth over this 
ridge is about 250 fathoms, and the maximum depth 
nowhere reaches 500 fathoms. The main basin of the 
Atlantic is thus cut off from the Arctic basin, with 
which the area north of the ridge has complete deep-water 
communication. This intermediate region, which has 
Atlantic characteristics down to 300 fathoms, and at 
greater depths belongs more {iroperly to the Arctic Sea, 
commonly receives the name of Norwegian Sea, On both 
sides of the central ridge deep troughs extend southwards 
from the Telegra])h plateau to the Southern Ocean, the 
deep water coming close to the land all the way down on 
both sides. In these troughs the depth is seldom much less 
than 3000 fathoms, and this is exceeded in a series of 
patches to which Murray has given the name of “ Deeps.” 
In the easteny^ugh the Peake deep lies off the Bay of 
Biscay in 20“ W. long., Monaco deep and Chun deep off the 
north-west of Africa, Moseley deep off the Cape Verde 
Islands, Krech deep off the Liberian coast, and Puchanan 
deep off the mouth of the Congo. The western trough 
extends northwards into Davis Strait, forming a depression 
in the Telegraph plateau ; to the south of Newfoundland 
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and Nova Scotia are Sigslm deep^ Thoulet dettp^ LibUy 
dtep^ and SvJim deep^ each of small area \ north-east of the 
Bahanfks NareB deep forms the largest and deepest de- 
pression in the Atlantic, in which a sounding of 4561 
fathoms was obtained (70 miles north of Porto Kico) by 
the U.8. ship B!4ji>ke in 1883. Immediately to the south of 
Nares deep lies the smaller Makarcff deep ; and off the 
coast of South America are Tizard deep and llavergal detji. 
South of 40^ S* lat. the form of the sea-bottom changes 
considerably on account of the eastward trend taken by the 
alternate elevations and depressions. Between the southern 
extremity of South America and Graham Land, in the 
Antarctic, the depth nowhere reaches 2000 fathoms, and a 
plateau of less depth extends eastward to South Georgia 
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and the Sandwich group. In 40® S. lat., 40® W. long., 
the 3000-fathonis line marks an offshoot of the great lifm 
deep^ which runs south-eastwards to the main depression. 
East of this trough the depth is, gimcrally, over 2000 
fathoms, except where a Wnk, on which Itouvct Island 
stands, suggests a south-easterly prolongation of the main 
central ridge, which, but for this, would a])|>ear to end at 
Tristan da Ounha. From the south point of Africa south- 
eastwards to the Crozet Islands and Kerguelen the depth 
is less than 2000 fathoms, an ill-deiined ridge sejiarating 
the eastern margin of the Boss deep from the main basin 
of the Indian Ocean 

Tlio foundations of oiir knowledge of tlio relief of tlio Atlantic 
baain may bo baid to have bi'cii laid by the work of ll.M.S. 



ChalU%gtT (1878-76), of tho German ship Gazelle (1874-76), the 
IVench expedition in the Travailleur (1880), and the U.S. 
surveying vessel Blake (1877 and later). Large numbers of addi- 


expedition 

with the exception of tho last-named none of tho later workers 
have seriously modified the contours outlined by the Challenger 
and Gazelle, 

For the volume of the North Atlantic, Karstens gives 
tho value 136,384,000 cubic kilometres, or 21,362,000 cubic 
voi me niean depth of 2047 fathoms, 

nyiil, ' If we include the enclosed seas, the N orth Atlantic^ 

eteptii, eaa hskS a volume of 150,415,000 c;pbic kilometres, 
or 23,560,000 cubic miles, giving a mean depth 
PepoMita, jgQQ fi^thoms. The South Atlantic has a 
total volume of 164,263,000 cubic kilometres, or 25,729,000 
cubic miles, giving a mean depth of 2067 fathoms. The 


following tabl(‘, due to Murray, gives details of the area of 
the floor of the Atlantic basin, and the volume of water 
resting thereon, at different levels : — 



Area. 

Volume. 

Fallioins. 

Square Miles. 

Cubic Miles. 

Between 



0- 100 

2,907,003 

2,853,703 

100- r^oo 

2,404,482 

8,370,611 

500-1000 

1,840,634 

9,568,637 

1000-2000 

5,468,016 

15,816,901 

2000-8000 

10,928,918 

8,905,287 

®000-4000 

1,780,012 

690,123 

Over 4000 

5,832 

2,155 


25,334,896 

46,707,417 


Mean depth, 1830 fathoms. 



The Atlantic Ocean contains a relatively small number 
of islands. The only continental groups, besides some 

S. I. — 97 
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islands in tho Moditerrancan, are Iceland, the British 
Isles, Newfoundland, the West Indies, and the Falklands, 
and the chief oceanic islands are the Azores, Madeira, the 
Canaries, the Capo Verde Islands, Ascension, St Helena, 
Tristan ^ Cunha, and Bouvet Island. 

The greater |iart of the liottom of tho Atlantic is 
covered by a de}K)sit of Globigerina ooze, roughly the area 
between 1000 and 3000 fathoms, or about 60 per cent, of 
the whole. At a depth of about 3000 fathoms, i.e.^ in 
the ** Deeps/' the Globigerina ooze gradually gives place to 
red clay. In tho shallower tropical waters, especially on the 
central ridge, considerable areas are covered by FU»ropod 
ooze, a deposit consisting largely of the shells of pelagic 
molluscs. Diatom ooze is the characteristic deix>sit in 
high southern latitudes. The terrigenous do[K>sits consist 
of blue muds, red muds (abundant along the coast of 
Brazil, where the amount of organic matter present is 
insuilicient to reduce the iron in the matter brought down 
by the great rivers to produce blue muds), green muds and 
sands, and volcanic and coral detritus. 

Tho question of the origin of the Atlantic basin, like 
tliat of tho other great divisions of the hydrosphere, is 
still unsettled. Most geologists include the Atlantic with 
the other oceans in the view they adopt as to its age (see 
Gkologv and Ockanography) ; but Buess and Neumayr, 
while they regard the basin of the Pacific as of great 
antiquity, believe the Atlantic to date only from the 
M(»sozoic age. Neumayr finds evidence of tlie existence 
of a continent between Africa and South America, which 
protruded into tho centml North Atlantic, in tiurassie 
ii^es. Kossiiiat has shown that the Atlantic had sub- 
Jtkfitially its pn'.sont form during the Cretaceous ])eriod. 

'Jn describing the mean distribution of tein|)cniture 

the waters of the Atlantic it is necessary to treat the 
^iMtriba- northern and southern divisions sc'jiamtely. The 
mn oi heat equator, or line of maximum mean surface 
temperature, starts from the Al'rican coast in 
alK)ut 5“ N. lat., and closely follows that parallel 
to 40" W, long., when? it bends northwards to the Carib- 
bean Sea. North of this line, near which the temjyemtui'e 
is a little over 80" F., the gradient trends somewhat to the 
east of north, and the tem]:)eraturo is slightly higher on the 
western than on the eastern side until, in 45" N, lat., the 
isothermal of 60" F. runs nearly east and west. Beyond 
this i>arallel the gradient is directed towards the north- 
west, and temperatures are much higher on the European 
than on tho American side. From the surface to 500 
fathoms the general form of the isothernials remains th($ 
same, except that instead of an e(][uatorial maximum belt 
there is a focus of maximum temperature off the eastern 
coast of the United States. This focus occupies a larger 
area and becomes of greater relative intensity as the 
depth increases until, at 500 fathoms, it becomes an 
elongated belt extending right across the ocean in about 
30" N. lat. Below 500 fathoms tho western centres of 
maximum disapijear, and higher temperatures occur in the 
eastern Atlantic off the Ibeuian peninsula and North- 
western Africa dowm to at least 1000 fathoms; at still 
greater depths temperature gi^adually becomes more and 
moro uniform. The communication between the Atlantic 
and Arctic basins being cut off, as already described, at 
a depth of about 300 fathoms, the temperatures in the 
Norwegian Sea below that level are essentially Arctic, 
usually below the freezing-point of fresh water, except 
where the distribution is modified by the surface circuhip- 
tion* The isothermals of mean surface temperature in HuT 
South Atlantic are in the lower latitudes of an oo -shape, 
temperatures being higher on the American than on the 
African side. In latitudes south of 30" S. the curved form 
tends to disappear, the lines running more and more directly 


east and west. Below the surface a focus of maximum 
temperature appears off the coast of South America in about 
30" S. lat., and of minimum temperature north and^north- 
east of this maximum. This distribution is most marked at 
about 300 fathoms, and disappears at 500 fathoms, beyond 
which depth the lines tend to become pa^el and to 
run cast and west, the gradient slowly diminishing. 

The Atlantic is by far the saltest of the great oceans. 
Its saltest waters are found at the surface in two belts, 
one extending east and west in tho North 
Atlantic between 20" and 30" N. lat,, and another " 
of almost equal salinity extending eastwards from the 
coast of South America in 10" to 20" S. lat. In the 
equatorial region between these belts the salinity is 
markedly less, especially in the eastern part. North of the 
North Atlantic maximum tho waters become steadily fresher 
as latitude increases until the channels opening into the 
Arctic basin are reached. In all of these water of rela- 
tively high salinity appears for a long distance towards 
the north on the eastern side of the channel, while on 
tho western side the water is comparatively fresh. In 
the higher latitudes of the South Atlantic the salinity 
diminishes steadily and tends to ha uniform from cast to 
west, except near the southern extremity of South America, 
where the surface waters are very fresh. Our knowledge 
of the salinity of waters below the surface is as yet very 
defective, large areas being still unrepresented by a single 
observation. The chief farts already established are the 
greater saltness of the North Atlantic compared with the 
South Atlantic at all depths, and the low salinity at all 
depths ill the eastern equatorial region, off the Gulf of 
Guinea. 

It is now generally admitted that the movements of the 
surface waters of the great oceans are primarily controlled 
by the winds, and the resulting circulation 
consists of (a) drift currents in tho open sea, 
following the general wind directions, and (b) 
stream currents, which are indefiendeut of the local winds, 
but are due to inequalities of pressure produced by the 
interference of land masses with the movements of the 
drift currents. Quite recently Pettersson has shown that 
the formation and melting of polar ice must be regarded 
as a factor contributing a considerable portion of the 
energy of ocean currents, and this factor must be of great 
importance in the Atlantic. The wind circulation over 
the Atlantic is of a very definite character. In the South 
Atlantic the narrow land surfaces of Africa and South 
America produce comparatively little effect in disturbing 
the normal planetary circulation. The tropical belt of high 
atmospheric pressure is very marked in winter ; it is weaker 
during the summer months, and at that season the greater 
relative fall of pressure over the laud cuts it off into an 
oval-shaped anticyclone, the centre of which rests on the 
coolest part of the sea surface in that latitude, near the 
Gulf of Guinea. South of this anticyclone, from about 
the latitude of the Cape, we Hud the region where, on 
account of the uninterrupted sea surface right round the 
globe, the planetary circulation is developed to the 
greatest extent known ; the pressure gradient is exceed- 
ingly steep, and the region is swept continuously by 
strong westerly winds — the ** roaring forties.” This is 
merely the ** polar eddy,” which is probably arrested by 
the frictional resistance of the land and the low temperatures 
in the higher Antarctic latitudes. 

In the North Atlantic the distribution of pressure and 
resulting wind circulation are very largely modified by the 
enormous areas of land and frozen sea wUch surround the 
ocean on three sides. The tropical belt of high pressure 
persists all the year round, but the immense demand for 
air to supply the ascending currents over the heated land 
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surfaces in summer causes the normal descending movement ! 
to be largely reinforced, hence the ** North Atlantic anti* 
cyclone^ is much larger, and its circulation more vigorous, 
in summer than in winter. A^in, during the winter 
months pressure is relatively high over North America, 
Western Eurasia, and the Arctic regions; hence vast 
quantities of air are Isrought down to the surface, and 
circulation must be kept up by ascending currents over 
the ocean. The Atlantic anticyclone is therefore at its 
weakest in winter, and on its |>olar side the polar eddy 
becomes a trough of low pressure, extending roughly from 
Labrador to Iceland and Jan Mayen, and traversed by a 
constant succession of cyclones. The net effect of the 
surrounding land is, in fact, to reverse the seasonal varia- 
tions of the planetary circulation, but without destroy- 
ing its type. In the intermediate belt between the two 
high-pressure areas the meteorological equator remains 
]iermanently north of the geographical equator, moving 
between it and about 11** N. lat. 

The wind circulation may shortly be described thus 
from north to south : — 

1. “Iceland” depression — low-pressure belt, traversed 
by numerous cyclones, some of great intensity, in winter ; 
abundant rainfall. 

2. A belt of “ westerly variables,” the ix>lar side of the 
Atlantic anticyclone, merging into (1). 

3. Calm and dry belt, the axis of the Atlantic anti- 
cyclone — the “ horse latitudes,” or “ calms of Cancer.” 

4. Belt of N.E. and E. winds. These coming from 
a high-pressure area are dry, hence there is little rain- 
fall, and great evaporation from the sea surface, which 
attains its greatest salinity in this I'egion ; the “ trade 
winds.” 

5. Equatorial belt of calms and rains ; the “ doldrums.” 

6. Belt of S.E. and E. winds — the “ trade winds.” 

7. Tropical calm and dry belt, or “ calms of Capricorn.” 

8. Belt of W. and N.W. winds, merging into the 
“ roaring forties.” 

The part of this circulation which is steadiest in 
its action is the trade winds, and this is there- 
fore the most effective in producing drift movement of 
the surface waters. The trade winds give rise, in the 
region most exiK>sed to their influence, to two westward- 
moving drifts — the equatorial ewrrente^ which are separated 
in parts of their course by currents moving in the opposite 
direction along the equatorial belt. These last may be of 
the nature of “ reaction ” currents ; they are collectively 
known as the egtuUorial counter^current. On reaching the 
South American coast, the southern equatorial current splits 
into two parts at Cape St Koque : one branch, 

* the Brazil current^ is deflected southwards and 
follows the coast as a true stream current at least as far as 
the River Plate. The second branch proceeds north- 
westwards towards the West Indies, where it mingles with 
the waters of the northern equatorial ; and the two drifts, 
blocked by the ^ -shape of the land, raise the level of the 
surface in the Qulf of Mexico, the Caribbean Sea, and in 
the whole area outside the West Indies. This congestion 
is relieved by what is probably the most rapid and most 
voluminous stream current in the world, the Gulf Stream^ 
which runs along the coast of North America, separated 
from it by a narrow strip of cold water, the “cold wall,” 
to a point off the south-east of Newfoundland, At this 
point the Gulf Stream water mixes with that from the 
LaJbrodoT ewrrewt (see below), and a drift current eastwards 
is sSt up under the influence of the prevailing westerly winds: 
this is generally called the Gulf Stream drift. When 
the Qulf Stream drift approaches the eastern side of the 
Atlantic it splits into two parts, one going southwards 
along the n(»th-west coast of Africa, the Cemaries current^ 
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and another turning northwards and passing to the west of 
the British Isles. Most of the Canaries current re-enters 
the northern equatorial, but a certain proportion kee]>8 
to the African coast, unites with the equatorial return 
currents, and penetrates into the Gulf of Guinea. This 
last feature of the circulation is still somewhat obscure ; it 
is probably to be accounted for by the fact that on this 
j»rt of the coast the prevailing winds, although to a con- 
siderable extent inonsoonal, are off-shore winds, blowing 
the surface waters out to sea, and the place of the wati>r 
thus removetl is filled up by water derived either from 
lower levels or from “ reaction ” currents. 

The movements of the northern branch of the Gulf 
Stream drift have been the ubjec t of more careful and more 
extended study than all the other currents of the ocean 
put together, except, ^rhaps, the Gulf Stream itself. Tho 
cruises of the Porcupine and Lujhtning^ which led directly 
to the despatch of the Challenqfr exijeditioii, were 
altogether within its “ sphere of influence ” ; so also was 
the great Norw'egian North Atlantic exjiedition. More 
recently, the area has been further ex])lored by the 
German ex{>edition in the ss. Xntional^ the Danish Ingolf 
expedition, and the minor cx^ieditions of the Michael Sars, 
Jaekaly Reeearchy «fec. Much has also Iwen ilone by tlie 
I discussion of observations made on board vessels belonging 
to the mercantile marine of various countri(‘s. It may 
now be taken as generally admitted that the current 
referred to breaks into three main branches. The first 
passes northwards, most of it b(»tweon the Faroe and 
Shetland Islands, to the coast of Norway, and so on to the^^. . 
Arctic basin, which, as Nansen has show'u, it fills to 
great depth. The second, the Irminger stream^ passes up^' 
the west side of Iceland ; and the third goes up the Gre^- 
land side of Davis Strait to Baffin Bay. These biunchea 
are separated from one another at the surftvce by currents 
moving southwards ; one, the importance of which has 
only recently been recognized, to the east of Iceland ; the 
second, the Greenland cmrenty skirts the east coast of' 
Greenland ; and the third, the Lahradw current alretwly 
mentioned, follow^s the western side of Davis Strait. 
Pettersson has recently shown that these cold surface 
currents are chiefly due to the melting of sea ice, caused 
by the influx of immense quantities of warm watiT from 
the Gulf Stream drift, and this result has benm coufirined 
by Dickson, who shows, from an investigation of the 
seasonal changes of the circulation, that a drift of tho kind 
described is inade<|uato to account for all tho facts. He 
maintains that, just as in the case of the equatorial 
currents, a heaping-u]> of watei takes place off tho south- 
west coast of Europe and the north-west of Africa, and 
that this hea]>ing-up takes place especially in summer, 
when the Atlantic anticyclone produces its maximum 
effect. The heaped -uj) water escaiies by stream currents of 
the same nature as the Gulf Stream ; and it is these currents, 
not the drifts, which are ablo to make their way into high 
latitudes, guided by the outline of the land. During winter, 
when the Atlantic anticyclone is at its weakest and the sur- 
face circulation is especially under the control of the cyclones 
of the Iceland depression, a general drift circulation is set 
up, large quantities of water move south-eastwards from 
Davis Strait, cross the Atlantic, and {lass north-eastwards 
into the Norwegian Sea. 

The development of the equatorial and the Brazil 
currents in the South Atlantic has already been described. 

the polar side of the high-pressure area % west wind 
drift is under the control of the “ roaring forties,” and on 
I reaching South Africa part of this is deflected and sent 
I northwards along the west coast as the cold Bmguela 
current, which rejoins the equatorial. In the central parts 
! of the two high-pressure areas there is practically no surface 
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circulation. In the North Atlantic this region is covered 
by enormous banks of gulf>weed {Sargamm lnicci/erum\ 
hence the name Sargasso Sea. The Sargasso Sea is 
bounded, roughly, by the lines of 20^-35* N. lat. and 
40’-75" W. long. 

The sub-Rur&ce circulation in the Atlantic may be 
regarded as consisting of two parts. Where water is 
banked up against the land, as by the equatorial and Gulf 
Stream drift currents, it appears to penetrate to very 
considerable depths ; the escaping stream currents are at 
first of great vertical thickness, and jiart of the water at 
their sources has a downward movement. In the case of 
the Gulf Stream, which is not much impeded by the land, 
this descending motion is relatively slight, being |)erhaps 
largely due to the greater sjiecific gravity of the water ; it 
ccaHcs to be perceptible beyond about 500 fathoms. On the 
Europcan-African side the descending movement is more 
markc^d, because the coast-line is much more irregular, and 
the northward current is deflected against it by the earth’s 
rotation ; here the movement is traceable to at least 1000 
fathoms. The northward movement of water across the 
Norwegian Sea extends down from the surface to the 
Iceland-Shetland ridge, where it is sharply cut off; the 
lower levels of the Norwegian Sea are filled with ice-cold 
Arctic water, close down to the ridge. The south-moving 
currents originating from molting ice are probably quite 
shallow. The second part of the circulation in the depth 
is the slow “creep” of water of very low temiierature 
along the bottom. The North Atlantic being altogether 
cut off from the Arctic regions, and the vertical circidation 
being active, this movement is practically non-existent; 
but in the South Atlantic, where communication with the 
Southern Ocean is ^lerfectly ojjcn, Antarctic water can be 
traced to the equator, and oven btiyond. 

Tlie tides of the Atlantic Ocean are of great com- 
plexity. The tidal wave of the Southern Ocean, which 
sweejis uninterruptedly round the gloln? from east to 
west, generates a secondary wave between Africa and 
South America, w^hich travels north at a rate dependent 
only on tin* depth of the ocean. With this “free” 
wave is combined a “forced wave,” generated, by the 
direct action of the sun and moon, within the Atlantic 
area itsel f. N othing j s known about the relative importance 
of these two waves. (h. n. d.) 

Atlas Mountains. — since the exploration of 
the western section by Hooker and Ball in 1878, this 
range has IxHsn visited and even crossed at more than one 
point hy later travellers. Oscar Lenz, wlio surveyed a 
considerable ])art of the Great Atlas north of Tarudant, 
and determined a pass south of Ihr in the Little Atlas in 
1879>80, and i>etietrated thence across the Sahara south- 
wards to Timbuktu, was followed in 1883-84 by Ch. de 
Koucauld, whose extensive itineraries include many districts 
that had never before been visited by any Europeans. 
Sur;h were [larts of the first and middle ranges crossed 
(mce ; three routes over the Great Atlas, which was more- 
over traversed along both flanks nearly for its whole 
length; and six journeys across the Little Atlas, with 
a general sur\ey of the foot of this range and several 
]»assages over the Jelxjl-Bani. Then came the late Joseph 
Thomson, w'ho exjilored some of the central parts, but 
broke little new ground, and failed to cross the main 
range (1888) ; H. M. P. do la Martiui^ro, who increased 
our knowledge of the uplands in the province of Fee 
(1890-91); and lastly, Walter B. Harris, who explored 
some of the southern slopes and crossed the Little Atlas 
during his expedition to the Tafilet oasis (1894). 
Than& to these ex])editions, and especially to lie 
Foucauld’s careful surveys, we now possess a somewhat 


clear idea of the hitherto imperfeetly known Atlas system 
in its more important western (Moroccan) sectiim, which 
bears the comprehensive Berber name of Adsab i^bbek, 
the “ Derea Mountains.” Here it forms not two or three 
chains, as hitherto supposed, but as many as five distinct 
ranges, all varying in len|^ and height, but disposed 
|)aTallel to one anoSier in the normal direction from south- 
west to north-east, with a slight curvature towards the 
Sahara. Generally speaking, the northern more or less 
convex slopes, being exposed to the moist Atlantic winds, 
are in many places well wooded, while the southern flanks, 
which intercept the dry Sa^ron winds, are mainly 
destitute of v^tation. 

The main range, commonly known as the Gbeat Atlas, 
occupies a central position in the system, and is by far the 
longest and loftiest chain, terminating, not in a 
plateau as often asserted, but in a sharply out- 
lined crest, and culminating between the Bibawiin 
Pass and the Jebel Alshin. The fall towards the Dahra 
district at the north-east end is gradual and continuous, 
but precipitous at the opposite extremity facing the 
Atlantic between Agadir and Mogador. At several points 
the crest has been deeply erc^ed by old glaciers, and 
running waters, and thus have been formed a number of 
{)a8ses, which, however, are little utilized for ]:)eaceful inter- 
course, the ap})roaches on both slopes being mostly held 
and blocked rather than kept o][)en by mutually hostile 
Berber tribes. The Aishin section, culminating in a |>eak 
nearly 15,000 feet high, maintains a mean altitude of 
1 1,600 feet, and from this great mass of schists and sand- 
stones a number of secondary ridges radiate in all direc- 
tions, forming divides between the Um-er-R4bia, the 
Bebu, the Muluya, the Ghir, and the Draa^ which flow 
respectively to the west, north-west, north-east, south-east 
and south. Eastwards the Aishin terminates abruptly in 
the steep Jebel-Ternelt cliffs, which rise some 6000 feet 
above the surrounding plains. For a distance of 100 
miles it nowhere presents any passes accessible to cara- 
vans ; but south-westwards some gaps in the range afford 
communication between the Um-er-ll^bia and the Draa 
basins. In the same direction the Aishin is continued by 
a not yet named crest, which appears to maintain the 
same mean altitude of considerably over 11,000 feet, and 
it is this south-western extension of the Moroccan system 
which gives it greater average height than the European 
Alps, although dominated by less elevated peaks. Yet a 
few summits in the extreme south-west still exceed 11,000 
feet in the neighbourhood of Cape Ghir. Besides huge 
masses of old schists and sandstones, geologists have dis- 
covered extensive limestone, marble, diorite, basalt, and 
(Kirpbyry formations, while granite prevails on the southern 
sloijes of the Aishin range. The presence of enormous 
glaciers in the Ice Age is attested by the moraines at the 
Atlantic end, and by other indications farther east. The 
liest known passes are : (1) The Bibaw&n in the upper 
Wed-Sus basin (4150 feet according to Lenz); (2) the 
Tjzi, t.e., the “Pass” in a pre-eminent sense, giving 
access from Marakesh to Tarudant, rugged and difficult, 
but low, and utilized by Lempri^re, Jackson, Lenz, and 
other travellers; (3) Tizi n’Tamefiut, leading down to 
the Draa valley ; (4) Tizi n’Qlawi (7600 feet, Foucauld) ; 
(5) Tizi n’Telromt (7250 feet, Foucauld), leading down 
to the Wed-Ghir. 

The Middle Atlas, skirting the north flank of the 
Great Atlas at some distance inland, is not visible ffom 
the cbost, and is still but little known; but 
seems to run from the region north of Demnat J** 
to the Dahra district beyond Debdon, presents 
a somewhat regular snowy crest between the 
Uraher-B^bia and the Wed el-Abid valleys, and is crossed 
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by passes from 5000 to 6000 feet high. Both slo^ are 
wo<ded, and its forests are the only parts of Morocoo 
where iSko lion still survives. 

Littlb or Anti-Atlas running parallel to and 
south of the main range is one of the least elevated chains 
in the system, having a mean altitude of not more than 
5000 feet» although some peaks and even passes exceed 6000 
feet. At one point it is pierced by a ^p scarcely five 
paces wide with polished walls of variegated marbles. 
Although in some winters nearly free from snow, La 
Martini^re found the Little Atlas quite covered with a 
white mantle in 1890-91. The Atlas system is completed 
by two other less important ranges — the Jebel>Baki, 

ATMOSPHEBIC 

§ 1. iNVBSTiaATiON into the early history of atmospheric 
electricity would be the province rather of the antiquary 
than of the scientific man. In pre-scientific days light- 
ning was usually regarded as the special vehicle of divine 
vengeance. Lucretius was perhaps the first who attempted 
to apply to its elucidation the scientific method; he 
poin^ out that even temples of Jupiter had not escaped 
the thunderbolt, which seemed to imply an incredible 
degree of inefficiency in the department over which that 
divinity was suppoi^ to preside. Like most modern 
scientific men who have considered the subject, Lucretius 
had a theory of his own, and he might almost be looked 
upon as the parent of the ^‘electric fluid** phraseology 
still so prominent in popular writings. Even in 1749, 
when Franklin propos^ the famous kite experiment to 
test the identity of natural and artificial electricity, the 
electric fluid th^ry was probably hold by most scientific 
men in a fairly litoral sense. The electric fluid was sup- 
l) 08 ed to reside in the clouds, whence it was attracted by 
any sharp point held upwards. Shortly after 1750 the 
observations by Lemonnier and others of electric pheno- 
mena in the atmosphere in the absence of cloud led to 
some modification of ideas. It was only, however, with 
the introduction of improved methods and apparatus after 
the middle of the 19th century, mainly by Lord Kelvin, 
that there was any approach to exact measurements of 
atmospheric electricity. To understand the different 
methods employed or recommended, a brief survey of the 
phenomena is necessary. 

§ 2. At most places in dry weather the electric potential 
near the ground is normally positive relative to the earth, 
and increases with the height The existence of earth 
currents shows that the earth, strictly speaking, may not 
be all at one potential ; but the potential differences between 
points on the earth’s surface — say, 1 kilometre apart — ore 
insignificant compared to the normal potential difference 
between the earth and a point 1 metro above it, and when 
considering this latter difference we may regard the earth 
as at a uniform zero potential. What is aimed at in 
ordinary observations of atmospheric electricity is the 
measurement of the potential difference between the earth 
and a point at a given height above it, or else the differ- 
ence in potential between two points in the same vertical 
at a given distance apart. 

Let a conductor — say, a metallic sphere — bo supported 
by a metal rod of negligible capacity whose other end is 
earthed. Then the conductor must all be at 
zero potential, and consequently the ^here must 
have an induced charge which produces at its 
centre a potential equal, but opposite, to what would exist 
at the same spot in free air. This neglects any charge 
carried by the air displaced by the sphere, and assumes a 
atatical state of conditions, and further, what in practice is 
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south of the Little Atilas, crossed several times by 
Foucauld, who describes it as a low, narrow rocky ridge 
with a height of 3000 feet in its central parts ; and the 
Ulmxss Kiata, south of the middle range, not a continuous 
range, but a series of broken mountain masses from 3000 
to 3500 feet high, and traversed by the rivers Sebu and 
Muluya. 

Authorities.— Thomson, Joseph. Trtmli in tht Atlas and 
Southern Morocco, London, 1889. -Lens, Dr Oscar. Timbuktu, 
Leipsig, 1884. — De Foitcauld, Vicomte Ch. Mecamaismnee an 
MaroCf 1888-84, Paris, 1888. ^ > MartimiAke, H. M. P. de la. 
Morocco; Journey to the Kingdom of Fez, Ac. London, 1889.— 
Harris, Walter B. Tafilety a Journey of Krploration in the 
Atlas Moumlaim, Ac. London, 1895. (a. H. K.) 

ELECTRICITY. 

never wholly realized, that the conductor exerts no disturb- 
ing influence outside itself. Sup^iose now that the sphere’s 
earth connexion is broken, and that it is carried by an in- 
sulating handle inside a building at zero potential, where 
its potential (relative to the earth) is determined. If this 
l)Otential is - V (volts), then, assuming no loss of electricity 
during the operations, the potential of the air at the siK)t 
occupied by the sphere was + V. This method under 
various fonns was largely in use about the middle of the 
19th century. It was followed for many years by Quetelet 
at Brussels, and in a modified form by Palmieri at Naples ; 
in recent years it has been employed at the suggestion of 
Elstor and Qeitol on the top of the {Soimblick. 

Next, suppose that a fixed conductor is insulated from 
the ground, and tliat by some means it is kept at the poten- 
tial of the air which it displaces, then the measurement of 
its |)otential is equivalent to a measurement of the iK)tential 
of the air. This is the basis of various seemingly different 
methods. Originally tho conductor took the sha^s) of 
long metal wires, supported by silk or other insulating 
material, and no artificial means were employed to bring 
them to the potential of the surrounding air. The addition 
of sharp points was a step in advance. But the method 
can hardly be said to have been a quantitative one until 
the sharp points were replaced by either a fiame (fuse, gas, 
lamp) or a liquid jet breaking into drops. In either case 
the theory is the same. The matter leaving the conductor, 
whether it be tho products of combustion of a fuse or the 
drops of a liquid, supplies the means of maintaining 
ecjuality of potential between the conductor and the air at 
the spot where the matter quits electrical connexion with 
the conductor. It is customary to apply th<i term collector 
to tho fiamo or liquid apparatus, its function being, in 
popular language, to collect electricity. 

§ 3. Several forms of flame-collector have been proposed, 
and two have been a good deal used, viz.. Lord Kelvin’s 
}>ortable electrometer {Papers on Electrostatica ami Magnet- 
ism^ §§ 263, 277, Ac.) with a fuse, and Exner’s form of 
gold-leaf electroscope (Kxner, JFiefi. Sltz. vol. xciii. (Ab. ii.), 
1886, p. 222 ; also Sitz. xcv., xcviii., xeix., Ac, ; Elster and 
Qeitel, Terresti^ Magnetism^ vol. iv. p. 15, ike.) in con- 
junction with an oil lamp or gas flame. The latter is tho 
instrument employed in most of the recent work done by 
Exner, Elstor and Qeitel, and others in Austria and 
Germany. The most obvious defect of the ordinary flame- 
collector is the tendency in tho flame to lie blown out. 
This prevents the u.se of Exner’s form on windy days, 
but Pellat {Soc, Franc. Phys. Bull, June 1899; /S'cience 
Ahgtmcts^ 1706, for 1899) has invented a^form which 
claims to have surmounted this difficulty. 

Of liquid collectors the representative is Lord Kelvin’s 
** watex^opper.” The water is contained in a tank standing 
on insulated supports, and the tube through which the jet 
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issues passes through a hole in a window. From the tube, 
or the tank, an insulated wire {passes to a qiuulrant electro- 
meter. Readings can be taken by eye, or a continuous 
photographic record can be obtained. In the latter case, 
light reflected from the mirror attached to the electrometer 
needle falls on prej»ared {>aper, which is wound round a 
drum driven by clockwork. Installations of this kind are, 
or liavo been, in o[>eration at a good many observatories, 
including Kew, Greenwich, Lyons, Perpignan, Lisbon, and 
Batavia ; of late years a water-dropper has been in opera- 
tion during summer near the top of the Eiflel Tower. At 
Kew Observatory the watcr-dropi>er tube is connected to 
the needle of the electrometer, whose quadrants are con- 
nected, tlie one pair to the positive pole the other pair to 
tljo negative pole of a battery of cells, whose centre is 
earthed. The arrangement is shown diagranunatically in 
Fig. 1. The most obvious weak iK)iut in a water-dropper 
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Fig. 1 — Diugnim of Iho WatHi.Uioiij)er ut K«w Obsenuloiy 


is the tendency to fret?ze in cold weather. To remedy this, 
less easily frozen litiuids have sometimes Ixjeii employed, or 
the water has been heated or the tube protected. By such 
means water-droppers were kept in continual operation at 
two of the stations (Sodankyla and Ca^ie Thorsden) of the 
international polar yeiir 1882-83 during very severe cold. 

§ i Before {uisHiiig to the observational data it is ex^dieiit to 
rof(*r to various sources of un(*ertaiuty. As already stated, we may 
ill this inquiry regard the earth as at a uniform zero potential. 
Above a limited urea of a level plain of absolutely smooth surface, 
devoid of houses, trees, or grass, the equipotential surfaces under 
normal conditions would bo horizontal planes, and if wo could 
detormino the potential ut a point 1 metre above the ground we 
should have a definite measure of the paUiUuU gradient at the 
earth's surface. The presence, however, of apparatus or observers 
upsets the conditions, while above uneven ground, or near a tree 
or a building, the eipiipoteiitial surfaces cease to lie horizontal. In 
an ordinarily moist climate a building seems to he practically at 
the earth's ixitential ; near its walls the equiiiotentiaf surfaces are 
far from beinobhonzoiitul, and near a ridge they may lie very close 
together. The height of the walls in tlie various observatories 
possessing water-dropnors, tlie lieight of the water-dropper tube 
above the ground, and the distance it projects from the wall, all 
vary laigely. Again, the tube may project from the centre of a 
long wall or from a corner, and there may be external buildings or 
trees sufficiently near to influence the potential. An interesting 
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example of the influence of the situation is presented by Butavia 
Observato^. During the yearn 1887-90, with the water-dropper at 
a height of 2 metres above the ^und, the mean of the mtentiida 
recorded was 79 volts ; but dunng 18^-95, with the watA-dropper 
at a height of 7*8 metres, the mean voltage was 967. This will 
show the futility of comparing the absolvte voltages met with at 
two stations, unless means exist of allowing for the diflcrence in 
the environments of the smparatus. This is the principal reason 
why Tables 1. and 11., p. 775, give the ratioe borne by individual 
hourly or monthly values to the mean value for the day or year. 

§ 5. There are other sources of uncertainty. If the shape of the 
equipotential surfaces near the jot is influenced by trees, shrubs, or 
grass, the influence will vary throughout the year. A^in, in 
winter, the var;^ ing depth of snow or the formation of icimes may 
exert an appreciable influence. There are further sources of trouble 
in the apparatus itself. Unless the insulation is perfect, the poten- 
tial recorded is nut tliat of the atmosphere at the spot where the 
jet breaks. The action of the jet is opjiosed by the leakage through 
imperfect insulation, and if this is greater at one hour of the day, 
or at one season of the year than at another, there may be a ficti- 
tious element in the diurnal or annual variation. A similar result 
may arise from variability in the pressure under which the jet 
issues, especially if the insulation is iudiflerent. The potentials 
that have to be dealt with are often hundreds^ and sometimes 
tiiousands, of volts, and insulation troubles are more serious than 
is generally appreciated. As a check on the records from water- 
droppers, It is desirable that scale- value determinations should be 
regularly made, and that the curve readings should from time to 
time be compared with eye observations, taken with a iiortable 
electrometer or olectroscoiie in a fixed {xisition, at a sufficient dis- 
tance from building or shrubs. lu interpreting the records from 
a water-dropper, allowance must be made for the existence of purely 
local phenomena. The necessity for this was shown as long ago as 
1860 at Glasgow (Kelvin, Papers on Electrostatics and Man/nettsm^ 
§ 392). Two water-droppers were kept miming in the university 
buildings, at no great distance a])art but at diflerent levels, and it 
was found that they often did not show pronounced changes of 
XMitential Bimultanoously. From this Lord Kelvin drew the con- 
I elusion — ^which more recent observations have only tended to coii- 
I firm — that there are often electrified portions of the atmosphere in 
I motion close to the earth. What may bo regarded as accidental 
temporary disturliaiices have probably little influence on the re- 
sults found for ineun diurnal or annual inequalities, hut tliis is not 
the case with influences such as the site of the station, W'hothcr in 
' a valley or on a hill, near a river or the sea. 

§ 6. When rain is falling the potential frequently changes rapidly. 
These changes are often too sudden to be satisfactorily dealt with 
by an ordinary electremeter, and they sometimes leave y • „ 

hardly a trace on the photographic paper. Again, the • o m 
rain dripping from all parts of the efflux tube may 
j materially affect the situation. For these and other ^ 

I reasons, it is customary at some obsorvaturioa to take no account 
of days on wliich there is an appreciable amount of rainfall, or else 
to form separate tables for *‘dry " or “ fine " days, and for “ all " 
days. In other cases negative jiotentials are excluded from certain 
of the tables. Speaking generally, the exclusion of days of rain 
and of negative potential comes pretty much to the same thing 
(see, however, § 15). 

Of the accompanying tables (p. 775) the first gives the mean 
diurnal inequality at various stations for the whole year, while the 
second shows diurnal inequalities for ''winter'* and "siunnicr." 
These each include six mouths, except at Sodankyla and Perpignan, 
when three months at mid -win ter and three at midsummer are 
meant. For reasons already stated in § 4, the hourly values are 
expressed as percentages of the mean value for the twenty-four 
hours. The height h of the efflux tube above the ground, and the 
distance I which it projects from the building, are in metres. The 
hours are in most cases moan local time. In the case of Florence, 
however, the entry under an hour is really the mean for the 
previous sixty minutes. At Sodankyla apparently a correction of 
about twenty-seven minutes would be necessary to give local time. 
The data employed in calculating the tables are derived from the 
following sources : Gape Thor^en {Observations faUes au Cap 
Thorsden SpUsberg^ par VEsepediHon SvMoise^ tome ii. 2, jiar 
S. A. Andr<^, Stockholm, 1887) ; Sodankyla {Exp4ditwn Polaire 
Finlandaisc, tome iii., Helsingfors, 1898) ; Kow Observatory 
(Everett, Phil, Trans, for 1868, p. 347, and Whipple, Brit, Assoc, 

I Eeport for 1881, p. 448) ; Greenwich (annual volumes of Cfreemoich 
Magnetical and Meteorological Observations) ; Florence {Met, Eeit, 
for 1891, p. 357) ; Perpiman {Met, ZeU, for 1891, p. 118, and 1890, 
p. 819) ; Lisbon (annual volumes of Annaes do Ooe, do Infant^ D, 
Luiz) ; •Batavia {Observations made at the Mag, and Met. OA. at 
Batavia, voL xviii., 1895) ; Gape Horn (Hann, Met, ZeU, for 1889, 
p. 95). 

§ 7. Some of the results in Table II. are shown 
graphically in Fig. 2, along with some corresponding 
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Table 1. 

Mmu Diurnal Inequality far the Year^ 




station. 

Gape 

Tlioreden. 

Sodaiikyla, 

Kew Dlwerv.'itorj' 

Oreonwicli 

Plot-ence. 

Perpignan. 

Lieboii. 

Batavia. 

Cftlie 1 
lliiru 

Period. 

1888-88. 

188S-88. 

1862-04. 

1880. 

1880 

mm-ik) 

1888-h:i. 

1880-88. 

1884.86. 

1887-90. 

1890-96. 

1882.83. ^ 

Days. 

Quiet, 

All. 


All 

I 'OK 

All. 

All 

Kino 

All 

Dry. 

Dry. 

J^OB. 

h 

8*83 

30 

8*u 

8*8 

8*8 

so 

' ? 

8*4 

s-o 


7*8 

8*fi 

1 

1*87 

2*.'> 

1-rt 

J.4 

1 4 

1*8 

V 

1 5 

0*f> 



2*0 

Hour. 













1 

97 

91 

87 

102 

101 

97 

9J 

78 

84 

147 

125 

82 

2 

99 

85 

79 

9.5 

95 

89 

' 83 

72 

80 

141 

114 

73 

3 

94 

82 

74 

88 

86 

87 

77 

71 

78 

135 

109 

85 

4 

89 

84 

72 

85 

84 

86 

76 

72 

81 

128 

102 

81 

5 

93 

89 

71 

sr, 

81 

86 

74 

77 

83 

127 

101 

85 

6 

96 

91 

77 

88 

88 

92 

82 

92 

92 

337 

117 

95 

7 

94 

97 

92 

97 

9.5 

100 

100 

107 

101 

158 

147 

106 

8 

102 

100 

106 

97 

9.5 

102 

, 112 

114 

105 

104 

119 

118 

9 

98 

98 

107 

102 

101 

100 

113 

111 

104 

67 

8*2 

119 

10 

1 93 

102 

100 

90 

91 

101 

. 107 

100 

104 

42 

55 

123 ‘ 

11 

98 

98 

90 

94 

96 

96 

100 

96 

102 

35 

46 

123 1 

Noon. 

96 

102 

92 

91 

9.5 

97 

95 ! 

99 

108 

30 

43 

115 ' 

1 

99 

105 

90 

90 

94 

96 

92 i 

1 99 

111 

30 

12 

112 ' 

2 

99 

107 

91 

88 

89 

' 94 

90 1 

1 97 

114 

30 

13 

94 

3 

101 

108 

92 i 

8.5 

8.5 

Ofi 

89 1 

99 

1 109 

33 

46 

89 1 

4 

105 

108 

98 

ss 

90 

97 

89 

! 10.5 

f 108 

41 

53 

88 ; 


105 

108 

108 

99 

97 

102 

94 

1 113 

108 

67 

73 

84 1 

6 

109 

no 

121 

no 

! 108 

108 

113 

! 126 

111 

91 1 

1 108 

no ' 

7 

108 

102 

134 

118 

121 

1 111 

121 

> 131 

116 

120 

145 

107 ' 

8 

111 

111 

139 

129 

127 

115 

129 

1 129 

114 

137 

155 

123 ; 

9 

110 

111 

138 

130 

132 


132 

120 

109 

146 

155 

112 ' 

10 

100 

104 

128 

130 

127 

' 117 

127 

109 

102 

14S 1 

1 147 ' 

99 

11 

101 

108 

113 

114 

1 in 

111 

114 

97 

' 92 

1.51 

1 143 

85 

12 

99 

93 

99 

105 

1 105 

101 

100 

86 

1 85 

117 

' 130 

98 

Mean ) 

1 value In ;• 

.•.. 14 . 1 

1 










1 


1 10 

65 

.51 i 

1 

' 91 


119 

55 

99 

79 

1 967 

100 


I MIIIO III * , 

volts j I 


Tauli; H. 


Dtttrjiol JnequalUics, 


Station. 

Capo ThureUen. 

Sodankyla 

KfW OliHri \atui> 

OreiMiuich. 

IVndguau 

Lntboii 


Batavia 

1 

Penoil 

1SS2-83. 


ls«0 

IStM and ISOU. 

1888 

JSS>-80. 

(L^ metiOR ) 
188T-lK> 

(7 8m*‘iii*s) 
lS‘i0-Uf. 


•Ian. to , May to 

Wni- 

Sum- 

WitiUM 

Snmiuer 

Win 

Sum. 

Win- 

Sum 

Will 

Sum. 

Will- 

Sum- 

1 Will- 

hum* 


April. 

Auk 

t**r. 

iin*r 

tfr 

iiier 

t4n. 

mi*r 

t»‘r 

iner 

tei 

uii'r 

1 t»*i. 

liter. 

Hour 

















1 

97 

87 

90 

99 

91 

iin 

87 

no 

68 

8S 

76 

93 

145 

149 

l:i4 

127 

2 

111 

83 

79 

81 

9-2 

104 

81 

101 

67 

80 

74 

86 

139 

142 

111 

114 

3 

118 

80 

78 

90 

84 

9*2 

76 

98 

62 

77 

75 

82 

137 

135 

109 

108 

4 

103 

76 

74 

99 

81 

90 

77 

96 

63 

81 

1 79 

81 

131 

127 

100 

103 

5 

103 

78 

74 

111 

80 

95 

78 

91 

68 

94 

77 

86 

132 

123 

102 

100 

6 

114 

78 

80 

114 

83 

97 

82 

101 

83 

112 

1 82 

96 

138 

136 

115 

118 

7 

108 

82 

86 

117 

91 

105 

91 

107 

102 

118 

93 

10.S 

166 

153 

162 

142 

8 

107 

98 

95 

122 

94 

100 

97 

in 

122 

111 

100 

lu.l 

118 

92 

131 

98 

9 

92 

102 

91 

109 

106 

91 

98 

102 

126 

109 

106 

100 

74 

64 

91 

76 

10 

89 

102 

106 

101 

100 

(71)' 

102 

98 

112 

101 

109 

97 

43 

40 

57 

54 

11 

97 

101 

98 

97 

97 

93 

103 

86 

100 

102 

108 

96 

35 

36 

47 

46 

Noon. 

98 

100 

98 

100 

100 

85 

107 

94 

106 

105 

113 

98 

31 

30 

42 

44 

1 

101 

101 

116 

97 

99 

85 

107 

85 

106 

98 

117 

107 

29 

33 

40 

42 

2 

96 

104 

113 

97 

91 

78 

109 

82 

106 

90 

116 

114 

28 

32 

40 

46 

3 

93 

no 

121 

93 

90 

75 

111 

78 

106 

88 

, 114 

101 

24 

41 

43 

50 

4 

92 

119 

111 

96 

97 

74 

116 

81 

in 

89 

115 

102 

30 

49 

50 

55 

5 

101 

112 

105 

106 

104 

85 

112 

93 

117 

93 

116 

101 

60 

74 

78 

73 

G 

98 

116 

115 

92 

114 

96 

114 

98 , 

126 

103 

120 

101 

88 

94 

108 

107 

7 

103 

124 

118 

102 

124 

in 

117 

99 

131 

in 

128 

106 

119 

122 

144 

146 

8 

102 

126 

117 

106 

129 

125 

113 

108 i 

126 

115 

115 

116 

138 

135 

153 

156 

9 

95 

126 

115 

90 

128 

144 

in 

118 

117 

no 

105 

115 

145 

147 

162 

167 

10 

86 

98 

112 

90 

120 

144 

no 

124 ' 

104 

116 

98 

no 

148 

148 

145 

150 

11 

90 

103 

118 

108 

106 

130 

102 

120 

93 

106 

86 

97 

149 

152 

140 

145 

12 

102 

89 

95 

85 

97 

121 

93 

116 

80 

95 

75 

95 

148 

146 

126 

133 


results for the Bureau Coutral Mcteorologique, the Kiffel * possessed of two distinct maxima and two distinct minima, 
^l^o'wer, and the College de France, Paris, the last based and a winter type showing only one maximum (in the 
on diagrams in a \m,\)eT by Chauveau (Skinees de la evening) and one minimum (in the morning), or else closely 
Soc, Franc, de Phpaique for 1899, p. 91). In this paper approaching this as an ideal. Arguing from the results 
Chauveau suggests tl^t there are at ordinary stations two I on the Eiflel Tower and from those on a high staging at 
distinct tyjies of diurnal variation, viz., a summer tyjie | Trap|)es, Chauveau draws the conclusion that the afternoon 
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SuMMetk 


miiiimum in summer arises from causes peculiar to 
stations near the ground, and that at moderate heights the 
winter ty^ie of inequality applies in all latitudes through- 
out the entire year. It should be remarked, however, that 
some of the results in Tables I. and II. hardly seem to fit 
this th(K>ry. 

Some of the irregularities in Tables 1. and II. would 
probably disap|)ear if more years' data were employed; 
tliis is esiKicially true in cases where the range is small, 

as at Ca{>e Thorsdon 
in winter. In this 
instance, according 
to the data, the in- 
equality is almost 
the opposite of that 
usually met with, the 
potential I)eiiig high- 
est in tlie early morn- 
ing hours, and at 
alK>ut its lowest value 
lietwecn 9 and 1 1 
p.M. In smniner the 
niorning minimum is 
as well marked as at 
other places. It will 

J|(|?e A A Hijjjli A A nSm 'JC noticed t^t tlic 
t evening maximum is 

^ decidedly less pro- 

minent at Greenwich than at Kew, eB|)ecially in winter, 
and that the afternoon minimum in winter is distinctly 
present at Kew though liardly visihicj at Greenwich. 



In considering such discreiiancies it would be well to 
bear in mind the {jossibility, or rather probability, that 
atmospheric potential like thunderstornis and 

auroras, vary much from one year to the next. At 
Lisbon the summer inequality presents three fairly 
equal maxima. These are possibly fictitious, as the 
range is exceptionally small, but the phenomenon was 
exhibited by each of the three years included, and 
there is a suggestion of more than two maxima at 
some of the other stations. Narrowness of diurnal 
range is clearly no general attribute of low latitudes, 
for that at Batavia is most conspicuous. Some of 
the irregularities in the tables may be due to the in- 
teraction of conflicting agencies, of which one may be 
dominant at one time, another at another. Thus C. B. 
Andr4 Jiendiis^ 112 (1891), p. 1509), on 

separatii^ quiet bright days at Lyons into two sets, 
according as the wind was northerly or southerly, con- 
cluded that the characteristics of the diurnal inequality 
were conspicuously difierent in the two ca&les. Andre's 
diagrams show two w^oll- marked maxima and minima 
(with small doubtful ones) in each instance, but with 
southerly wind the morning maximum is much the larger, 
whereas with the wind northerly it is somewhat the 
smaller. 

§ 8. The mean of the hourly ordinates of electrograms (electric 
potential curves) for a montli gives the monthly mean, and the 
' interoomjiarisou of the monthly means gives the annual inequality. 

For reasons already indicated, Tabic III. gives relative not 
I absolute values for the twelve monthly means. The data are from 
' the same sources as those utilized in Tables 1. and II. 


taiii.e hi. 


yiunaal Inequality ; VrrcetUaqcs of MeAin PoicnUal Jor the year. 


■ 

./utl 1 

K«*l» 

March 

Avril. 

May. 

June. 

July. 

August. 

Wept. 

Oct. 

Nov. 

Dec. 

OatMi Tliar»dvu, ].S82-8;i 

153 ' 

86 

117 

209 

178 

63 

65 

79 

• t t 


13 

7 

Hodarikyla, 1882-83 

94 

133 

148 

1.55 

186 

93 

53 

77 

47 

72 

71 

71 

(rl'Sy : : 

165 . 

HO 

157 

106 

60 

57 

62 

48 

54 

96 

127 

134 

161 , 

145 

149 

105 

62 

59 

01 

44 

53 

102 

123 

136 

Greenwich, 1893-94, 1896 

110 

112 

1 127 

107 

83 

71 

70 

84 

83 

104 

104 

139 

Florence, 1883-80 . 

132 I 

no 

98 

84 

86 

81 

77 1 

1 90 

89 

99 

! 129 

125 

Perpignan, 1886-88 . . , 

LisiKin, 1884-86 . 

, 121 

112 1 

108 

89 

91 

92 

89 1 

82 1 

74 

99 

122 

121 

< 104 ! 

105 

104 

92 

91 i 

93 

87 

92 

100 

99 

115 

117 

llatavia (2 in.), 1887-90 

1 1 

115 

155 

127 

129 

105 

79 

62 

69 

79 

90 

93 

Rata via (7 '8 111 .), 1890-90 . 1 

1 100 

89 

103 

120 

98 

103 

85 

99 

73 

101 

117 

112 


At Sodaiikyla the year employed began iMth September 1882, 
at Cape Thorsdon with November 1882. At the latter station 
there were only ten months' observations, and the results for 
N o vembor and Dooeniber seem hardly credi blc. Thu figures suggest 
that the rapid fall in potential observed at Kew and Greenwich in 
April and May takes ))lace later in the far north, and somowhal 
earlier in Florence, Perpignan, and Lisbon. At the higher level 
at Ratavia the annual inequality seems very irregular, notwith- 
standing that it is a moan from six years’ results. 

§ 9. Diurnal and annual inequalities have been published for 
a variety of i>lacos, which are based on eyo observations with 
Kxner’s oloctroscopo. Such results dejiend only on observations 
taken at certain hours of the day, sometimes only on bright da>B ; 
consequently they are not directly comparable with inequalities 
based on the continuous records of solf-recording instruments. 
Two examples arc given in Table IV. The Wolfenbiittel data arc 
due to Elster and Geitel ( IFiVn. Sifz. ci. Abtli. ii., 1892, p. 703} ; 
the data for La«lenbiirg were obtained by Qockel (AM, Jseit, for 
1897, p. 281) during the years 1892-95. The fibres are the 
monthly means iu volts of the potential at a fixed point in the 
atmosphere. 

Taui.p. IV. (Annual Ineffttolitt/). 


in metres, the maximum and minimum values of the potential 
arc in volts. The data for Paris and Trappes are from the paper 
by Ghauveau already mentioned ; the others from the same 
Houroes as Tables 1. and II. London is the mean of Kew (1880) 
and Greenwicli. 

Taiile V. 





Pin IK. 





Station. 

Lone on. 

Bureau 

Biffef 

gnaii. 

Batavia. 




Central. 

Tower. 




Height 

* 


286 

20 

8-4 

2 

7-8' 

^ Season 

i_ ! 

Year. 

Sum- 

mer. 

Sum- 

mer. 

Sum- 

mer. 

Hum- 

mer. 

Year. 

Year. 

Year. 

Maximum 1 



172 ! 

2400 

872 

72*3 

126 

1406 

Minimum 



102 

1740 

218 

1 89*0 

24 

401 

Max./mMin 

1*24 

TS4 

129 1 

1-18 

1-23 

1‘81 

1-68 

1'6ft 

Min, /moan 


•76 

•77 ! 

•79 

•70 

•71 

•80 

•48 


1 J»n. 

Fell 

Mcli 

VpHl. 

May 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov 

Dec 

Wolfenbiittel 

89f 

889 

20A 

1 138 

110 

102 

128 

121 

121 

188 

260 

470 

Ladenbtirg 

807 

637 

148 

1 «* 

62 

60 

iH) 


78 

116 

106 ! 

134 


how 


§ 10. Table V, gives some data bearing on the question of 
the amplitude of the dinrnal inequality is influenced by 
height of the water-dropper above tlio ground. The heights ore 


Perhaps all that can be said is that the ivsults are not unfavour- 
able to the view that tlie relative importance of the 
diurnal inequality diminishes as tho height above the 
I ground increases. 

^ 1 11. The diurnal inequality near the |n*ound on 

I the top of a mountain has no necessary r^tionslvip 
^bat above a plain at the same height above the 
Elster and Geitel (Afr^. Zeit. for 1891, p. 821) 
believe that on the top of a mountain the diurnal variation is 
small, basing their view partly on some observations of their own 
oil the top of the Sonnbliok (3100 metres). The mean of these 
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for certain hours of the day, along with some corresponding data 
obtained by Michie Smith in January 1885 ou Dodabetta (8642 
feet), the highest summit of the Neilgherries in India (IfVans. 
Jt.S.llk Tol. xxxiL p. 583), are given in Table VI. (afternoon 
hours dashed). 

Tablk VI. 


Hour. 


8 

10 

Xocin. 

2' 

4' 

6' 

Sonnblick 

200 

218 

240 

214 

224 


220 

Dodabetta 


55 

67 

93 

108 

‘93 

69 


The unit in which the potential is measured ie not the same in 
the two oases, and the hours are not exact local moan time. 
Eister and GeiteTs results, exeept that for 6 p.m., depend on throe 
days' observations ; Michie Smith's are means from tivo days 
nearly free from mist. In support of their view EUter and Geitel 
refer to a few observations bv Exner on a hill near St Gilgen, and 
to a considerable number of observations made more recently, but 
with apparently somewhat {wimitive apnaratUM, on the Sonnblick. 
In view of the large variation observed on Dodabetta, more ex- 
periments on the subject are clearly wanted. 

§ 12. Many of the data referred to below an^ taken from 
Lo Cadet’s interesting book £^iuie du elutmp Hectrique de 
VAtmo^hhe, Paris, 1898. For small heights use may be 
made of captive balloons, jirovided witli a burning fuse, 
and carrying a wire attached to an elcctroscojie on the 
ground. With such ap])aratu8 Exner ( Wien, SiU, xciii., 
1886, p. 222) found the ixitential gradient nearly uni- 
form up to heights of 30 or 50 metros above the ground. 
At great heights the potential dilfera so much from that 
of the earth that captive balhxms ai*e unsuitable. Accord- 
ingly, in 1885 a free balloon ascent was made at Vienna 
by Lecher, at Exner’s suggestion. The jiotential gradient 
was found by using two water-droppers, with their jets at 
a difference of 2 metres in level. The mean of the few 
measurements taken made the potential gradient at a 
height of 550 metres nearly double that at the ground. 
More recent experiments, however, tend to show that 
Lecher’s observations, if correct, were excejitional. Per- 
liaps the most imfiortant of these exixjriments are those 
due to Le Cadet himself. Like Lecher he employed two 
collectors — either water-droppers or flame-collectors — ^but 
usually with an arrangement for altering their difference 
of level. Table VII. gives some of Le C’adet’s results. 
Each value is usually the mean of a scries of readings. 
H is the height of the balloon in metres, the potential 
gradient in volts per metre. 


Tablb VIL 

Balloon Observations hy Cadet, 


Date. 











Aug. 1,/H 

015 

740 

790 

870 

1005 

1100 

1150 

15100 



1898. Ip 

75 

45 

85 

20 

29 

27 

88 

88 



A\ig.9,]H 

824 

BSO 

1000 

1255 

1290 

1745 

1940 

2080 

2810 

25*20 

1898. 1 P 

87 

48 

48 

41 

42 

84 

25 

21 

18 

10 

8ept.ll, 1 H 

1140 

1878 

laso 

1914 

2870 

2786 

81.80 

8804 

8912 

4085 

1897. 1 P 

42*6 

88*0 

82*0 

25*8 

21*7 

21*2 

18*8 

18 7 

18*8 

18*2 


On 11th September the value found for P at the 
ground was 150. The marked tendency shown in the 
table for P to diminish as the height increases is equally 
prominent in other observations by Lo Cadet. Thus on 
24th March 1897, at heights between 1680 and 2300 
metres, P varied from 32 to 28, while its mean value at 
the ground as deduced from the simultaneous records of 
the Lyons water-dropper was 99. Similar rosults were 
observed in Germany by Baschin, during an ascent on 
17th February 1 894. Using two “ water-dropjiors ” — with 
65 per cent, alcohol in the water — he found for P values 
qf 49, 28, and 13, answering to the heights of 760, 2400, 
and 2800 metres respectively. During the ascent the 
value of P at the ground varied from 98 to 181 at Pots- 
dam, and from 85 to 200 at Wolfeubiittel. In opposition 
to these results Tuma, during an ascent at Vienna in 
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1892, found P to increase as the height increased from , 
410 to 1900 metres; but several recent ascents {Met, 
Zeit, for 1899, p. 280, or Wien. Sitz,, March 1899) lead 
him to the same conclusion as Lo Cadet, viz., tlmt under 
normal conditions the potential gradient diminishes as the 
height increases. The possibility that a free balloon may 
carry off a charge as it leaves the earth has been discussed 
by Borustein {Met, Zeit,^ 1898, p. 65), who shows how 
such a charge could be measured if the balloon carriwl 
throe water-dropi)erh at different levels. Supposing how- 
ever a charge to exist initially, it would tend, as l^schin 
^Kiints out, to disappear when ballast was discharged. 
Ihima, from oxjieriiuonts made on several of his recent 
ascents, concluded that no charge existed on the balloon. 

§ 13. If V be the potential, p the density of free electricity at a 
|H>iut in the atmosphere, at a distance r from the earth’s centre, 
we have, neglecting variations of V in horizontal directions, 
r-*(rf/dr)(« V/rfr) -h 4irp - 0. 

Throughout the limited portion of the earth's atmosphere open 
to experiment, we may for ]uactical ]>ui*}>oseB treat r** as constant 
in this equation, end so Uke - (l/4irXrf/<ir)(dV/(/r). Thus p 
is positive if, as lyccnt experiments seem to show, the potential 
gradient, dXIdr, diminishes as we recede troin the earth. 

If er he the surface density oi the chaigo on the eaith, wo have 
<T=: - (ll4ir)(dV /dr) where dV/dr is the potential gradient close to 
the ground. As dV/dr is nonimlly positive, the iiilViciico is that 
normally the earth's surface has a uegati\e charge. 

If we take a tube of force 1 cm. cross-section, and BiqqiOBC it 
cut by the iMpiipotential surfaces at tlie heights /*i and h 2 above the 
ground, then under the conditions assumed above tlie total charge, 

M, included within the 8j»rcifie«l {lortioii of the tube is given by 

whore R is the earth's radius. 

Lo Cadet applies equivalent formulte to his balloon ascent of 
llth September 1897, assuming the |>otential gradient to bo 150 
(volt/inetro) at the ground, ana 18 '4 (volt/motre) at 4000 meties. 
8up|)Osing a volt equal to -0033 C.O.S. electrostatic units, the 
charge on the ground per sq. cm is - (150/100) x •0033-i-4ir, or op 
proximately - *000395 electrostatic unit (in coulombs - 13 x 10'“) 

The charge in the unit tube of force between the ground and tlio 
height of 4000 metres works out at + *00036 C.G.8. eleetiostatie 
unit, leaving only about + *000035 electrostatic units above this 
level. These figures give for the average tlcnsity of the chnige 
between the height ot 4 kilometres and tlie ground the value 
9xl0“‘® electrostatic units (3 x 10~^® coulombs). This is iii- 
Hignificant comiiared with the densi^ of the charges recently 
given to air by Kelvin, Maclean, and Galt (see § 17). Trahert 
{Afet. ZeiL, 1898, p. 401) makes a similar calculation in discussing 
the probability of the existence of vortical earth -air currents of the 
order 17 x 10''® amperes jier sip cm. The existeneo of such 
currents seems indicated by the researches of A. Scliiiiidt and 
others, who have concluded that a portion of the earth's magnetic 
field cannot l>e accounted for hy a Gaussian potential (see 
MAaNKTisM, Tkriiehi rial, § lil). Trahert takes 180 (volt/metre) 
as the most probable moan value of the |)otential gradient 
at the ground. Answering to 11ns, a calculation similar to Ijc 
C adet's makes the surface density - 1 1 x 10"'^ coulombs per sq. cm. 
Thus Schmidt’s hypothetical mean eurront would transmit in one 
second fully 150 times as much electricity as exists at the instant 
on the earth's surface. This would imply a rate of dissipation 
about one million tunes larger than tliat found by Linas and by 
Elster and Geitel in the absence of photo-electric action (see § 18). 

§ 14. Elster and Geitel have attempted to measure the 
charge brought down by rain falling into an insulated 
vessel, us well as the simultaneous })otential gradient in 
the atmosphere {Met, Zeit,, 1888, p. 95; Wien., Sitz, xeix. 
Abth. ii., 1890, p. 421 ; Terrestrial Magnetism^ March 
1899, p. 15). There are various serious diflicultios — 
splashing of rain-drops, influence of apparatus, surgings 
in the electrometer, <fec. — and though Elster and Geitel 
have done their best to surmount these, they seem some- 
what doubtful of their complete success. The conclusions 
indicated by the experiments are ; (1) raindrops almost 
invariably carry a charge ; the sign may be iwsitive or 
negative, and may change repeatedly in the course of a 
single rainstorm ; (2) the charge is more often than 
not opix>site in sign to the simultaneous value of the 
(lotential gradient near the ground. On 11th May 1892, 

S. I .— 98 
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' during a thunderstorm, the cliarge brought down by the 
rain, when greatest, was approximately at the rate of 
76 X 10"*^* coulombs j>er second per sq, cm. of earth^s 
surface. This was the maximum met with. In their 
{japcr in Terrestrial Magnetism^ Elster and Qoitel give 
graphical illustrations of their i*esults. 

§ 15. At most stations a negative potential gradient is 
exceptional, except during rain or fog. During rain it is 
a frequent but by no means invariable phenomenon, and 
it seldf)!!! persists long without a recurrenexs to (lositive. 
The alt(jrnatioiis of sign during heavy thunderstorm rain 
are often both frequent and sudden, and a similar pheno> 
menoii is not unusually observed during thick fog. In 
SOUK* local ities a negative potential gradient seems by no 
means uncommon, even on bright calm days. Thus 
Micliie Smith (ThU, Mag. vol. xx. 1885, p. 466) observed 
numerous instances of negative potential at Madras during 
bright days in August and September. The phenomenon 
was quite common between 9.30 a.m. and noon, during 
westerly winds, which at Madras are very dry and usually 
dusty. The jjresence of dust seemed to Michio Smith a 
contributory cause, but dust in easterly winds was not 
accompanied by negative potential. At the Finnish polar 
station Sodaiikyhi, in 1882*83, Lemstroin and Bieso 
found that out of 255 observed occurrences of negative 
])otcutial, 106 took ])lace in the absence oi rain or snow. 
The i»roportion of oi-currences of negative potential under 
a clwir sky was much above its average in autumn, and 
much below its average in spring and summer. In many 
<*ase8 Lemstrom and Biese observed no change of sign to 
follow on ram or snowfall. At Polhom, in Spitzbergen, 
Wijkander is reported to have observed negative j>otentials 
almost as often as positive ; but the potential gradients 
at Polhem seem to have been abnormally low. At the 
polar station Godthaiib, in 1882-83, negative jiotential 
seemed sometimes to bt? associated with aurora (Paulsen, 
Ihill. de VAcad. , . . de Daneimrkey 1894, p. 148). 

§ 1C. It has been fuuiid by Lcnard, EUter, atid Goitel and others, 
that tlio potential gradient is nogativo near a waterfall. The 
intliioiieo may extend to a considerable distance. Lonard ( IFied. 
Atm, xlvi. 18D2, p. 584), who has specially investigated tlie 
matter, concludes that when pure water falls upon water the atr 
111 the neiglibourhood becomes negatively charged ; tlie jircsunccor 
dust in the air is, he believes, unessential. The edect can bo pro- 
duced inside a closed space (Maclean and Goto, Mag, vol. \xx. 
1890, p. 148), but under such ciicinnstauoes the x>resenoe of dust 
seems to increase the elfect. A little impurity in the water markedly 
diminishes the charge, and may alter its sign. More recent 
experiiiients by Jvelvin, Maclean, and Galt (Phil. Trans, vol. exei, 
x\, p. 187) have shown that when air is charged by dropping 
water, as in Maclean and Ooto’s experiments, the cliarge is I'ou- 
siderably greater in the air near the level of impact of the falling 
water than in that at a higlier level. A sensible charge btill 
lemainod, however, wdien the influence of the splashing uas 
c lull mated. In the opinion of Kelvin, Maclean, and Galt, this 
j»roperty of falling W'atcr renders an ordinary water-dropper un- 
huitable for use indoors, at least in a small room, though it 
cmistitiitos no jjraetical objection to its use out of doors. Exner 
< (2) 1896, j). 467) observed an electrical action in the 

case of breaking sea-waves, noticing the spray to bo negatively 
electrified. 

§ 17. Electrification is generally admitted to exist in the atmo- 
sphere, but some authorities have held that it is carried by dust, 
or by ice and water ]uirticles forming clouds. Lord Kelvin’s view 
is that ordinary air, whether containing dust or not, can be elec- 
trified, either ])ositive1y or negatively. This conclusion is sup^rted 
by 6X|K}rinients l»y Kelvin and Maclean (Proc, Roy, Soc, vol. Ivi 
1894, p. 81 ; Phil. Mag, August 1894), and by more receit experi- 
ments by Kelvin, Maclean, and Galt {Phil, Trans, exoi^ A, p. 137). 
In the earlier cx^ieriments the electrification was O^easured by 
means of a water -dropfior. In the more reestti ones, for the 
reasons specified in § 16, other methods were tteployed, and by 
means of needle iroints attached to an electric machine a charge of 
density 37 x C.G.S. electrostatic units was given on one 
occasion to ordinary air, while a density as great as 22 x 10*^ 
units was attained by moans of an electrified hydrogen flame. 
After stopping the electric machine, the electrification gradually 
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I disappeared, but could be detected for many minutea In the 
earlier experiments little difference was observed between very 
dusty air and air as ductless os ^xissible. Negative electrififsation 
seemed to disappear, when the machine was stopped, more rapidly 
than positive. In the later experiments it was found twssiblo to 
give a small electrification to air in other wa\B, e.y., by shaking 
It up with water or solutions of various kinds, or blowing it in 
bubbles through water or aqueous solutions. 

fi 18. Linss {Met, ZsU, 1887, p. 352) found that an insulated 
paste -board cylinder, covered with tinfoil and charged either 
positively or negatively, lost its charge gradually when in the 
free atmosphere. The potential V existing alter dissipation 
during time t was connected with the original potential Vq by a 
formula of the tyi»e V = Voe“«‘, where q though constant on a 
liartioular occasion varied appreciably from day to day. The 
formula implies that the rate of fall of the potential varies as its 
existing value (oounting the earth's potential as zero). Linss’s 
experiments have been repeated by Elster and Geitel {Terrestrial 
Magnetimn^ vol. iv. 1899, p. 213). Their dissifiator consisted of 
a hollow cylinder of blackened copper, insensitive to any direc^ 
photo-electric efleot. When used out of doors, it was protected 
from rain, wind, and direct sunlight by an insulated hood. 
Regular daily observations wera mode for a long time, the lo8.<i 
(luring a given interval being measured for both positive aiid 
negative charges. In addition to numerous exfieriments at 
Wolfenbuttel, a considerable number weie made on the Brockrii 
and on the Alps, near Zermatt. Elster and Geitel denote the 
fraction of tlie charge lost i>er miuuto by £, distinguishing the 
sign of the charge by the addition of -(• or - . In the lowlands 
they found on the average E± =:1*3 jier cent. In other words, 
|)Ositive and negative charges were lo.st, on the whole, equally 
fast, and on the average a cliarge of 100 units lost 1*8 units in 
one minute. This result agrees pretty well with that obtained by 
Linss. Neither w'ind nor mist was found to possess much influence, 
and, somewhat contrary to extiectation, the most rapid loss of 
ohargo was observed on days when the air was sjfiecially clear and 
free from dust. In mountainous districts they found a change in 
the phenomena, as may be seen from the following typical results, 
obtained during the ascent of a |)eak near Zermatt : — 


Position. 

Height 
above 8«a. 

K(+). 

K(-). 

Zermatt valley 

On level ground . 

Near end of ridge . 

Peak, Goriier Giatz 

Metres. 

1620 

2600 

3000 

3140 

Per cent. 
4*5 

4*4 

2*7 

0*7 

Per cent. 

4.4 

6-8 

7*0 

6*6 


From the.se and similar observations Elster and Geitel conclude: 
(1) that normally in valleys high above the sea the rate of dissipa- 
tion is greater than near sea -level, whilst remaining iudcrietident 
of the sign of the charge ; (2) that on mountains, especially near 
peaks, a negative charge is lost much more tapidly than a positive 
( hargo. 

A diametrically opposite phenomenon was observed by them near 
watt'rlulls. For instance, near a fall at Zermatt they obtained 
16*2 i»er cent, for E( + ) as against 1 *9 2>er cent, for E( - ). 

They attribute the loss of charge to the existence of small 
positively and negatively charged masses in the atmosphere. In 
the lowlands or in mountain valleys the two species are equally 
numerous on the average, but positive masses largely predominate 
near mountain peaks and negative masses near waterfalls (cf. § 16). 

§ 19. It has long been a disputed question whether vapour 
from a charged liquid carries off part of the charge ; it is rather a 
vital point in some theories reH|)ectitig atmospheric electricity, 
such as that of Kxner. Various experimenters (e,g,, Blake, 
Mascart, Sohneke, Pcilat) have advened what they regarded as 
ciucial evidence in favour of one view or the other. The question 
is discussed by J. J. Thomson, in his Recent Researches in Rice- 
tricUy and Magnetiem^ p. 54, and Trabert has treated it more 
recently in the Met, ZeU, for 1899, p. 877. Several supjiorters of 
the view that the vapour carries oiff a charge, e.g.. Lord Kelvin 
{Proc, Roy, Soc, Slst May 1894, p. 84), have pointed out lhat if 
it be conceded that a drop of pure water can be charged and 
evaporated, the charge must bo carried off by something which is 
either aqueous vapour or is unknown to science. 

§ 20. In Exner’s theory of atmospheric electricity aqueous 
va{>our is the essential element. If, as neforo, P be the potential 
gradient in volts per metre, and ^ be the density of aq^ueous 
vapour present in the atmosphere, then, according to Exnen 
P:£A/(1 where A and k are ooustants. In its extreme form 
the theory would imply that the above formula applied with A 
and k absolute constants in the case of every reoora^ value of P 
on clear days. Elster and Geitel, however, in their applications 
of the formula, seem generally to regard P and q as answering to 
the mean values during a day^s observations. On other occasions 
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they haire attributed to A valueo differing from one series of ex- 
periments to another. Exner liimself ( Irien. Silz, xoix. Abth. ii. 
1891, jL 601) has applied his formula with A=1400 and 
to observations at Vienna, Wolfenbuttel, St Oilgen, and India. 
Arranging his observations in groups, each of which answers to a 
narrow range of vapour density, he compares the mean observed 
and calculated values of P for the several groups. The tendency 
for the mean P to be small when the mean g is largo is dooideil. 
Elstcr and Geitel (fTisn, SUz, oi. 1892, p. 703) applied £xuer*8 
formula to groups of observations made )iy them at Wolfenbuttel 
on quiet, comparatively clear days. They found a fair general 
agreement between the observed and calculated mean values of P 

1 A. 4 . 1 .- — A— AV _ 


previously by jsxuer mmseir. liidep 
ont critical examinations of fixuer’s theory have been made by 
Chree (J*roc, Jtoy, Soc. vol. lx. 1896, p. 96), Braun (review Met» 
ZeU. 1896, p. [78]), Trabert (Met, ZeU, 1897, p. 106), and Gockel 
{MU, ZeU, 1897, p. 281), dealing respectively with observations 
at Kew, Bamberg, Meiningeu, and Lodenburg. In each case the 
conclusion reached was that the relation between potential gradient 
and vapour densi^ is not a unir^ue and fundamental one, as 
Exner supposes. When observations taken at all seasons of the 
year are combined together, the great majority of instances of 
large vapour density (or of high tern|ieraturo) will be found to 
liave occurred in summer, when the iKiteiitial gradient is normally 
low ; thus there can liardly fail to be a certain amount of agree* 
ment between observation and any theory which associates low 
potential with high vapour density (or high temperature). 

§ 21. In 1887 Hertz {fVied. Ann, xxxi. p. 983) found that tlie 
discharge between two poles was facilitated by the presence of 
Uitrmm ultra-violet light. Subsequent experimenters (see J. J. 

W M Thomson’s BecerU Ritaearchce in Ekctricity^ arts. 39 to 

.. 42) found that the seat of this action was the cathode, 

//giir. further, that various metallic substances — notably 

freshly-polished zinc — when insulated became positively electrified, 
or rapidly lost a negative charge when e^iosed to ultra-violet 
light from any source, including the sun. This sjiocies of dissipa- 
tion is confined to negative charges, and dejiends principally on 
the material of the charged surface and the freshness of its polish ; 
blit it also depends on the nature of the surrounding gas and its 
pressure. The property, though prominent in potassium, sodium, 
and zinc, is inooiispicuous in most common materials at the earth’s 
siirfai^; Elsterana Geitel, however ( ITtcd. .<4 no. xliv. 1891, p 722), 
found sensible traces of it in fluorspar and a few other nuneials. 
The earliest recognition of ultra-violet light os a possibly important 
factor 111 atmospheric electricity, seems due to Arrhenius (MU, 
ZeiL 1888, pp. 297 and 348). Whilst mentioning the jjossiblc 
oiroot of ultra-violet liglit incident on the earth or on iiarticles in 
tiie atmosphere, he relies mainly on its making tlie air it travel ses 
conduct olectrolytioally. Elster and Qeitol, ou the other hand, 
Attach main if not exclusive iinportauoe to its action at the eartli\s 
surface. B'rom experiments with electric light they concluded that 
s, the rate of loss of a negative charge by a .small sphere of freslily 
amalgamated zinc, was connected with J, the intensity of ultra- 
violet light, by a linear relation + M (Wwn, Silz, ci. Abth. 
ii. 1892, p. 703). Having found a and b experimentally, they 
determined J from day to day from the observed rates of loss of 
charge in sunshine. They tried several fornuila* connecting J 
with the iiotential gradient P, the simplest being of the type 
V--A/(a^SJ)f where A, o, are constants. In coinf»anng ob- 
served and calculated values of P, they followed Exner ’s oxaiiiple, 
arranging the observations in groups according to the value of J. 
Whilst some of the series of oWrved and calculated mean grouji 
values show a surprisingly good agreement, individual observations 
within tlie same group often differ conspumously. More recently 
Brillouin and Buissou (reviewed MU, Zeit, 1898, p. 38) have 
found that dry ice is sensitive to ultra-violet light, the influence 
being of the order of one- tenth of that observed with zinc. As 
the ioo surface molts, the effect rapidly diminishes, becoming 
vanishingly small when a complete layer of water has formed. 
This discovery has been questionetl by Benndorf. If confirmed, 
it would increase the probability that ultra-violet light plays an 
important part in atmospheric eleotricity. 

§ 22. ^cently, owing mainly to the researches of C T. R. 
Wilson, evidence has accumulated as to the existence in atmo- 
spheric air of nuolei — other than dust j>articlefl — which act ^ 
•centres of condensation for water vapour, when supersaturation is 
produced artificially. Wilson found that ions acting os niiclri 
can be called into existence by Rontgon rays, Uranium rays, and 
ultra-violet light acting on negatively charged zinc or even on 
ma»t wr. J. J. Thomson Jfag. Deo. 1898, p. 633) points 

out that if the positive and negative ions should differ in their 
power of condensing water vapour, then a cloud might form round 
the one set of ions, and that as the cloud particles fell 
gravity, electrical separation would take place. Wilson (Pntf. 
Trana. cxoiii. p. 289) has found that ions produced by Rontgen 


rays do really show this difference, negative ions serving as con- 
densation nuclei under considerably loss supersaturution than 
positive ions. He found, however, that the non-dust nuclei, 
always present in small numbers in tlie atmosphere, and the 
nuolei produced in moist air by ultra-violet light do not beliave as 
fiee ions ; and whilst there is considerable reason to behove that 
ionization develops in those nuclei m the process of sujiorbatura- 
tion this remains to bo proved. Supposing ions to act as con- 
densation nuclei in the atmosphere, Wilson’s experiments seem 
to iniiicate that tins action would be ebiefly limited to negative 
ions, and that the ram so formed would mainly carry down negative 
electricity. As he himselt remarks, however, Elster and Gcitid’s 
experiments (tl 14) do not show any conspicuous prejamderance 
of negative eleetneity in rainfall. Again, the supei-saturation 
required before even negative ions act as condensation nuclei is 
considerable, and Aitken (Nature^ March 1900, p. 514) believe-s 
that the number of dust particles usually present in the atmo- 
^ihero IS so largo as to ailord little opportunity for ions to act. 
Elster and Geitel on the otlier liaiid ( Terrestrial Maymtunny vol. iv. 
1899, p. 21.3) legard the action of ions, positive as well as negative, 
os in all probability a factor of iiiiportanco. 

§ 23. Everett (rhil, 'Tram, 1868, p. 347), in discussing the 
Kew atmospheric electricity results, specified certain points of 
resemblance between tlie diurnal variation and that of biirtnucti ic 
pressure. The two elements agree m having two maxima and 
minima in their diurnal inequaliiies, and the times ol then 
oceurrence, at least at Kow, urc f.iiily similar. Ilaim {Met. ZeU. 
1889, p. 106; 1890, p. 29; 1891, p 113) has dwelt on this re- 
semblance in reviewing atmospheric electricity obM-ivations at 
various stations, and has further pointed out that Hjc relative ini- 
fiortaiice of the semi-diurnal as compared with theiliiiinui term in a 
Fourier analysis, in the case of electric potential as iii that ot baro- 
metric pressure, appears less in arctic than in tcm}>eiaie latitudes, 
and IS gi'catest in tropical stations. 

8 24 In the papers mentioned in §20, Chreo, Biaun, Trahcrt, 
and Gockel all describe a closer association of high ))oliiitial 
gradient with low tom>>erature than with low va])our density. 
Tiab‘^*rt seems almost disposed to regard this association as iunda- 
mental, in the absence presumably of disturbing causes such as 
rainfall. If this were the cose, we ought to encounter exceptionally 
high potential gradients at arctic stations, especially at night in 
winter. At Capo Thorsden, however, so far m the rceordecr posi- 
tion of the water-dropj>er enables one to judge, the |K>tential 

f radient was exceptionally low. At SodankyU, Lemstioiri ami 
hese found that the mean potential gradient for the colder half of 
the day was considerably less than that for the wanner half during 
winter and spring, and that for the year as a whole, the mean 
gradient during the warmer hours stood to that during the cold* r 
hours 111 the ratio 823 : 735. Again, while the eliicf maxinmni in 
the diurnal inequality of the potential gradimt usually ocenis after 
sunset, the principal minimum at many stations occurs befoie him 
rise, when the tcmperatiiro is at its lowest. Fiiiallv, whilst the 
diurnal inequality of the ]>otential gradient iihually shows two 
maxima and minima, that of tcnifieraiiire ha.s noimally but one 
§26, Observations by Ehster and (ieitel on 19th August 1887, 
and by Ludwig on 22iid January 1898 {Met /.Lit. 1888, p 27, and 
1899, p. 281), agreed in showing a diminution of iK>ttntial gi'adieiit 
during the totality of a solar ochpso, followeil by a sinart use after 
totality. These ohservation.s pos.sos8 a certain Ripnficanec in con- 
nexion with the ultra-violet liglit theory of Arrhenius, to whicli 
they seem opjiosetl. Sudden changes of potential gradient itre, 
liowcver, so frequent, that mucli weight cannot he assigned to 
observations so limited in number. OlKservations under somewhat 
analogous conditions, hut ]>oinling to an opposite conclusion, are 
desci ihcd by Gockel {Met, Zed 1 899, j). 481 ). During several days’ 
observations in a small oasis, El Mora near Biscra, he found a 
marked tendency in the potential gradient to use rapidly just after 

sunset. , 

§ 26. Lemstrom {Brit. Assoc, R^ort for 1898, p. 808) has been 
experimenting since 1886 on the influence of artificial electric fields 
or currents on the grow’th of plants. ’I'ho influence is, he says, 
in general highly beneficial ; for instance, it shortens the time 
required by strawberries and raspberries to rqien, and increases the 
yield. It may, however, be injurious, estvecially during bright 
days, unless aliundance of water is provided. Lcinstrom believes 
atmospheric electricity to play an important part in the growth of 
vegetation in high latitudes, and he assigns a special rdle to the 
noodle- of fir and pine trees. E. H. Cook (Brit, Assoc, Report 
for 1898, p. 809) de^ribos experiments somewhat similar to 
Lerastrom’s. Ho observed a beneficial effect on plaiite grown 
under a pole— e8]iccially the negative pole-— ot* a Wimshurst 
machine or an induction coil. Cook refers to experiments aiming 
at the direct utilization of atmospheric electricity. 

§ 27. The beginning and ending of thunderstorms at a 
station arc seldom very clearly defined, and the duration 
is very variable, so that the exact significance to be at- 
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tached to figures sLoiving the diurnal inequality of 
thunderstorms is open to a little uncertainty. The data 
in Tables VIII. and IX. are all quoted by 
Thuad^r- Arrhenius {Met, Zeit, 1888, p. 348), except those 
m ormm. Edinburgh, which are from a paper by Moss- 

man (Trans, R, S, E, vol. xxxix. p. 63). The data for 
Jielgimn arc due to Lancaster, those for Italy to Ferrari ; 
in the latter cuise only storms lasting less than three hours 
are included. The data for the Russian empire are due to 
KlosHousky ; they are based on ten years* observations, 
1870-79. In all cases the figures represent percentages of 
the total number, afternoon hours are dashed. 

Table VIII. 

Relative Diurnal frequency of Thunderstorms, 


Table XL 
Total deaths hy Lightninq* 
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M ... 
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England and Wales 

10 

46 

127 

114 

98 

30 

23 

448 

(24 years) 

United States 

116 

337 

641 

683 

484 

163 

82 

2496 

(8 years) 










I Interval. 

0— ‘iV 4 

1—0 

0-8 

8—10 

10—12 

O'— ‘/I 

i2'-4' 

4'— 0' 

O'— 8' 

8'— lO* 

lo'-isr 

KdiiibnrKli 

1-7 i 2-0 

1*4 

1-7 

4*7 

14*8 

22*4 

23*7 

11*9 

9*2 

61 

2*0 


8*0 2*9 

1*7 

1 « 

20 

6*4 

12*9 

21*0 

19*4 

15*8 

8*4 

4*1 

1 luiy 

1*8 1 1’O 

1*4 

2-0 

8-0 

8-6 

19*6 I 

1 20*5 

10*0 

9*8 

88 

1*5 


Table IX. 

Relative IHumal frequency of Thunderstorms, 


Interval. 

0-3 

8—0 

0—9 

9—12 

O'— 8' 

8'— 6 

O' - 9' 

9'— 12' 

North UusHia 


1*9 

3*8 

11*8 

28*3 

22*6 

24 5 

7-6 

IJaltic Provinces, 

3*3 

2*6 

4 1 

14*1 

as -8 

29*6 

14*9 

8*3 

Kiiiluiid 









West Russia 

8*1 

4*6 

8*4 

6*1 

21*0 

29*9 

21*8 

10*1 

Oeiitral ,, 

3*1 

3*1 

8*3 

8 7 

26*6 

27*6 

20*8 

6*9 

Ural . 

i 3*0 

2*6 

2*2 

8*3 

24*2 

28*7 

20*0 

9*8 

.Sibcila 

27 

3*0 

2*6 

9*2 

25*1 

28*6 

18*3 

10*5 

Caucasus . 

4*5 

1*2 

0*9 

4 1 

14*6 

31*8 

28*8 

14 6 

South Hussla 

1 6-6 

4*9 

11*6 

12*9 

25*8 

16*6 

117 

11*0 


I3-5 

3*0 

3*1 

8*6 

23*6 1 

1 28*3 

20*4 

9*6 1 


§ 28. Table X. shows how the numbtir of thunderstorms 
varies througliout the year. The figures are percentages 
of the b)tal numlx'r re(*orded. The epoclis covered and 
tht» sources of the figures arc as follows : Edinburgh, 
1770-1896, Mossman (Trans. H. S. E. vol. xxxix. ]). 63); 

Table X. 

RclaJtiw Jrequeiu'y oj Thunderstorvis throughout the Year, 


ICdiiilmigli 
Ijondoii 
J'aris . 
Hungary 
Batavia 

Wv8t Sdierin | 
Nurtl) Uuasia ' 
South 
Italy 


April. 1 May. 

June. 

July. 

Aug. 

Sopt. 

Oct. 

Nov. 

Pec, 

Jon. 

Fob. 

Mar. 

, 8*8 

12*0 

20 8 

28 6 

18*8 

7*2 

22 

0*9 

09 

1*8 

1*2 

1*8 

1 0*0 

12*7 

18*8 

25 6 

19*2 

93 

S 1 

1 7 

09 

00 

0*5 

1*0 

7*5 

14 9 

21*0 

2J*0 

17*0 

9 9 

8*6 

04 

04 

0*2 

0*4 

2*8 

5*7 

10*2 

25*8 

23 8 

17*0 

0*9 

2 4 

0*0 

0 8 

0*1 

0*4 

18 

10*5 

7*9 

5 5 

4*8 

8*6 

5*4 

88 

12*2 

10*9 

10*4 

9*2 

11*1 

1 0*8 

11*5 

28*0 

80 4 

20*1 

80 



0*2 



' 0*7 

7 

27 0 

82 2 

24*4 

5*5 



2 1 



SB 

14*2 

27*8 

20*4 

15 2 

8*8 



58 



7*4 

7*2 

19*1 

17*2 

lO-o 

14*0 



18 2 




London, 1763-1896, Mossman (Quarterly JoumaJl of R. 
Met. Sory, vol. xxiv. 1898, p. 31); Paris (Parc St Maur), 
1873-93, Renou (Met. Zeit. 1894, p. 277); Hungary, 
mean fnmi numerous stations, 1871-95, H^jas (Met, Zeit, 
1899, p. 219) ; Batavia, 1867-95 (Mag, and Met, Observa- 
tiom^ vol. xviii. 1895); Russian provinces, 1870-79, and 
Italy (1882-83) from Arrhenius (Met, Zeit. 1888, p. 348). 
Ill the last-mentioned cases the data for winter are lumped 
together, so for convenience the year starts with ApriL 
Alongside this last table it is instructive to place the 
following particulars as to the number of persons killed 
by lightning in different months in England and Wales 
during the twenty-four years 1867-80 (R. Lawson, Quart, 
Jimrnal R, Met, Soc, vol. xv. 1889, p. 140), with corre- 
sponding data in the United States during the eight years 
1891-98 (Henry, Dull, No. 26, U.S. Dept, of Agriculture, 
1 899). The six winter months October-March are grouped 
together. 


§ 29. If we compare Tables VIII., IX., and X., with 
Tables I., II., and IIL, we see that to a certain 
extent high thunderstorm frequency and low 
potential gradient vary in |)arallel lines. Thus,, 
thunderstorm frequency and intensity are greatest 
abr>ut midsummer, when potential gradient is least, 
and there is at most stations a minimum of potential 
gradient in the afternoon at about the same hour as 
the thunderstorm maximum. The connexion is^ 
however, far from close. Thus we have the thunderstorm 
minimum occurring alongside of the early morning poten- 
tial gradient minimum; and the diurnal and annual 
variations in thunderstonns appear much more accentuated 
than the corresponding variations in potential gradient. 

§ 30. When we consider the infineuce of geographical position, 
we also find thunderstorm frequency more variable than potential 
gradient, at least so far as is at present known. If wo accept 
Exner'a observations of tx>tontial as representative, the mean 
potential gradient does inaecd diminish as we pass from temperate 
to tropical climates, but wo do not encounter such notable dis- 
crepancio.s as are presented in Tabic XII. The data are from the- 
sources already mentioned. 

Table XII. 

Average Number of Thunderstonns in a Year, 

Edinburgh, Ixindon, Paris, Batavia, 

1770-1890. 17084896 1878-98. 1867-05. 

6-4 10*7 27-8 120 

It must be allowed that the drawing of safe conclusions fiont 
thunderstorm data is particularly difiicult, owin^ to the differences- 
between the reconls from stations in the same latitude. Instructive 
illustrations are afforded in Plate I. of tlie memoir by A. J. Henry, 
on United States thunderstorms mentioned above. 
In some parts of the Pacific states the average 
annual number is put at from 1 to 5, as against 30 to 
4fi in some of the central and south-eastern states. 
Even in some quite small areas, especially islands or 
coast districts containing high mountains, the differ- 
ences in thunderstorm frequency are great. There 
is the further consideration that a groat deal may 
depend on the observer. 

9 31. Other thunderstorm data are more independ- 
ent of the imagination, but all seem attends by 
sources of uncertainty. An illustration is afforded by 
the following statistics from the paper by Lawson 
already mentioned, mving the average number of 
IMsrsons killed annually per ton million inhabitaiitB 
ill various districts of England and Wales. The original treats 
80 |>arat 6 ly the epochs 1862-61, and three following decades. 
Table XI I L gives only the final means. The letter M denotea 
"midland** ; N, north ; 8, south, &o. 

Table XIII. 

Persons killed annually per Ten Million Inhabitants. 

London. B.B. 8.M. BL S.W. W.M. N.H. N.W. York. N. Wales; 

1-8 8-0 12*3 12-7 6-6 10*7 18 0 6*6 11*4 10-4 9*1 

The north • midland district (Leicester, Rutland, Lincoln. 
Nottingham, and Derby) showed the laigest proportion of persons 
killed during each de^e, and London (metropolitan area) the 
least. From what is known otherwise, there can hardly be any 
doubt that one would be seriously in error if one supposed tha 
figure in Table XIII. to be an exact measure of relative thunder- 
storm intensity. The figures are largely influenced by the fact 
that pewons employed indoors have much less chance of being 
stnick by lightning than those out of doors. As emphasixing this, 
fact, Lawson mentions that between 1852 and 1880, only 104 
females were killed by lightning, as against 442 males. 

S 32. Table XIV. gives the mean annual number of thunder-^ 
storms recorded per decade at Edinburgh, London, and Tilsit. 
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*lre«ly mentfoned. tho«> for TUeit a»> due to K*..ner (*4 Met. ZeU. peroentege. of tZmX numi*r for the yei?^ 
for 1894| p* 237)* ^ 

• TAB1.K XIV. Tabik XVI. 

Mean Anm/ol Number of ThunderOorms. BOalivefreiiumey of Aurorae throughout the Year. 







Edinburgh . 4*0 4*9 57 77 67 67 6-5 
London . 7*9 9-6 8-3 11*6 11*8 10-5 11*9 
Tilsit 127 12*1 161 16'3 


Mossman expresses tho opinion that the apparent recent increase 
in the frequency of thunderstorms at Edinburgh and Ixindon is, to 
Bome extent at least, a true phenomenon. Uniiuesiionably the 
two sets of ftgures show corroborative features — notably the fall in 
the decade 1861 to 1870 — but it is difficult to feel coitain that 
the notable extension in the limits of both cities may not have 
exorcised an influeuce. The diminished intensity in the decade 
1861-70 is, it may bo added, in accord with Lawson's vital 
statistics. In Germany various authorities believe in a great 
recent increase in thunderstorms. Yon Bezold {Berlin, SUz, 1899, 
No. 16) has given a table showing the iiumW per inillloti of 
insured houses struck in Bavaria for each year from 1833 to 1897. 
Prior to 1868, the number struck in one year never exceeded 78 
per million ; between 1868 and 1883 it exceeded 100 per million 
in five, but only five, years ; since 1884 it has only once been less 
than 100 per million, and it exceeded 200 per million in 1895, 
1896, and 1897. Kassner (reviewed Met, ZeU, 1890, p. 385), deal- 
ing with similar insurance statistics for Central Germany, concluded 
that during the twenty-six years 1864 to 1889, destructive lightning 
strokes haa inoreasoa 126 jwr cent, as against an increase of only 
11 per cent, in houses. Von Bezold seems to accept a large 
increase in thunderstorm intensity in Germany os an undoubted 
fact, and ho is disposed to associate it with the great increase in 
smoky factory chimneys, and in the number of wires and rails all 
over the country. It is possible, of course, that changes in tho | 
ordinaiy height or construction of buildings, or inflnciices which 
only an insurance expert could assess, may nave had an eflect 
§ 33. Table XV. mves data based on tho number of trees of 
different species struck by lightning during a series of recent years 
in tho forests of Lippe, in Germany, as quoted by Henry 


Tablk XV. 


Ash. I Birc'h. 


N.K Scot-I 
luiui (rj2 j 
yours) j 

T/ondon 
(ISD years). 

Norway 
iimi v»6). 

Unttod 
States 
(1871 93). 

10*9 ' 

8*6 

11-5 

6*3 

127 

10 5 

15*2 

9*2 

12-0 

10*2 

15-4 

8*8 

7*1 

107 

4*1 

10*9 

2 -2 

4 0 ' 

0-3 

8*0 

0-0 I 

1*1 

0-0 

67 

0*4 

1*9 

0*0 

77 

4*4 

5*6 

0*8 

7*6 

12-9 

14*5 

9*6 

10*9 

16*8 

16*9 

16*2 

10*3 

12*0 

9*6 

15*0 

7*8 

9*6 

6*4 

11*9 

5 8 


Fix>m irra. 
to SO* H 


January 

February . 

March 

April 

May 

June 

July 

August 

September 

October . 

November 

December . 


Table XVI. is in general agreement witli the statement in the 
Ency, BrU, that auroras are most frequent near the equinoxes. In 
comparing winter and summer data, especially in high latitudes it 
must be rememliered that faint auioras are invisible in txMlight. 

§ 36, Table XVII. may bo reganled as a continuation of one in 
the Eney, Brit, vol. xvi. p. 178. It gives Wolfs relative siin-8|>ot 
numbers alongside of numbers proportional to tin tiequency of 
auroras. In the case of Edinburgh the figures are the tn tual nnm- 
bor of auroras as given by Mossman {l.e, ), Tho other data ai-e from 
a paper by Ekliolm ana Arrhenius (AT. Svemka Vet.’Akad, Hand. 
Bd. 31, No. 3, 1898). 

Table XVII. 

Unn-spGt and A uroral Frequency. 




In calculating the liability, allowance is made for the relative 
numbers of the different species. Tho dilfcreut years am treated 
separately, the liability of beech to be struck being taken as unity 
throughout. Prohaska (see Met, Zeil. 1899, p. 128) gives some- 
what analogous data for Styria. lie concludes that oaks, poplar^ 
s.Ad pear trees are especially liable to be struck, while l^ech is 
exceptionally safe. Jonesoo (see Henry, /.c.) has concluded from 
•ex])enments that fresh wood, rich in starch, but poor in fatty 
material, possesses tho greatest eleetrioal conductivity, and that 
tho conductivity in some species of living trees vanes a good deal 
with the season of tho year. Ho believes that the liability' to 
be struck by lightning is greater tho higher the conductivity. 
Allowance must, however, be made for the fact that dilTerent 
species of trees attain different heights, and that one species may 
be common in marshy, another on rocky ground. According to 
Heilman (quoted by Heniy), the liability to lightning stroke on 
different soils in Germany may lie put at : chalk 1, clay 7, sand 9, 
loam 22. Differences of this kind might influenco the apparent 
liability of different species of trees to bo struck. 

§ 34. Luminous discharges from pointed objects are not in- 
frequent in mountainous districts, especially during thunderstorms. 
On the Sonnblick, where the phenomenon is of freaueiit occurrence, 
•St Elmo’s fire has been found to answer to a discharge sometimes 
of positive, sometimes of negative electricity (Elster and Geitel, 
Met, ZeU, 1891, p. 321, and 1894, p. [68]). The colour and appear- 
ance of the light differ in the two cases, rod predominating in a 
f^sitive, blue in a negative discharge. Stade {Met, Zeit. 1898, p. 
238) also describes the appearance of St Elmo's fire of different signs, 
as observed on the Brocken. 

§ 35. A description of the more prominent features of aurora 
'yill bo found in the Eney. BrU. vol. xvi. pp. 177, 178, 183. Table 
Aannu. contains some statistics more recently published 

as to the relative frequency of auroras in different 
months of the year. The data for Scotland and Ijondon are 
from papers by Mossman (see Met. ZeU. 1898, p. 307), the rest are 
quoted oy Ekholm and Arrhenius {Kongl, Svenska VetevUeapS” 


Yeai 

Wolfs 

Auroral Vreciuency ' 

Numlsr 

Edinburgh. 

N. America. } 
1 

H»"to.’l'»*S j 

1869 

73*9 ' 

5 

1 

1 

3 

1870 

139*1 

1 10 

1 

1 123 

1871 

111*2 

1 

408 

1 60 

1872 

1017 

i ^ 

56.5 ' 

10.5 

1873 

66*3 ' 

' 12 

781 1 

1 8 

1874 

44*6 

1 10 

1443 

1 

1876 

17-1 

4 

711 

1 6 

1876 

11*8 

! 0 

676 

' 2 

1877 

12-3 

2 

877 

t 1 

1878 

3*4 

1 

2.58 

0 

1879 

60 

0 

40.5 

1 J 

1880 

32-3 

12 

046 

5 , 

1881 

51*3 

2 

804 

17 1 

1882 

69*6 

5 

800 

Kis ; 

1883 

637 

2 

686 

28 

1884 

63*5 

3 

533 

0 

1885 

52 2 

.5 

728 

2 

1880 

2.5 4 

6 

1 974 

8 

1887 

13-1 

0 

• 610 

3 

1888 

6 ’8 

1 

! 759 

I ^ 

1889 

0*3 

0 

, 336 

1 1 

1890 

7*1 

0 

! 3.58 

1 

1891 

35*6 i 

7 

1 782 

1 

1892 

1 73*8 

9 

614 

1 48 

1893 

81*9 

1 2 

1067 

1 9 

1894 

78-0 

I 8 

• • 

12 


§ 37. Dining tho polar year, September 1882 to Septeinhor 1883, 
numerous aurora observations were made at many of tho stations. 
Those at the Finnish station, Sodankylo, have been discussed by 
Lerostrom and Biese {Exped. Polaire Ftnlavtiaise^ t. iii., Helsing- 
fors, 1898). In addition to the more usual phenomena the Finnish 
observers noticed a variety of others. On a good many occasions, 
in the absence of ordinary aurora, they saw a yellowish-wliite 
illumination, showing in the s|iectroscope the characteristic auroral 
lino (wave-length 6.569 x 10"’ mm., according to Lemstrom). On 
some occasions, in the absence of any phenomenon visible to the 
unaided eye, Lemstrom saw the auroral line wherever he turned 
the spectroscope. Tho most outstanding phenomena, however, 
described by Iiemstrom and Biese are artifioially^iroilucod lumin- 
osities, in tho shape usually of flames, but occasionally resembling 
auroral rays. The auroral line was usually detected, but was 
feeble. The apparatus consisted of a numl>er of sharp point** con- 
nected by wires carried on insulators, the whole enclosing an area 
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iieries of hills near Bodankyla. Sometimes a Holtz maohine was 
introduced into the wire circuit, and when worked it enhanced 
the elTeet, or even rendered it visible when previously unseen. 
Coloured illustrations represent the artidciaf phenomenon on 
several occasions as very prominent, and extending to a consider* 
able height. 

§ 88. At the Danish |)olar station, Qodthaab, Paulsen saw on 
several occasions amoral sheets, which seemed to be suspended 
vertically like curtaius and to sweep past with great velocity, 
travelling from magnetic south. At Paulsen’s suggestion, Lieut. 
Yedcl of the Ryder Arctic Expedition, 1891, 1892, kept a lookout for 
this tdionoinenon, and was able on a variety of occasions to observe 
the declination magnet during its occurrence. According to those 
observations — made on an island in Scoresby Sound, 70'’ 27' N. lat. 
— the needle moved to the west as the auroral curtain approached 
from the south, oscillated as the curtain passed overhead, and then 
moved to tlie east as the curtain receded towards the north (Paul* 
son, Bull, de V Acad. Hoy. ...de Danemarkf 1894, p. 148). Paulsen 
bolievos the phenomenon to imply the existence of an electric 
cut rent directed downwards m the space occupied, or seemingly 
occupied, hy the auroral curtain. 

§ Niimerons attempts have been made to detcnnlno the 
heiglit ot auroral displays. Simultaneous theodolite observations 
have frequently been made from two stations at a 
considerable distance apart. The calculated heights 
in mean latitudes have often exceeded lOOkiloineires. 
At Oodthaal) the calculations of the Danish observers often put 
auroral arcs at heights under 10 kilometres, and occasionally under 
2. From the observations at Sodaiikyla, Lemstrom thought it 
doubtful whether tlio objects seen from the two ends of the base 
were really the same. The question has been treated with great 
fulness of detail hy Cleveland Abbo {Terreatrwf Magnetism^ vol. 
ill., 1898, pp. 5, 53, and 149) ; ho seems disposed to doubt whether 
wliat the observer sees as aurora has an independent objective 
existence. 

§ 40. The subject of lunar influence has boon treated by Ekholm 
and Arrhenius in several paiiers dealing witli a great mass of 
observations, and containing many useful referenoes (K. Siyen. Vet- 
Akctd. Hand., Hd. 19, No. 8 ; Bd. 20, No. 6 ; Bd. 81, No. 2). In 
the case alike of electric jKitential, thunderstorms, and auroras, they 
find a conspicuous tropical lunar period, 27%32 days. They con* 
elude, howevet, that the synodic lunar jieriod, 29*53 days, found 


Heijrht of 
Muroraa, 


by Fritz in auroras is not real, arising simply from the fact that 
moonlittht affects the visibility of auroras. An investigation by 
Polls (Met. Zeil,, 1894, p. 280) seems to indicate a synodic lunar 
period in thunderstorms at Aachen. Investigations into tlftinder* 
storm data at Paris by Renou {Comples Jiendtis, cxviii. p. 140), and 
into similar data at Batavia {Batavia Obaervatums, vol. xviii. 1895) on 
the other hand, would indicate that if a lunar influence exists it is 
small. Ekholm and Arrhenius (AT. Sven. Vet. •Akad. Hand., Bd. 81, 
No. 8) have also examined into the existence of a period of approxi* 
matcly twenty -six days. They decide in favour of the existence of 
such a period, not merely for thunderstorms and auroras, but also 
for magpetio storms and for the amplitude of diurnal variation of 
magnetic elements. The most probable value for the period is, 
tliev find, 25*929 days. The methods and conclusions ot Ekholm 
and Arrhenius have been critically discussed by Schuster in 
several pa^rs with somewhat unfavourable results. (See Mag- 
netism, TKRRESTltlAL, § 14). 

Autuoritibr. — Loud Kelvin (Sir W. Thomson). Papers on 
Electrostatics and Magruium. — Georges le Cadet. Etude 
du champ ilectrique de VAtmosph^e. Paris, Lyon, 1898. 
— McAdir and Henry. ** Lightning and the Electricity of 
the Air,’* Bulletin No. 26, U.S. Department of AOTioulturc, 
Weather Bureau. Washington, 1899. — Publications of Observa- 
tories running Wator-droppors, e.g,, Greenwich, Magnetiead and 
Mtdeorological Observations ; Batavia, Ohservationa made at the 
MagnetUal and Meteorological Observatory at Batavia (especially 
vol. xviii., for 1895) ; Lisbon, Annaes do Observatorio do Ii\fanie 
IK huiz . — Publications descriptive of Observations of Aurora i^t 
Stations of International Polar Year 1882*83 (Fort Rae, Godthnab 
&c. ), more especially the two following, descriptive also of obser- 
vations of ]>otentiar gradient : Observations faites au Cap Thors-- 
den Spitzbrrg, tome ii. Stockholm, 1887. Expedition Polaire 
Finlandaisc (1882*84), tome iii. Helsingfors, 1898. The following, 
amongst somewhat numerous, histoncal reviews of our knowledge 
of atmospheiie electricity, must also be noted: — Kxner. Wien. 
Sitzungsocrichte, xciii. (Abth. ii.), 1886, p. 222. — Akrheniuh. 
Met. Beitsehrifk, 1888, p. 297 anti p. 848. — Elstkii and Oeitel. 
Met. Zeitsehrift, 1890, p. 252, and Bull. No. 11, U.S. Weather 
Bureau, partii, p. 510. Washington, 1895. — Schuster. Nature, 
vol. liii., 1896, p. 207. — Traukrt. Met. Zeitachri/t^ 1898, p. 401.. 
— Exner. Met. Zcitschrift, 1900, p. 529. fo, 


Atrak, a river rising in tlie Persian province of 
Horassan, enters the S.E. corner of the Caspian Sen., after 
a course of nearly .300 miles, lii its lower course it forms 
the frontier between Persia and Russia. 

AttloborOUgfhi a town of Bristol county in 
south-eastern Massachusetts, I'.S.A. It lias an area of 
28 square miles, with a rolling surfuct^ and contains a 
large rural jiopulation, with a village of con.siderable size, 
bearing the samt! name as the town. This has nianufac- 
tiires of a varied character, largely jtjwellery. It is on 
the New York, New Haven, and Hartford railway. It 
was incorporated in 1694, Population (1890), 7577 ; 
(1900), 11,335. 

Attock, a town and fortress of British India, on the 
Indus, in the Rawal Pindi district of the Punjab, 47 
miles by rail from Peshawar. In 1883 an iron girder 
bridge of five spans was opened, which carries the North- 
western railway to Peshawar, and which also has a sub- 
way for wheeled traffic and foot passengers. The military 
importance of Attock has diminished, but it still has a 
garrison of artillery and infantry. St, Peter’s Church is 
a fine building. Po}>ulatioii, about 3000. 

Atui. See Cook Islands. 

Aub^ a department in the E. of France, watered 
by the Seine and its tributary the Aube. 

Area, 2327 scpiiire miles, with 26 cantons and 446 communes. 
The population decreased from 257,374 in 1886 to 251,435 in 1896 
and 245,696 m 1901. The chief towns aie Troyes (52,000 in- 
habitants in 1896), Bar-snr*Auhe, Bur-sur-Scine, Nogent, Arcis, 
and Romilly. Births (1899), 4547, o! which 463 were illegitimate ; 
deaths, 5641 ; marriage.s, 169.3. In 1896 there were 696 schools. 


with 32,000 pupils. One per cent, of the { oiiulatiou was illiterate. 
The land under cultivation comprised 1,383,200 acres, of which 
918,840 acres were j)1ough*laiid, and 41,990 acres in vines. The 
wheat crop in 1899 yielded a value of £1,100,281. Rye, barley, oats, 
and mangold 'Wurzel also contribute to the agricultural wealth of 
the department. The production of vines in 1 899 amounted to the 
value of £300,000. In 1809 the live stock numbered 31,220 horses 
and 88,790 cattle. As it lacks both coal and iron, the department 
does little in the way of working metals, ]>roducing only cast-iron 
and steel to the value in 1898 of £60,000 ; but the textile industry 
has assumed largo proportions around Troyes, where the cotton 
manufacture employs 24,000 looms and 70,000 spindles. 

Aubervilllors-Ies-V0rtusp a French villago 
in the arrondiRsement of St Denis, department of Seine, 
on the canal St Denis, 2 miles from right bank of Seine 
and 1 mile N. of the fortifications of Paris. Near it is a 
fort of the 2nd line. Manufactures include chemicals, 
glue, cardboard, printing ink, and glass, and there are 
iron-works. Population (1881), 19,340; (1891), 24,757 ; 
(1896), 27,064; (1901), 31,215. 

Allburflp capital of Androscoggin county, Maine, 
U.S.A., situated on the Androscoggin river, which fur- 
nishes abundant water-power. It has communication by 
three railways, the Maine Central, the Grand Trunk, 
and the Portland and Rumford Falls. Its manufacturer 
consist mainly of cotton goods and boots and shoes. 
Population (1880), 9555 ; (1890), 11,250; (1900), 12,951. 

Allburnp capital of Cayuga county, New York, 
U.S.A., situated in 42" 55' N, lat. and 70" 35' W. longi^ 
at the outlet of Owasco lake, at an altitude of 673 feet. 
Though the site is hilly its plan is regular. The city is 
divided into ten wards, has a good water-supply pumped 
from the lake, and most of its streets are roacadamizi^d. 
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Its manufactures are extensive, in 1890 having a value 
of more than $9,000,000, and consist largely of agri- 
cultiyal implements and boots and shoes. The city is 
traversed by the New York Central and Hudson Bivcr 
and the Lehigh Valley railways. It was the home of 
William H. ^ward, secretary of state during the Civil 
War and the period of reconstruction. Population (1880), 
21,924 ; (1890), 26,858 ; (1900), 30,345. 

Auehy chief town of department Gers, France, 426 
miles S.S.W. of Paris, on railway from Agen to Toulouse. 
There are a civil and military hospital and a large asylum. 
Important articles of commerce are wine, corn, and wool ; 
poultry are extensively exported, and its pS,tc8-de-foie (of 
duck) are esteemed; marble and spar are worked. 
Population (1881), 9560; (1891), 9273; (1896), 9313; 
(1901), 13,939. 

Aliekla.lld| an important seaport, on the southern 
shore of Waitemata harbour, Eden county, in the province 
of Auckland, North Island, New Zealand. It is the 
largest and most beautiful town in Now Zealand. Its 
public library and art gallery owe much to the generosity 
of Sir George Grey and other citizens. Its museum shows 
the best existing collection of Maori art.. The extension 
of the city has not marred the charm of the surroundings. 
These, indeed, have been beautified by gardens and tree 
planting. The industries are substantial, among them 
being sugar-refining, shipbuilding, and manufactures of 
rope and twine, bricks and tiles, while there arc also timber 
works. The harbour accommodation is very good, and 
includes two graving docks, of which one (the Caliio|)e) 
is 526 feet long, the other 312. The total trade in 
1893 was £2,744,277 ; in 1896, £3,236,(505 ; in 1899, 
£4,071,323. The registered tonnage of shipping in 1899 
was — inwards, 311,827 tons; outwards, 214,351 tons. 
Population of borough (1871) 18,000, (1881) 26,083, 
(1901) 34,216; of province (1901) 175,854. 

Alld^i a department in the S. of France, bordering 
on the Mediterranean. It is traversed by offshoots of the 
Pyrenees and of the Corbihres, and watered by the Aude. 

Area, 2448 square miles, distributed among 31 cantons and 439 
communes. Population, 332,080 in 1886 : 310,513 in 1896 ; 313,581 
in 1901. The chief towns are Carcassonne, the capital, with a 
population of 30, 000 in 1896, Custelnandary, Limuux, undNarbonne 
(80,000 inhabitants). Births in 1899, 6233, of which 232 were ille- 
(dtimate ; deaths, 6227 ; marriages, 2286. In 1896 the primary 
schools numbered 836, with 45,000 pupils. Four ^ler cent, of the 
population was illiterate. The surface under cultivation measured 
975,650 acres, of which 476,710 acres \^eie plough-land, and 284,000 
acres laid out in vines. In this latter culture Aude holds the third 
rank in France, in respect of extent of cultivation. In 1899 the 
wheat crop yielded a value of £463,208 ; maize is one of the 
cultures next in importance. In 1899 the vines gave a gross return 
of the value of £4,040,000. The mulberry is also grown. In 
1898 the live stock numbered 25,186 horses and 31,080 cattle. 
Aude produces a little iron and (1898) 8000 tons of sea salt 
There is no working in metals, and the other industries, giving way 
before all-engrossing viticulture, are quite inconsiderable. 

Audenarde. Seo Oud^abde. 

Audran, Edmond p842-i90i), French musical 
composer, was born at Lyons in 1842. Ho studied music 
at the £cole Niedermeycr, where he won the prize for 
composition in 1859, Two years later he accepted the 
])Ost of organist of the church of St Joseph at Marseilles. 
He made his first ap|)earance as a dramatic composer 
at Marseilles with VOvn et le Pcui/ui (1862), a musical 
version of one of Scribe’s vaudevilles. This was followed 
•by La Ckerehetue ^Etprii (1864), a comic oixjra, also pro- 
duced at Marseilles. Audran wrote a funeral march on 
the death of Meyerbeer, which was performed with some 
success, and made various attempts t(» win fame as a writer 
of sacred music. He produced a mass (Marseilles, 1873), 
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an oratorio, La StdanUte (Marseilles, 1876), and numerous 
minor woiks, but he is luown almost entirely as a com- * 
poser of the lighter forms of o^)era. His first Parisian 
success was made with Lea Nocea d* Olivette (1879), a work 
which speedily found its way to London and (as Olivette) 
ran for more than a year at the Strand Theatre (1880-81). 
Audran’s music has, in fact, met with as much favour in 
England as in France, and all save a few of his works 
have iHien given in a more or less adapted form in Loudon 
theatres. Besides tlif»ae already mentioned, the following 
have been tlie most undeniably successful of Aud^an^s 
many comic operas: Le Oraml Moijol (Marseilles, 1876; 
Paris, 1884 ; Loudon, as Tlve Grand Moguls 1884), La 
(Paris, 1880; London, as The Maacotte, 1881), 
Gillette de Narbomie (Paris, 1882; Loudon, as Gilleiie^ 
1883), Jai Cignle et la Fourmi (Paris, 1886; London, as 
La Cigalfy 1890), Mi»a Helyett (Paris, 1890; London, as 
Miaa Dvcirna^ 1891), La Poupee (Paris, 1896; London, 
1897). Audran was one of the best of the successors 
of OiTenbach. He had little of Offenbach’s humour, 
but his music is distinguished by an elegance and a 
refinement of manner ^^hlch lift it above the level of 
opera bouffe to the confines of genuine opera comique. 

He was a fertile if not a very original melodist, and his 
orchestration is full of variety, without being obtiusive oi 
vulgar. Many of his operas, Iai MaacotU in particular, 
reveal a degree of musicianship which is rarely associated 
with the ephemeral productions of the lighter stage. He 
died 17th August 1901. (r. a. s.) 

Auerbach, Berthold (1812-1882), German 
novelist, was born on 28th February 1812, at Nordstetten 
in the Black Forest. His parents were Jews, and 
he was intended for the priesthood ; but, becoming 
I estranged from Jewish orthodoxy by the study of Spinoza, 
he devoted himself to literature, and made a fortunate 
beginning in a romance on the life of Spinoza (1837), 
so interesting in itself, and so close in its adherence 
to fact, that it may Ije read witli equal advantage os 
a novel or as a biography. A translation of Spinoza s 
works followed in 1841, and Auerbach turned to the 
class of fiction which has made him famous . the Dorf- 
geachichteny or stories of jieasant life in the Black Forest, 
in which, as well as in BarfuaaeUy Edelwnaa^ and other 
novels of greater compass, he depicts the life of the south 
German {leasant as Jeremias Gotthelf had painted the 
jicasantry of Switzerland, but in a much less realistic 
spirit. When this vein was exhausted Auerbach returned 
to his first phase as a philosophical ntivelist, producing 
Anf der libkey Daa Laud ham am Rheiny and other 
romances of profound sjieculativc tendencies, turning on 
])lots invented by himself. These were no exception to 
the general wearisomeiiess of long German novels, and 
Auerbach’s fame ^Wll continue to rest upon his Dorf- 
geachichteiiy impaired as the celebrity of even these has 
been by the growing demand for a more uncompromis 
ing realism. Auerbach died at Cannes, 8th February 
1882, (K. G.) 

Auersperff, Anton Alexander, Count 
(1806-1876), after Grillparzer the most celebrated modern 
Austrian iKH^t, was born at Laibach, 11th April 1 806. Born 
to an ample fortune, ho took a prominent part in public 
life, which became more active as the grip of absolutism 
gradually relaxed. At first the object of persecution and 
suspicion for his Lilicral tendencies, he was in 1860 
summoned by the Crown to represent ®arinthia in the 
Diet, and was made a |)eer for life in the following year. 
His subsequent course was that of a determined opiwnent 
of federalism, but the current of events was too strong for 
him. He died at Gratz, on 12th September 1876. As a 
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lK)ct Auersperg gained great reputation by the anonymous 
Walki of a Viewna Poet (1831), a collection of lyrics dis- 
playing the humour, tender feeling, and power of natural 
description which continued to characterize him, and which 
excited est)ecial attention by so pronounced a hostility to 
Metternich's despotic system that the author was obliged 
to print them at Hamburg. Subsequent volumes under 
the pseudonym of Anastasius Griin ” were no less success- 
ful, and in 18r>0 Anorsi)erg further endeared himself to his 
countrymen by an ejiic of (xipular life, Der Pfaff von. 
Kahkiihenf, If not the greatest of Austrian poets, he is 
the most typiciilly national. Among his works is a version 
of the; Knglish ballads of the Robin Hood cycle. ^ 

Auiri«r, Quillauma Victor l^mlle (1820- 

1889), French dramatist, who with Dumas fih and Sanlou, 
may lie said to have held the French stage during the 
second empire, was born at Valence in Dr6mo on the 
17th Scjiteralier 1820. He received a good education and 
studied for the liar. In 1844 he wrote a play in two acts 
and in verse, La Cigue^ refused at the Th^tre Frangais, 
but produced with considerable success at the Od^on. 
This settled his career. Thenceforward, at fairly regular 
intervals, either alone or in collaboration with some well- 
known writer — Musset, Saudeau, lAibiche — he produced 
plays which were in their way eventful, and in the case of 
tlie Fih de Gihoytr — which was regarded as an attack on 
the clerical party in France, and only brought out by the 
direct intervention of the cmiieror — caused some political 
excitement. Ilis last comedy, Le$ FourcluimbavJtf Ijelongs 
to the year 1878. After that date he wrote no more, 
restrained by an honourable fear of producing inferior 
woik. The Academy had long before, on the 28th January 
1858, elected him to be one of its members. He died in 
his house at CJroissy on the 25th October 1889. iSueh, in 
briefest outline, is the story of a life which Augier himself 
descrilHJS as ‘‘ without incident — ^a life in all senses 
honourable. The man respected himself and his art, 
and his art on its ethical side — for he did not disdain 
to ho a teacher — has high qualities of rectitude and self- 
restraint. Uprightness of mind and of heart, generous 
honesty, as M. Jules Lemaitre well said, constituted the 
very soul of all his dramatic work. Nor are exempli- 
fications far to seek. In the Mariage d^Olympe (1855) 
the courtesiin is shown as she is, not glorified as in 
Dumas’s Damt aux Cainhluu, In Gabridle (1849) the 
husband, not the lover, is the sympathetic, poetic character. 
In the Lionnes pauvreit (1858) the wife who sells her 
favcjurs comes under the lash. Greed of gold, social 
demoralization, lust of power, these are satirized in Les 
Efronth (1801), Le Fih de Oiboyer (1862), Ccyntagitm 
(18GG), LimuH et Rermrds (1869) — which, with the Gendre 
de M. Poirier^ reach the high-water mark of Augicr’s 
art; while in Jean de Tli&nimeray (1873), brought out 
after the great reverses of 1870, the regenerating note of 
patriotism rings high and clear. But it would be unfair 
to suggest that Augier was a preacher only. Ho was a 
moralist in the groat sense, the sense in which the tenn 
can be ap])licd to Moliere and the great dramatists — a 
moralist l>ecause of his large and sane outlook on life. 
Nor does the inttuest of his dramas dei^cnd on elaborate 
plot. It springs from character and its evolution. His 
men and women move as personality, that mysterious 
factor, dictates. They are real, several of them typical. 
Angler’s first drama, Cu;ue^ belongs to a time (1844) 
when the romfintic drama was on the wane ; and his 
almost exclusively domestic range of subject scarcely 
lends itself to lyric outbursts of pure poetry. But his 
verse, if not that of a great ]x>et, has excellent dramatic 
qualities, while the prose of his prose dramas is ackdir* 
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able for directness, alertness, sinew, and a large and 
effective wit. Perhaps it wanted these qualities to enlist 
laughter on lus side in such a war as he waged against 
false iiassion and false sentiment. (f. t. m.) 

AuSSburflfi a town and episcopal see of Bavaria, 

I Germany, chief town of the district of Swabia, on the 
I river Lech, 39 miles W.N.W. from Munich by rail. The 
newer buildings, all in the recently built W. quarter of 
I the city, include law courts, theatre, and municipal library, 
with 150,000 vols. Augsburg is particularly well provid^ 
with special and technical schools. It has become a centre 
of the acetylene gas industry of Germany, and the number 
of artisans engaged in its various works now exceeds 
19,000. Population (1885), 65,905; (1900), 89,109. 

Auflrustaf a fortified seaport of the province of 
Syracuse, Sicily, Italy, on an island on the S. side of Cape 
Santa Croce, on the E. coast of the island, 19 miles by 
rail N. from Syracuse. It is connected with the mainland 
by a bridge, and has a spacious harbour, fortified, with a 
small foreign and some coasting trade. The people cure 
fish, crush out olive oil, quarry chalk, bum lime, and ex- 
tract salt. Population, about 14,000. The town was 
founded in 1232 by the emperor Frederick II., and is 
memorable for the defeat (1676) of the Dutch admiral De 
Ruyter by the French under Duquesne, in which De Ruyter 
was mortally wounded. 

AUflfUStftf capital of Richmond county, Georgia, 
IT.S.A., in 33’ 29' N. lat. and 81“ 51' W. long., on the 
west bank of the Savannah, at the head of navigation and 
at the falls in the river. Those afford a magnificent water- 
power, which is extensively utilized in manufactures. The 
city stands at 143 feet above sea-level, is divided into five 
wards, is well drained and lighted, and is supplied with 
water from the Savannah. It is the most important 
cotton manufacturing centre of the south. In 1890 the 
cotton factories employed 4500 liauds, and their annual 
product was valued at over $6,000,000. The assessed 
valuation of real and personal projierty in 1899 was 
$18,780,076, the net debt $1,896,469, and the tax rate 
$24.76 iKjr $1000. Population (1880), 21,891 ; (1890), 
33,300; (1900), 39,441, of whom 995 were foreign-born 
and 18,487 were negroes. 

AUflfUStay capital of Kenncl)cc county and of the 
state of Maine, U S.A., on the Kennebec, at the head of 
tide and navigation. Its site is hilly, the land rising 
sharjily from the river on both sides. The city is 
regularly laid out, and is entered by the Maine Central 
railway. Few of the streets are paved, and the drainage 
system is incomplete. There is a fine public library, and 
the State-house, a beautiful structure, stands on an emi- 
nence in the southern outskirts. It has considerable 
manufactures, chiefiy in cotton, wool, and lumber, the 
falls in the river at this point furnishing water-power. 
It was settled under the name of Cushnoc in 1754, 
was afterwards a part of Hallowell, was incorporated 
as the town of Augusta in 1797, was made the capital 
in 1827, and received a city charter in 1849. Population 
(1880), 8665; (1890), 10,527; (1900), 11,683. 

Marie Louise Catherine, 

Queen of Prussia and Gerican Empress (1811-1890), 
born at- Weimar on the 30th of September 1811, was 
the second daughter of Charles Frederick, grand-duke of 
Baxe-Weimar-Eisenach, son of Karl August, the patron^ 
of Goethe and Schiller. In 1829 she married Prince 
William, second son of Frederick William III. of Prussia ; 
her elder sister, Princess Marie, had two years before 
I married Chariest the third son of the king of Prussia, and 
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was the mother of Prince Frederick Charles, the famous 
general. There were two children of the marriage, 
Frederick {q.v,\ the future emperor, and Louise (b. 1838), 
who married the grand-duke of Baden. In 1 840, on the 
death of his father. Prince William, who, as his elder 
brother was childless, was now heir-presumptive, took the 
title of Prince of Prussia; in 1858 he ^camo Prince 
Regent, and in 1861 succeeded to the throne. In 1871 
ho assumed the title of German emperor. The princess 
brought with her from Weimar a keen interest in art and 
literature ; she continued to correspond with Goethe till his 
death. She also gave considerable attention to political 
affairs and was (again a tradition of the court of Weimar) 
more favourable to constitutional government and political 
liberty than was quite consistent with the usual tone of the 
Prussian court. After 1840 she and her husband generally 
lived at Coblenz, which always remained her favourite 
place of residence ; but when in Berlin, esf)ecially after 
1848, she became to some extent the centre of a Liberal 
opposition to the Government. This attitude she continued 
after Prince William had become king, and her influence 
was generally unfavourable to the policy and person of 
Bismarck, who in his posthumous memoirs has left a 
record of the difficulties which he sometimes experienced 
from her opposition. She was greatly interested in works 
of charity and benevolence and took an active part in the 
organization of the Red Cross Society and the Good 
Samaritans, established for the relief of sufferers in time 
of war. The old Weimar traditions continued to influence 
her to her latest years, and she had little sympathy with 
the military spirit which prevailed at the Prussian court 
or with the exaggeration of national feeling which became 
common after the groat war. After 1870 again her dis- 
like of Bismarck’s jiolicy was increased by his struggle 
with the Church, for though a Lutheran she always 
showed much interest in the Roman Catholic Church 
as in the worship of other religious denominations, 
es{)ecially that of the Anglican Church, in the minis- 
trations of which she found much comfort in her 
declining years. She died in Berlin on the 7th of 
January 1890. (j. w. Ha) 

AuflfUStOWOy a district town of Russian Poland, 
135 miles S. of Suwatki, on the canal of the same name 
(65 miles), connecting the Vistula with the Niemen by 
moans of the Netta, Czomoganza, and several lakes. It 
has a considerable export tr^e to the Baltic Sea. Popu- 
lation (1897), 12,746. 

AullO-Citaf a small district town and fort of 
Russian Turkestan, province of Syr-daria, 260 miles N.E. 
of Tashkent on the highway to Vyernyi, situated on the 
Talas river at the western end of the high Alexandrovskiy 
range, its altitude being 5700 feet. The inhabitants of 
the town are mostly Sarts and Tajiks trading in cattle, 
horses, hides, &c. The population in 1897 was 12,006. 

Aumalap Due d*. See Orleans. 

Aundhp a native state of India, in the Deccan 
division of Bombay, ranking as one of the Satara Jagirs. 
Its area is 447 square miles; its population (65,146 in 
1891) was 63,933 in 1901 ; its gross revenue in 1897-98 
was Rs.1,89,311, of which Rs.31,779 was ex()ended on 
public works ; the number of police was 66 ; the boys at 
school numbered 998. The ^ief, whose title is Pant 
Pratinidhi, is a Brahman by caste. The state has suffered 
^verely from plague, the number of deaths down to July 
1898 living been 661. The town of Aundh is situated 
in 17” 32' N. lat. and 74” 22' E. long., 26 miles south-east 
of Satara. Population, about 3500. 

Aun^ngitbddp a town and district of India, in 
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the north-west division of the dominions of the Nizam cf , 
Haidar^bdd, on the river Kaum. It is a railway station 
on the Haidar4b4d-Godaveri line, 435 miles from Bomliay. 

In 1891 the population, with military cantonments, was 
33,887 ; in 1901 it was 26,165, showing a decrease of 2.3 
per cent. It has a cotton mill, with 184 looms and 
16, .500 spindles, and employing 722 hands. The district 
of Aurangdbdd has an area of 6176 square miles. The 
population (1891) was 1,094,601, being 152 jicrsous tier 
square mile; in 1901 it was 984,700, showing a decrease 
of 13 j)cr cent, due to the famine of 1899-1900. It 
contains the famous caves of Ajanta, and also the liattle- 
iicld of Assaye. 

AurAYp (Breton Alrac), a town of France, depart- 
ment of Morbihan, in the arrondissement of Lorient, 12 
miles W. of Vannes by rail. Iron manufacture and oyster 
culture are the chief industries ; mine props arc sent to 
England. Population (1881), 5064; (1891), 5071 ; (1896), 
5193, (comm.) 6099; (1901), 648,5. 

Aurelle de Paladines, Louis Joan 
Baptiste d’ (1804 -1877), French general, w^s born 
at Malzieu, Loz6re, on the 9th of January 1804, w^as 
educated at St Cyr, and entered the army as sub-lieu- 
tenant of foot in 1824. lie served with distinction in 
Algeria against the Arabs between 1841 and 1848 (lieut.- 
colonel, officer Legion of Honour) ; took jiart in the 
Roman campaigns of 1848 and 1849 (colonel) ; and 
served as general of brigade throughout the Crimean War 
of 1854-56 (general of division, commander Ij('gion of 
Honour). During the campaign in Ijomlmrdy in 1 859 he 
commanded the ninth division at Marseilles, and siitier- 
inUmded the despatch of men and stores to the seat of 
war (grand officer Legion of Honour). I’laeed on the 
reserve list in 1869, ho was recalled to the MarseilKs 
command on the outbreak of the Franco-German war of 
1870-71. The revolution of the 4th September obliged 
him to leave Marseilles, but after the defeat of De l.i 
Motterouge and capture of Orleans by the G(»rnians, he 
was ap|>ointed by the Government of National Defence, in 
November 1870, to the command of the army of the Jjoire. 
He was at first very successful against Von der Tann, 
winning the battle of Coulmiers and conqielling the 
Gormans to evacuate Orleans, but the capitulation of 
Metz had set free additional German troops to oppose him, 
and, after his defeat at Beaune la Rolando and subsequent 
unsuccessful fighting near Orleans, resulting in its recaj)- 
turo by the Germans in December, Aurelle retreated into 
the Sologue and was superseded. After the armistice he 
was elected to the National Assembly by the de|iartinents 
both of Allier and Gironde. He sat for Allier and was 
one of the fifteen officers chosen to assist in the peace 
negotiations. He wus decorated with the grand cross of 
the Legion of Honour, and was given the command at 
Bordeaux, but retired in 1872. Elected a life senator in 
1875, he supported the monarchical majority of 1876. He 
died at Versailles on the 17th of Decemlxir 1877. lie 
was the author of La Premiere Armee de la Loire ^ pub- 
lished in 1872. His fine (qualities as a soldier wore marred 
by indecision. (r. n. v.) 

AurlllaCi chief town of defmrtment Cantal, France, 
366 miles S. of Paris by rail. There is a bronze statue 
(1833) of General Delzons. Its manufactures comprise 
copper wares, chemical products, umbrellas, goloshes, and 
sabots. Population (1881), 11,655; (>891), 12,587; 
(1896), 13,531, comm. 14,578; (1901), 17,459. 

AurorOf a city of Kano county, Illinois, U.S.A., 
situated in 41” 46' N. lat. and 88* 17' W. long., on the 
Fox river, 39 miles W.S.W. of Chicago, at an altitude of 

S. I. 
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G48 feet. Its jjlan is somewhat irregular, and it is divided 
into seven wards. Excellent railroad connexions are 
afforded by the Chicago, Burlington, and Quincy, the 
Chicago and North-Western and the Elgin, Joliet, and 
Eastern railways. Agricultural tools and machines are 
the chief manufactures. The shops of the Chicago, Bur- 
lington, and Quincy railway, employing upwards of 2()00 
hands, are sitiuited hero. The silver-plate works are also 
one of the largest industries in tho city. It was settled 
in 1834. Population (1880), 11,873; (1890), 19,688; 
(1900), 24,147. 

AtirorOy a city of Lawrence county, Missouri, U.S.A., 
on tho St Louis and San Francisco rad way, at its junction 
with a l>raiich of the Kansas City, Fort Scott, and Memiihis 
railway, in the neighbourhood of a lead and zinc mining 
region. Population (1890), 3489 ; (1900), 6191. 

Aurora polarls. See Atmosphkkic Elrctkjcity. 

AuSSi^ (Czech Omtl nod Lafiem\ tho chief town 
of a government district in Hoheinia, Austria ; a consider- 
able river port, on the Elbe. Population in 1890, 23,723 ; 
in 1900, 40,000; almost exclusively German and Catholic 
(2 i)cr cent, Czech, 5 per cent. Protestant, and 2 per cent. 
j€?wish). Tho adjoining communes of KJetscho and Sclion- 
pricseu were incorporated in 1899. In J 8 57 there w'ore 
only 640 1 inhabitants. All branches of industry an<l tnwle 
show grt*at jirogress. The jiort, which was extended in 
1891, was entered in 1896 by 1700 iwissenger and 1776 
fivight steamers, together with 7800 sailing vessels and 
towed barges. Tin*, principal articles forwarded are lignite, 
coal, sugar, stone ainl stoneware, com, fruit, flour, cotton, 
rice, oil, fat, salt, and jiotroleum. In addition to the im- 
jiortaut textile, cliomical, and boat-building industries, <kc., 
its iiianufacturos now comijrise [laiufliri, oils, tar, colour- 
ing stuffs, macliiner>, glass, i)ianos, leather, malt, ikc. 
Anssig was the birthplace of the painter lla}i]iael ^leiigs 
(1728-79). 

Austilli ca[)ital of Mower county, Minnesota, U.S.A., 
on the Ileil Cedar river, at an altitude of 1200 feet. Th<* 
plan is quite regular, and the city is on the Chicago 
and Great Western, and tho (IJhicago, Milwaukee, and 
8t Paul railways. Population (1880), 2305 ; (1890), 3901 ; 
(1900), 5474. 

Austilli capibil of Travis county, and of the state of 
Texas, U.SA., in 30“ 16' N. lat. and 97“ 43' W. long., on 
the north bank of tho Colorado. The river is not navi- 
gable. Tho city is divided into eleven wards; the site 
is level and the ])lan regular. The surrounding country 
is a rich agricultural region, producing cotton as its 
])rincipal crop. The finest building is the capitol, which 
the state obtained by bartering 3,000,000 acres of land in 
th(^ “ l*an Handle.” It is said to have cost $4,500,000. 
The city contains a number of state institutions ; 
among them the Lunatic Asylum, the Deaf and Dumb 
Asylum, the Blind Asylum, and the University of Texas. 
The last had 65 instructors and 800 students in 1899. 
Austin has three railways — the Houston and Texas Central, 
the International and Great Northern, and the Austin and 
North-Western. It received its name from Stephen Austin, 
a jirominent man in tho early history of Texas. Its site 
was selected, and the city built to serve as the capital, 
work on it having licen commenced in 1839, immediately 
after the se^iaration of Texas from Mexico. Population 
(1880), 11,013^ (1890), 14,575; (1900), 22,258. 

Austlfli Alfrocl(1835 ), English Poet-laureate, 

w^ bom at Headingley, near L^s, 30th May 1835. 
His father, Joseph Austin, was a merchant of the city of 
Leeds; his mother, a sister of Joseph Locke, M.P. for 
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Honiton. Mr Austin was educated at Stonyhurst, Oscott, 
and London University, where he graduated in 1853. He 
was called to the bar four years later, and practised #8 a 
barrister for a short time ; but in 1861, after two com- 
jmratively false starts in poetry and fiction, he made his 
first noteworthy appearance as a writer with a satire 
called The Secuon, which contained incisive lines, and 
was marked by some promise both in wit and observation. 
In 1870 he published a volume of criticism, The Poetry 
of the Period^ which was again conceived in a spirit of 
satirical invective, and attacked Tennyson, Browning, 
Matthew Arnold, and Mr Swinburne in no half-hearth 
fashion. The book aroused some discussion at the time, 
but its judgments were extremely uncritical. In 1881 
Mr Austin returned to verse with a tragedy, Savomuroloy 
to which he added Soliloquies in 1882, Prince Lucifer in 
1887, England* s Darling in 1896, and The Conversixm of 
WiiuMnumn in 1897. For several years he edited Thv 
National RevieiVy and has written many leading artieleN 
in the columns of The Standard, On Tennyson’s death 
in 1892 it was felt that none of the then living poets, 
except Mr Swinburne or Mr William Morris, who were 
disqualified on other grounds, was of suflicient distinction 
to succeed to the laurel crown, and for several years no 
new Poet- laureate was nominated. In the interval the 
claims of one writer and another were much canvassed, 
but eventually, in 1896, Mr Austin was appointed. 
Since then he has written seveml occasional poems, 
suggested by contemporary events (in particular, the 
Jameson Raid), which have not escaped criticism. 
The chief characteristic of Mr Austin’s poetry, as of the 
iKJst of his prose, is a genuine and intimate love of 
nature. His prose idylls, The Garden that I love 
and In Veronica's Garden, are full of a pleasant, open- 
air flavour, which is also the outstanding feature of his 
English Lyri.cs, His lyricu,! poems are wanting in 
siHintaneity and individuality, but many of them possess a 
simple, orderly charm, as of an English country lane. He 
has, indeed, a true love of England, sometimes not without 
a suspicion of insularity, but always fresh and ingenuous. 
In dramatic poetry he is less successful. His laureate 
poems have been considerably below the level of his carlii*r 
achievements ; but it was a very unenviable task to assume 
the laurel in succession to two poets whose ork is among 
the richest in English literature. 

AustrAlftSiAf a term used by English geographers 
in a sense nearly synonymous with the Oceania f>f 
Continental writers. It thus comprisi*a all the insular 
groups which extend almost continuously from the south- 
eastern extremity of Asia to more than half-way across 
the Pacific. Its chief divisions are Malaysia with 
the Philippines; Australia with Tasmania and Neiv 
Zealand; Melanesia, that is, New Guinea, New Britain, 
New Ireland, and York, the Solomons, New Hebrides, 
Santa Cruz, Fiji, Loyalties, and New Caledonia ; 
Micronesia, that is, the Ladrones, Pelew, and Carolines, 
with the Marshall and Gilbert groups ; lastly, Polynesia, 
that is, Samoa, Tonga, Cook, Tahiti, the Marquesas, 
Ellice, Hawaii, and all intervening clusters. The term is 
so far justified in that it harmonizes better than Oceania did 
with names of the other continents, and also embodies 
the two essential facts that it is a south-eastern extension 
of Asia, and that its central and most important division 
is the great island - continent of Australia. In a more 
restricted sense the term Australasia corresponds to thc^ 
large division including Australia, Tasmania, and New 
Zealand. 

See Australasia, 2 vola. Stanford Compendium Series^ new Saeue. 
London, 1898<94. 
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Physical Oeocraphy. 

A ustralia is the only continent entirely in the 
southern hemisphere. A mostly unbroken coast-line 
faces the sea in majestic and stately curves, giving the 
whole land a character of comfiactness, which likens it m 
some way to portions of the African continent. Quito one- 
half of its area is drained towards the interior. There arc, 
however, no rivers like the Congo or Nile, and no snow- 
capped mountains to act as feeders. The average height of 
the land is not more than 300 feet, the highest point. Mount 
Kosciusko, being only 7328 feet above sea- level, and well 
b.slow the limits of perpetual snow. Australia lies between 
10” 39' and 39” llj' south lat., and Ixitwoen meridians of 
113” 5' and 153” 16' cast long. Its greatest length is 
2400 miles from east to west, and the greatest breadth 
1971 miles from north to south. The area is, approxi- 
mately, 2,946,691 square miles, with a coast line measur- 
ing about 8850. This is equal to ono mile to each 333 
square miles of land, the smallest proportion of coast 
shown by any of the continents. The salient features of 
the Australian continent are its conqiaet outline, the 
absence of navigable rivers communicating with the in- 
tirior, the absence of active voleAUoes or snow-capped 
mountains, its isolation from other lands, and its antiquity. 
Some of the most profound changes that have taken place 
on this globe in lifting mountains such as the Alps and 
the Himalayas, have taken place in Mesozoic times. Rocks 
high up on the shoulders of these great ranges were formed 
beneath the sea at a time when a great portion of the 
Australian continent was already dry land. Vast tracts 
of Eurojie and Asia have been submerged in Tertiary 
times. Australia has boon for the most ^jart above the 
sja since the period anterior to the great earth movements 
named. In this sense Australia has Ix'en rightly referred 
to as one of the oldest existing land surfaces. It has been 
described as at once the largest island and the smallest 
continent on the globe. While in one siMise a large island, 
it conforms in general to the continental model. The 
general contours exemplify the law of geographers, as to 
having a high border around a depressed interior, and as to 
having the highest mountains on the side of the greatest 
ocean. The main dividing range of Eastern Australia 
looks out upon the greatest and deepest watiT mass on 
the globe, the Tasman Sea and the South Pacitic. 

Australia stands up from the ocean de])ths in three fairly well 
marked shelves, 'i'ho basal plain of these terract'S is the Led of 
the Pacidc, having an average depth of 15,000 feet. From this 
profound foundation rise Australia, New Guinea, and Melanesia, 
in varying slo)^. The first lodge rising from the ocean floor has 
a depth averaging 8000 feet below soa-level. The outer edge of 
this basal ledge is roughly parallel to the coast of West Austialia, 
and more than 150 miles from the laud. Kouiid the Australian Bight | 
- - it continues parallel to the coast, until south of 

fc****/ S^Hjneer Gulf (the basal linbjto still averaging 8000 
cnmrmcw, depth) it sweeps southwaids to lat. 56*, and 

forms a submarine promontory 1000 miles long. The edge of the 
abysmal area comes close to the eastern coasts of Tasiiiaiiia and 
New South Wales, approaching to within 60 miles of (^ajie Howe. 
The terrace closest to the land, known as the coutinental shelf, 
has an average depth of 600 feet, and connects Australia, New 
Guinea, and Tasmania in one unbroken sweep. Compared with 
other continents, the Australian continental shelf is extremely 
narrow. There are points on the eastern coast where the land 
plunges down to oceanic depths with an abruptness rarely 
^paralleled. Olf the Queensland coast the shelf broadens, its outer 
edge being lined by the seaward face of the Great Barrier Reef. 
From Torres Strait to Dampier Laud the shelf spreads out, and 
connects Australia with New Guinea and the Malay Archijiolago. 
An elon^ntion of the shelf to the south joins Tasmania with the 
mainland. The vertical relief of the laud above the ocean is one of 


tlie chief factors in determining tlie climate as well as the distnbu- 
tion of the fauna and flora of a continent. The land mass of 
Australia rises Ui a lessor mean height than that ol any other 
continent. Tlie chief mountain systems are parallel to, and not 
far from, the cooMt-lme Thus, taking the continent as a whole, it 
may lie described as a plateau, fringed by a low lying well>\\atere(! 
coast, with a depiesseif, and lor the most jiait and, interior A 
great central plain covers quite 500,000 square miles of the continent 
Although tci nnd the Centnil Plain, it is situated a little to the 
east of a menditmal line bisecting the continent. The vast bulk oi 
this plain is situated to the south of the 22nd degree, but portions 
of it reach very close to the lo\v-l)ing flats south of the Gulf of 
Oarpeularia. The contour of the continent in the latitude of the 
Richmond Rivt r is us follows : — A short strip of coastal plain , 
then a sharp incline rising to a mniintani range 4000 feet above 
sea-level, at a distance of 40 miles from the coast. From this a 
gently-sloping plateau keeps deepening until nearly down again to 
the sea-level, in a line due noith ol Spencer Gulf Then there is a 
gentle rise to the Low Steppes, much of which country is s]>inifcx 
desert, 600 to 1000 feet above sea-level A further gentle rise in the 
High Steppes leads to the mountains of the AVo&t Aiihtrnliun toast, 
ana another stiip of low-lying coastal land to the sea. The (heat 
Central Plain is certainly Austi .ilia’s most notable inland feature. 
Comparatively little of the rainfall over its vast extent over 
roaches the sea by any known iivcr system Ini Iced the river 
systems as shown on maps leave a false mlprc^8lon as to the 
actual condition of things. The absence of iivcis connecting the 
coast-line with the interior has alioady been noticed In keeping 
with this is the solid outline of the coast geiieially. On the north 
and north-west some notable indentations lead to the Fitzroy, the 
Victoria, the Daley, and the Roper nvors. 

The network oi streatns forming the tributaiies of the Dai ling 
and Miinay system give an idea ol a well-watered eoiintiy. The 
so called rivers have running water only after lieavy rams, and 
very few of these tributaries ever reach the main drainage line. 
B'lood waters di8ap{>car olten W'lthiu a distance oi a lew mileb, 
being absorbed by jnirous soil, stretches of sand, and sometimes 
by the undei lying bed-rocks. The waters even oi the Macquaiie 
do not usually reach the Darling, but break up into innumciable 
gutters, and spread out over vast Hats. In flood times onlv, tlie 
river overflows its banks, and flooding the flat countiy for inilcs 
around, reaidies the Darling. Oxley went down the Lacfilaii, 1817, 
during ono of these jicricMls of flootf, and the great ))lams ap}>eaie(i 
to him to bo the fringe of a vast inland sea. As a mattei of fat I, 
they are an alluvial deposit spread out bv the biiiiic Hood waters 
The great rivers of Australia, draining nilaml for the most part, 
carve out valleys, dissolve limestone, and spread out then dejiosit 
over the plains when the W'atcrs become too sliiggisli to beat their 
buidcii fai tbor. Fi om a geological staiul})Oiiit, the Great Australian 
Plain and the fertile valley of the Nile have had a similai origin. 
Taking the Ijachluu as one type ol Australian river, we find it 
takes its rise amongst the T)reci]>itouH ami almost unexplored 
valleys of the Alum Dividing Kaiige. With tlie liclp of its trilm- 
tarics it acts ns a denuding agent foi 14,000 siiuare miles of 
country, and carries its buidcu ol sediment westwards. A point 
IS reached about 200 miles fiom the Dividing Range, where the 
river ceases to act as a denuding agent, and the area oi deposition 
begins. Hut tlie river is still about 1000 miles from the sea. The 
Darling is leckoned amongst the longest rivers in the w'orld, 
for it IS navigable, part of the year, from W^algett to its coiifliieneo 
with the Murray, 17r>8 miles, and then to the sea, a further 
distance of 587 miles, —making in all 234.5 miles of navigable 
w'ater. Hut this gives no correct idea of tlie true character oi the 
Darling, for it can hardly be said to drum its own watershed. 
Fiom the sources of its various tributaries to the town of Bourke, 
the river may be described as draining a watershed. But from 
Bourke to the sea, .550 miles in a direct line, the nvoi gives rather 
than receives water from the country it flows tlirough. 

The annual rainfall and the catclimcnt area afford no dat.i 
w’hatcver as to tlie .size of a river in the iiitcrioi of Australia. In 
Euro()e it has been estimated that from 20 per cent, to 50 per 
cent, of the rainfall flows aw'ay in rivers. The discharge of the 
Darling River at Bourke does not amount to more than 10 wr cent, 
of the rainfall of its catchment area. It was this startling fact 
which first led to the idea that, as the rainfall could not be 
accounted for either by evaporation or by the nvy discharga, much 
of the unaccounted-for 90 per rent. mu.st in piirt sink into the 
ground, and in ysirt be absorbed by some underlying bed-rock. All 
Australian rivers depend entirely and direetly on the rainfall. 
They are flooded after rain, and in seasons of drought become dry 
W'ater-ooiirses. Springs which equalize the discharge of rivers by 
continuing to {huh* water into their beds, long after a rainy season, 
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seem ontirelv absent in the interior. Neither are there any snow- 
fieldM to leed rivers, as in the other continents. More remarkable 
still, over large trsctM of country the water seems disposed to flow 
away from, rather than to, the river-beds. As the low-lying plains 
are altogether an alluvial deposit, the coarser sediments accumulate 
in the rt'gions where the river first overflows its banks to spread 
out over the jilains. The country nearest the river receiving the 
heaviest deposit becomes in this way the highest ground, and so 
continues until a “ break-nway ” occurs, w'hen a new river-bed is 
formed, and the same process of deposition and accumulation is 
repeated. As the gtMieral level of the country is raised by suc- 
<‘essive alluvial deposits, the more ancient river-beds become 
buried, but l>eiiig still connected with the newer rivers at somo 
point or oilier, they continue to absorb water. This undcrgroiiiid 
network of old river -beds underlying the great alluvial plains 
must he filled to repletion before florm waters will flow over the 
surface 

Outside the great alluvial plain there is a vast tract of country 


I extending from the Musgravc Ranges west and north. This may 
be considered a plateau without any of the features of the plains. 
The bed-rock is nowhere far from the surface, thus forming a 
strong contrast with the great alluvial plain where the bed-roft is 
buried many hundred feet below the surface. Over the entire 
western half of Australia there is no leading drainage system, 
and we have here an area that is almost unique in the features of 
a continent. There is no high mountain, and probably over an 
expanse of 400,000 miles not a drop of the scanty rainfall ever 
reaches the sea. 

The term desert applied to the Australian interior is somewliat 
misleading. Sandhills there are, and vast stretches of sandy 
country. But much of the so-called desert will support animal 
life to some extent. Sturt’s “Stony Desert” is not at all what 
the name would suggest. Peculiar water-worn and glazed boulders 
cover much of the surface, but there is also grass, and in good 
seasons the “ gibber land ” disapjiears under a waving carpet of 
meadow. Part of Sturt’s “Stony Desert” is now a sheep-mn, 



witli one sheep to 10 to 12 acres, but growing excellent wool. 
(tHimine desert exists in the spinifex country. On the outskirts 
are shady bauliinia trees and bright-looking desert- apple trees.* 
The trcaclierous .spinifox, too, looks lair enough from the distance, 
and often jiuts on a coat of enticing verdure when the plains and 
downs arc parched and withered. It will grow almost on the 
surface of a hanl rock, and in most jiarts oi the desert the becl- 
lock IS covered with but a sliallow coating of soil. The result is 
like a thousand knitting-needles thrown into a confused kind of 
tangle, with all tlio points sticking upwards, and this tangle grows 
larger and more formidable every year, until a bush fire happily 
sweeps it away and a new growth starts. Much of t^is part of 
the continent is now known as the Australian Stepiies. The Lower 
Stefas extend over an area c()rros]K>nding mostly to the extent of 
the Cretaceous formation. Their prevailing aspect is characterized 
by flat and terraced hills, cajqied by desert sandstone, with stone- 
covered flats stretching over long distances. The country round 
Lake Eyre, wheifl some of the land is actually below sea-level, 
comes under this heading. The Higher Steppes, as far as they 
are known, consist of Ordovician and Cambrian rocks, with an 
average elevation of 1500 to 3000 feet above sea-level. Over this 
country water-courses are shown on majia. These run in vet 
seasons, but in every instoiice for a short distance only, and 


sooner or latter they are lost in sand-hills, where their waters 
disappear and a line of stunted gum-trees {ijticaJyptus rofitrata) is 
all that is present to indicate that there may be even a soakage in 
these supposed rivers. 

Another notable feature of the interior is the so-calIet1 lake area, 
a district stretching to the north of Spencer Gulf. Thesti lakes 
ore axiMmses of brackish waters that spread or contract as the 
season is one of drought or rain. In seasons of drought they aie 
hardly more than swamps and mud flats, w'hirh for a time may 
become a grassy plain, or desolate coast encrusted with salt. The 
country around is the dreariest imaginable, the surface is a dead 
level, there is no heavy timber and practically no settlement. 
Lake Torrens is sometimes 100 miles in length. To the north 
again stretches Lake Eyre, and to the west of Torrens Lake, Lake 
Gairdner. *Some of these depressions are at, or slightly below, sea- 
level, so much so that a very slight depression of the land would 
connect much of the interior with the Southern Ocean. 

Along the« entire coast there extends a succession of mountain# 
ranges from Cape Howe to Cape York. These constitute a Cor- 
dillera stretching 1700 miles from north to south, 

Several points rise to heists of from 4000 to 6000 feet, 
mostly as isolated peaks. Towards the south-eastern ^•^**** 
comer of the continent the peaks come closer, clustering around 
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Mount KoBoiusko (7828 feet), and are here known as the Auatralian 
Alpa. North of Koeoiueko the Main Divide niergea into the Blue 
Motmtains and Liverpool Ran^je. The high land continues roughly 
parallel to the coast, and with genoruly diminishing altitude 
through Queensland to Capo York. Near the Queensland border 
Mount Lindsay rises to a height of 5500 feet. In the latitude of 
Brisbane the chain swerves inland ; no other peak north of this 
reaches higher than Mount Bartle Frere in the Bellenden Ker 
Range (5438 feet). The Southern Ocean system of the Vietoruin 
Dividing Range hardly attains to the dignity of high inountains. 

An eastern system in South Australia toucliea at a few points a 
height of 8000 feet ; and the Stirling Range, belonging to the south- 
western system of South Australia, reaves to 2340 feet. There 
are no mountains behind the Great Australian Bight. On the 
west the Darling Range faces the Indian Ocean, and extends from 
Point d’Entreoasteaux to the Murchison River. North of the 
Murchison, Mount Augustus and Mount Bruce, with their eon- 
neoting hijj^hlands, out off the coastal drainage from the interior ; 
but no point on the north-west coast reaches a greater altitude | 
than 4000 feet. Several minor ran^s, the topography of which 
is little known, extend from Cambridge Gulf, behind a very much 
broken coast-liiie, to Limmen Bight on the Gulf of Car^ientaria. 
Nothing is more remarkable than the contrast between the 
osftoct of the coastal ranges of the north-east, and oii the south- 
east of the continent. The higher Australian i»caks in the 
south-east just look what they arc, the worn and denuded stumps 
of mountains, standing for untold ages above the sea. Their 
shoulders are lifted high above the tree -line. Their summits 
stand out gaunt and lonely in an unbroken solitude. Having left 
the tree-line far behind him, iiotliing is visible to the traveller lor 
miles around but barren i)eaks and tom crags in indescriluible 
confusion. A verdure of uerbago olothos the valleys that have 
been scooped from tho summits downwards. But there are no 
perpetual snow-fields, no glaciers cn^cp doam these valleys, and 
no alpine hamlets ever appear to break the monotony. The 
inountains of the north-east, on the cuntraiy, arc clotheil to their 
suinniits with a rich and varied flora. Naked crags, when they do 
apiicar, lift themselves from a sea of green, and a tropical vegeta- ; 
tion, quite Malaysian in character, covers everything. ! 

The absence of active volcanoes in Australia is a state of things, 
in a geological sense, quite new to the contiiieiii. Some of tiie 
volcanoes of the western districts of V ictoria have been in eruption 
probably sulisoiiueut to tho advent of the black-follow. In some 
lustiuces tho cones are quite intact, and tho beds of ash and 
scoriic are as yet almost uiiatrocted by denuding agencies. As late 
as 1 859 an otiserver wrote in the Quarterly Journal of the OeolwjtceU 
Society that, with one doiibtfid exception, Australia was a nou- 
voleaiiio continent. The exception referred to is Mount Wingeii. 
Bui even here tliere is nothing in the least resembling volcanic 
conditions. Some coal seams have been burmng for ycare, giving 
out much smoko and steam. Mount Wiugeu was, m the eyes of 
the settler^, as it was in fact, a “buniiiig mountain.” Late in 
the Tcrtiaiy period vast sheets of lava poured from many points 
o' tho Groat Dividing Range of eastern Australia. But it is 
notable that all recent volcanic action was confined to a wide belt 
parallel to the coast. No evidences of recent lava flows can bo 
fuunil ill the interior over the Great Alluvial Plain, the I^wer, or 
the IHgher Steppes. Nor has the continent, as a whole, in recent 
times been subjected to any violent earth tremors; though in 1873, 
to the north of Lake Amadeus, in central Australia, Giles rocord.s 
the occurrence of earthquake shocks violent enough to dislodge 
consiilerable rock masHcs. 

'riie Barrier Reef forms the prominent feature off the north-ea.st 
( oast of Australia. Ranging for a length of 1200 miles, it i.s the 
. greatest of coral reefs, ancient or modern. The channel 
Bamer between the reef and the coast is m places 70 miles in 
width and 60 fathoms deep. Flinders descrilwid the 
Barrier Reef in his Voyage to Terra AiUtralis ; and tho Admiralty 
chaiia give niuoli information as to soundings, &c. Our knowledge 
of the fauna of this richest of hunting grounds for the naturalist 
is very incomplete. Interest naturally centres in tho coral polyp 
and its stony structure. Photographs have shown us what the 
physical features of the reefs are. Tho Hou. R. Abercromby a 
photographs, taken at Fiji, were probably the first ; but Saville 
Kent, Agassiz, and other observers, have made us fairly w^ll 
acquainted with the conditions presenting themselves on this 
great tract of growing laud. The first point to strike a visitor to 
tlio Barrier ^ef is the abundance of soft coral, or branching polyp- 
arios without a stony nucleus, and tho abundance of nulli|»ros 
and other plant-like oiganisms. Much of the pink and lilac 
• coloured patches that catch the eye prove on examination to bo 
iiuliipores or coralline seaweeds. There are jiatches of pobblen 
and boulders and fine sand everywhere, but each particle “ 
a living thing. The patches of cowl grow more or loss after the 
manner of fiury rings — the outer edgra flourishing and the inner 
dying and brwPdng into coral dobrio. The leading forma amonpt 
tno wrol maoMi expoaed at ywy low tidoa ore the branching 


madrepores, the rounded masses of brain coral (roeaiidriiia), and « 
poritos. A field of inadreiiores is suggestive of miniature shrub- 
bery, with plants, having the aspect of young nines. Tho coral 
is of every hue and colour, and not a little is added to the splen- 
did scene by brilliant-hued fishes and bright and gaily -colouml 
bca-aiiemones (actinia), the latter often being more tliaii 18 inches 
111 diameter. The beautiful dtstic/ugiora eoceinea resembles some- 
what the true red coral and is very abundant ; but the lod coral 
itself IS not to be found llcUopora ooernUa^ the Isjautiful blue 
coral, is not rare. Thib lemarkable sjiecies lias the ston>' frame 
work of a bright blue, the coloiiung matter of most coiuis lieing 
ooiifined to tho ** floKliy ” coveiing. On tho reef there is ala ays to 
lie found a gioat abtindaticc of shells, living and dead. In apjieai 
aiice, the living spi^cimeiis of iiiaii^ of the handsome 8|ie<‘ias are 
disappointing, but the ciabs, tilar-fislics, and great clam shells are 
conspicuous. Sea-cuuumbers abound, so much so that tho b6cho- 
de-mcr fisheries bring in more than £20,000 a-year. These inter- 
esting holotlmruns are collected by hand at low water, and sent 
to the Chinese markets after being cured by drying and smoking. 

“ Rock oysters,” too, are pleiilifuT, and tho blocks thrown up by 
the waves are soon encrusted with the well-known and delicato 
8|iocios otArea glomerata. 

There is nothing to be seen on or around the OrP4it Barrier Reef 
that might l>o urged as a serious objection to Darwin’s well known 
subsidence theory Any facts noted us inconsistent with prolonged 
steady subsidence might have been <>aiis(Hl liy a very slight U})heaval. 
The few clear openings iii the ivhole length of the outer ramjiart 
of the Great Bairier Beef an* opjiosed to largo estuaries. But 
being 80 to 90 miles away, they aie not, in all probability, caused 
by fresh water from the land. Such bieaks, boutvei, are strong 
evidence in favour of subsidence. The old rivei chiinuela, alrcadv 
referred to as being below sea-level, as well as the former land* 
coniioxioii with New' Guinea, all point to the conditions assumed 
by Darwin. 

KXfLOJlATION. 

By the end ot the year 1873 the whole of the eostein poi- 
tion of Australia bad been explored, the unknown part of the 
continent being coiilined to the inteiioi ot West Austiaha 
and those districts of South Austiali.i north of tho Maudunncll 
Range and west of the overland telegraph hue. Sevcial attempts 
had been made to cross tho colony of 'West Australia in the 
(lircctiou of east and west, but even Major AVarlnirton’sexiieditiuii, 
the most successful of these, had failed in the importuut [lartieulai 
of determining the nature ol the countiy through which it iiosscd. 
Major Warbmton had virtually raced across from the Maeaoniiell 
Range in South Australia to tfic head wateis ot the Oakovor river 
i on the north- w’est coast, without allowing himself sufficient time 
to note the characteiistics of the country.^ The next important 
extteditioii was differently coiiductcnl. John Forrest was desiMitclidf 
by the Perth Government with general instructions to obtain infoi- 
mation legarding the immense tract of country out of wlucli ffow^ 
the rivers felling into the sea on tho northeiii and western shores 
of West Australia, having Yewiu, a small settlement about 
lat. 28^ south, long. 116" cast, Forrest travelleil north-east to the 
Murchison river, and follow'cd the course of that river to the 
Robinson Ranges; thence his course lay generally eastward 
along the 26th |)arallel. Fonest and his party safely crosseil 
the entile extent of West Australia, and entering South 
Australia struck the overland telegraph line at Peake station, 
and, after resting, journeyed soutli to Adelaide, torrest traverseil 
seven teen degrees of desert in five mouths, a very wonderful 
achievement, more cs|iocially as he was able to give a full 
report of the country through which ho passed. His re|K)ii 
destroyed all hope that pastoral settlement would extend to 
the spiiiifox region ; and the main object of subsoqueut explorers 
was to determine the extent of the desert in tho direction of north 
and south. Ernest Giles made several attomjds to cross the 
(Viitral Australian Desert, but it was not until his third attempt 
that ho was suwessful. His journey ranks almost with Forrest’s 
in the importance of its roaults and tho success with which tbc 
appalling difficulties of the journey were overcome. Through 
the generosity of Sir Thomas Elder, of Adelaide, Giles’s cxi»edi- 
tiou was equipped with camels. It started on the 23rd May 
1875 from Fort Augusta. Working westerly along tho line of 
tho 80th parallel, Giles reached Perth in about five months. After 
i-esting in Perth for a short time, he commenced the return 
iouracy, which was mode for the most ^lart between the 24tb 
and 25th parallels, ami again successfully traversed the desert, 
reaching tne overland telegraph line in about seven months. 
Giles’s journeys added greatly to our knowledge of the char- 
acteristics of West and South Australia, and ho was able to bear 
out the common opinion that the interior of Australia west of 
182'* E. long, is a sandy and waterless waste, entirely unfit for 

The list of explorers from 1875 to 1900 is a long one ; but after 
Forrest's and Giles’s exiieditions tho main object ceased to be tlie 
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discovery of pastoral country : a new zest had been added to the 
cause of exploration, and most of the smaller expeditions concerned 
themselves with the search for gold. Amount the more important 
cx})lorations may be ranked those of Tietkins in 1889, of W. 
Lindsay in 1891, of Wells in 1896, of Hubhe in 1896, and of the 
Hon. David Carnegie in 1896-97. Lindsay’s expedition, which 
was fitted out by Sir Thomas Elder, the generous patron of 
Australian exploration, entered West Australia about the 26rh 

i iarallel south lat., on tlie lino of route taken by Forrest in 1874. 
I’roru this point th»j explorer worked in a south-westerly direction 
to Queen Victoria Spiiiigs, where ho struck tlio track of Giles’s 
expedition of 1876. From the Springs the expedition went north- 
west and made a useful examination of the country lying between 
and 116’ meridians and between 26^* and 28” south lat 
Wells’s expedition staitod from a base about 122” 20' east and 25” 
54' south, and worked northward to the Joanna Springs, situated 
on the tiopic of Capricorn and near the 124th meridian. From the 
springs the jouinoy was contiiiuod along the same meridian to the 
Fitzroy river. The country passed through was mostly of a for- 
bidding character, except whore the Kimberley district was entered, 
and the expedition suifored even more than the usual hardshi])a. The 
cslahliHliiiiont of the gold-fields, with their largo population, caused 
great iiiioiest to he taken in the discovery of jiracticahle stock 
routes, es)>ecially from South Australia in the east, and from Kim- 
berley district in the north. Alive to the importance of the trade, 
the ^outh Australian Government despatched Hubhe from Ood- 
iiadatta to Coolgardie. He successfully accomplished his journey, 
but had to rejiort tliat there was no practicable route for cattle 
between the two distiicts. 

One of the most sui'cossful expeditions which traversed West 
Australia was that led and equipped by the Hon. David C’arnegio, 
winch started in July 1896, and travelled north-easterly until it 
reached Alexander Spring ; then turning northward, it traversed 
the country between Wells's track of 1896 and the South Aiistm- 
lian holder. The exiiodition eiicoiiiilered very many liardsliips, 
but successfully reached Jlall Creek in the Kimberley distiict. 
After a few moiitbs* rest it started on the return journey, following 
Sturt Creek until its termination in Gregory’s Salt Sea, and then 
keeping |»amUGl with the South Australian border as far as Lake 
MacDonald. Rounding that lake the expedition moved south- 
west and reached the settled districts in August 1897. The 
distance travelled was 5000 miles, and the actual tune employed 
was eight mouths. This expedition put an end to the ho}>e, so 
long entertained, that it was possihic to obtain a direct and 
practicable route for stock between Kimberley and Coolgardie 
gold-fields ; and it also proved that, with the possible exception of 
small isolated patches, the desert traversed contained no auriferous 
country. 

Gkology. 

All the great formations familiar in the northern hemisphere 
are represented in tlio geology of Australia, which is in no way 
exceptional, either in the character of the rocks or in the zones 
of life that characterize tlioin. 'i’he oldest rocks aic of pre- 
Cain biiaii age, but little of their life- history ivS know'ii. If difler- 
eiices, rather than rcseinblauces, bo dw’clt on, there are many points 
eoncorning Australian geology iii strong contrast to tuiilIi that 
Euiopcan geologists have been accustomed to. As lias already been 
said, there me no volcanoes on the continent, and all over the vast 
interior there is a g^Tieral absence of igneous rocks otlicr than 
gr.inites. Rasalt is almost unkiiow'ii except on an outside belt of 
the country longhly parallel to the coast. There are no solfataras, 
fuinerolcs, or geysers, and very few hot spiings. There is no such 
thing as perjieiual snow, even on the higiicist mountain, no glaciers 
or glacier lakes, and not a single mountain range with an Alpine 
structure. There is a notable absence of magnesian limestones, 
and phosphalc-bcariiig rocks are unknown. There is an equivalent 
of the red saiulstnnes, but no salt beds and no gypsum. There is 
evidence of glacial action in Permo-Carboniferous times, during 
which i>enod a great ice -sheet extended over a considerable 
portion of Au»traha, and evidences of recent glaciation at Mount 
Kosciusko are most pronounced. In the matter of folding we 
find the Australian, Cambrian, Silurian, and Devonian, all 
giving evidence of earth movements. The Silurian rocks in 
particular have been so folded and so intensely compressed that 
we usually find them over wide areas, vertical or highly inclined, 
and almost invariably with a meridional strike. All over the 
continent other formations laid down subsequent to those 
named are spread out in vast sheets, never showing a high angle 
or dip, and nowhere resting at any great height above sea- 
level. The Carbcaiiferons rocks are also folded, but to a lesser 
degree than the Devonian, and of course in a demree not to be 
compared with the Silurian. The intense folding of the Silurian, 
taken toj;|ether with the lithological character of its sediments, 
separates it at once from every other formation ” in the Australian 
gwlogical column. So marked is this that throughout Australia 
rocks may be safely classed as Silurian if thev show over consider- 


able areas a slaty " structure, a high angle of dip, and a meridional 
strike. 

Against these facts may bo placed others showing stroi\g re- 
semblance between Australian and Eitro|>ean geology. The physical 
geograjdiy and the life of the Paleozoic and Mesozoic periods are in 
wonderful accord with those of other continents, 'rhe great develop- 
ment of coal in the Upi^or Palaeozoic conforms to the northeni con- 
ditions. Hie general typos that cliaracterizo Cretaceous rocks are 
also present, plesiosaurs and chambered shells, such as ammonites, 
being as characteristic of the Australian Cretaceous as they are of 
the Euroi^ean. The forms of life, too, that occur in the Triossio 
of Em ope, and even North America, find tlicir counterjiart here. 
In the hliales round Sydney, which are admittedly of Triussio age, 
the remains of a giant labyriuthodon have been mioartbod, and, 
associated with it, fishes and plants quite in keeping with forms 
familiar in the European Triassic. 

Ill using such terms as Permian ” or Eocene " there is reason 
to supjiose that these periods in Australia might not have been 
quite synchronous with the European equivalents. Indeed it is 
not desirable to correlate too minutely Australian and European 
stratified rocks. We may even go fuither and say that it is ini- 
probablo that any single life zone was laid down exactly at the 
same time tiiat a similar life zone was bein^ built up in uorthoni 
Europe. One particular horizon iii the Silurian is characterized 
by the interesting chain coral (halysites). No one would contend 
that the chain coral “reefs” in Australia and in Europe wore exactly 
coniemnoraneouB. But the relative position of the halysites zone in 
the geological column is tlie same in Europe and in Australia, and 
the physical conditions that surround the growing coral are precisely 
similar. 


Some reference is made under the heading Fauna to the presence 
of “living fossils ” in Australia. Certain characteristic types, long 
extinct in tlie northern hemisphere, still linger in the Australnsian 
area. The Trigonia and the Hoterodontus, the Marsupials, Myrme- 
cobius, Ceratodus, and certain conifers and cycads arc examples. 
One genus of cycad (Zamia) is exceedingly common over all the 
mountain and coastal regions of oasiern Australia. It is a near 
ally of one of the most characteristic forms of the fossil flora of the 
Oolitic and Lias. In the well-known “dirt bed ” of the Portland 
quarries, Dorsetshire, the stems of these cycads arc to be found in 
(^cat abundance. 

The last feature of general import is the distribution of meta- 
morphosed rocks. The lower series of tbe Paheozoio show a certain 
amount of inetamorphism in conjiiiiotion with their highly inclined 
position. The Mesozoic rocks are much less altered from thoir 
ori|(inal plane of deposition, and any metamorphism notable is of 
a limited and entirely local character. Certain sandstone beds of 
Cretaceous age have been much altered by the deposition of hecoiidarj' 
silica. N o great alteration approaching to metamorphism is know ii 
to have taken place amongst Tertiary rocks. Scliistose structure is 
confined altogether to the low'or Palapozoic. 


J’ttlNCIPAI. AusrilATJAN Sr.DIMRNTAKY FORMATIONS, WITH bOMK 
cii\iiACTEBi8'rio Fossils. 


[ Rllknt 


I^Plei^tocenk , 


£ 

< 

K 

H 


Plidckke 


MiOi’BNR 


VEocenr . 


C Human I>onc8 aufl impIcTnents ; re- 
J mams of pIiiutB and aniniuls of living 
I specioR ; llinornis, Aptoriiis, OniiUio- 
V rnyrn’lnis. 

' Diprotodon, Macropus, Thylac.ulco, 
Tliylacinus, NothoftauruH, Megalanin, 
- DronioriiiH, Kchidiia, Meiolania, 
Piilorehestes, Dromueus, My lilut, 
81phoiialia. 

' Phasridomys, Procophnlon, 
ropas, Thylactnus, Tliylacoleo, Dl- 
protodon. 

SponilylOMtrohuB, Wilklnnotiia, Pen- 
teune, and other fosNil fruits, In old 
\“Uad8.“ 

Naasa, Margtnolla, Ancilla, Cancel. 
• laria, Natica, LelspyrsM, Nucula, 
l*ngr)iiia. Chlrtiie, Meror, Tellina. 

' Flabnlluni, Placotrochiis, Terebratu- 
lina, Cuculaea, Corbula, Nassa, Voluta, 
Marginella, Aturia, Murex (upwards 
80 Bp.), Triton, Milra, Fusus, Katica, 
.Oorithium. 




Cretacxoos . 


f JURABSIO 


^Triassic or Trias-Juba 


^ IchthyoBauniB, PlesioBaurua, Am- 
inonltes, Belenmites, Cidaris, Avic- 
ula, Trigonia, Baculites, OtoduH, 
Clinlioiiaurus, Mactra, InoceramuB, 

. Maccoyella. 

’ Taxites, TienioptcriB, Thlnnfeldia, 
Podommites, SpnmiopteriB, Lepto- 
lepia, Coccolepia, Aphnelepig. 

^ Teniopteria, Sageiiopteria, Cycad- 
opteria, Alethopteria, Macrotipni- 
opteria, Bphenopteria, Pecopterla, • 
JeanpauUa, Podoaamitaa, Equiaetum, 
Oleaudridium, Ottelia, Bchlaoneura, 
Gingko, Zamitea, Thinnfeldia. Pbyl- 
lotheca, Platycepa, Unionella. Ss- 
theria, Tremanotua, Falnonlacns, 
Hyriolapia, Maatodonaauros, Unio, 
^Priatiaomua, Oleithrolepia 
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^tRMO-CARBOmrBBOVS . 


OARBORirBBOOa 

Dbtokian 


• OloMoptoriB, Phyllotheoa, Verte- 
bimriA, Bphenouteriii, AiiuuUria, 
Spliifco:, PachydomuH, Produoitts, 
Orthocoras, Gonularla, MartinlojialM, 
SurydeBma, Platyconw, L«aia, Gttu> 
gamoptorlM, Aviculopocten. Notomya, 
^Swiguliiolitwi*. 

( ilnauopteria, Lnpidodendron, Oala- 
f mites, ArohetKHiteriH, Siuillarta, Lmco* 
I Items, Kuompfialitii, Splrifor, Orthis, 
I L^tieim, Phyllothecs, Fenestella. 

/ Lepidodendrun, Cyolostigma, Bplri- 
J fer. Hiiyiichonolla, Atiyiiu, Oruits, 
Urthocerae, Asturolepis, Pturonitea, 

. MurchiHOititt. 

Atrym, PontameruM, Halysites, 
Qmptuliles, Phaco|m, BroriteuH, Caly 


Silurian . 


V^Gambrian 



I 


ravoHiuis. ueliophyllum, PhtllipsHH- 
trea, ilhisophylluin, Coltimnario, 
Petraia, Lichaa, Syriiigopora, Cyclo* 
netna, Bolleroplioii, PalwaatHr, Niso, 
Trochua, Aaaphus, Beyrichia, Cyi»h- 
^aapis. 

{ Oonoceplialitos, Dolichometopus, 
Dikelooephaliia, DineaiiH, UleiielluH, 
Salturella, Orthiaiiia, Ijepei’ditia. 


Tablr, bhowinq the General Succkssion op Ausiualian 
Strata. 

SrsTBM. Some Typical Examples. 

^^Balaed beaches. — Victoila and West Australia 


Per. 

lUD. 

^ rREORNT 




PUOCBNB 


Miocene 


Eocene 


/! 


/•Cretaceous 


Jurassic 


I Tuiabsic, or Tri- 

AS.J UHA . 


^PERMO.OAHBnN. 
IFEROUB . 


Oarboniferous i 


its 

aS-g 

1^- 

sis 

a 60 9* 

1 8.2 


■and loams for foiiniiig thnso. 

Alluvial flats and great plains of the interior. 
Pleistocene . Raised Iteaches of the nortli^weat coast, Taaiiiania 
V.Iiar 2 e area In the south-east of South Austialia 
^ Limestone creek beds, south we8tVictoria,contain- 
ingaboutSOperceiitofliviiiginolliiHca Vulcamcash 
b^s of Mount Gambler. Maiuiiialiferous sandy clays 
oontaiuliig diprotodon. Ac., Manimalilenms cave cfe. 
posits of New Uoiiih Wales and Victoria ; freshwattfr 
limestones of the Geelong district. Newer basalts at 
Werriboe, Geelong, and Caiu(ieniown, Victoria. 

Marine sands of the Dry Creek and Cnivdon lioras, 
South Australia. Oyster beds of the Murray river 
^ clltTs and Aldiiiga Bay, South Australia. Calcareous 

t '' sands and clays of Jemmy’s Point, Gippsland, and 
the upper beds at Murray Creek, near Hamilton, 
West Victoria. 

Gaiiarally-^limestnnes, clays, and sands from the 
Snowy river, Gippsland, to the Great Australian 
Bight; also from Geraldton to Hhatk Bay, Western 
Australia ; and Table Cape, Tasmania (all marine). 
Plant beds of Einmaville, New Honth Wales. 

No marine beds of Eocene^ Miocene^ or Pliocene 
age are known eaet of ihp Jlfatn Jnmding 
Mange in New South Wales or Queensland, 

Up per Cretaceous. —Desert sandstone of 
Queensland. 

Lower Cretaceous —Rolling Downs for- 
niation of Queensland. Arttisiun watci- 
bearing beds of north •western New Mouth 
Wales. Kennedy Range and Oosroyne 
river, West Australia 
Beds with fossil Ilsh. Talbragar river. 
New South Wales, tkilitic limestone of 
Champion Bay district, West Australia 
The Hawkesbury sandstones and 
^ associatisl shales of New South Walca, 
Lower Mesozoic rocks of the Clarence 
^ £ S river. The Ipswich and Bui rum beds ol 
a S?*® c3 Queensland with IVrtJopteris TheUpi*er 
2 3*^s Ci).il Measures of Tasmania, and the 
c:a.g3 Collie Creek Coal Measures of West 
£ 8 > S Australia aie considered to lie of Meso' 

‘ Eoicago. 

' Coal Measures of New Bouth Woles, Newcastle, 
Illawarro, and Lithgow, with (Ih^ssoptens. Up|ier 
and Middle Bowen river foiTuatiuns, Queensland 
Collie river and Irwin river, West. Australia Tas- 
maiiite beds, Mersey and coast about the estuary 
V.of the Derwent, Tasman i a 

Port Stephens district, New Bonth Wales. Oyin- 
pie, Lower Bowen, and Star foriiiations. Queens- 
land. Also Uio Lower Coal Measures of Tasmania 
Mount Larobio sandstones, Rydal, New South 
Wales. Avon river and Mount Tam lio beds, Victoria. 
Dryonian . . ■{ Burdekin beds, Queensland. Sandstones and grits, 

Kimberley, West Anstrslia. Fingal slates, Tas- 
man 1 a 

( Highly-inclined cUy slates and talcoso slates, 
New Booth Wales, Bouth Australia, and Went 
Australia and VictoriA Graptolite beds of 
VictoriA Yass and Moloiig limestones, New 
South Wales. **LBrapintine'' limestones, Mac- 
donnell nuiges. Queen river schists and slates, 
and the Goraon river group, TasmaniA 

f OUnelliM and SaltereUa iwds of Kimberley, Wimt 
Australia. Ardrossan beds of South AustrallA 
Magog and Caroline crook grouiw, Tasmania. 
YorkrB Peninsula series. South AnstrsIiA KiiU' 
berley, West AustrallA Heathcote. VictoriA 
J Quartslte and some metamorphlc rocks of Tas- 
VPRB-GAXBRIAN . Mount Lofty Bulges, Bouth Australiu 

Of the seven sub-kingdoms of living things, no less than five are 
represented in the Australian Cambrian. If we except vertebrates, 
we have therefore at the very dawn of life representatives of the 


animal world as we know it to-day, — types which aie in no sense # 
embryonic. We cannot here, any more than elsewhere, work back 
far enough to get near to the beginnings of life. The , Mma 
animals on the Cambrian sea-shores were graded and ^•®*"*®* 
grouped no less exactly and definitely ilian tlie invertebrate fauna 
of the present coast-hiie. Mammals, birds, reptiles, ami fishes are, 
of cour^, absent ; but it must strike one as rcmarkahlu that 
foraminifora, 8)K)nges, corals, hydroroans, entomostraca, trilobiies, 
hrachiopods, laniellibranehs, gasteroiiods, and pteropods, should 
bo present in that far-oil epoch jiretty inueh aa we see them to day. 
Cambrian rocks are known lu Yorke’s Peninsula, South Australia, 
and near Leigh’s Creek, 800 miles to the north of Adelaide. 
Cambrian locks have Iwon described in the Kitiiberlcy district oi 
West Australia containing such World-Wide forms BANcUterclla and 
OlcTwltm, The Macdonncll Kaiiges of Central Austiaha are eou- 
siderodalso of Cambiian ago, and, like nil the Australian Cambrian, 
are of marine origin. Some of the Cambrian bods uere laid down 
in shallow watets, as lipple-marked nuartzites and current-bedded 
sandstones are known to occur. No coutemporaueons igneous 
rocks are known. The Cambiian shows evidence of muck fold- 
ing, and it is evident that the earth moYements giving rise to the 
folds took place before the de}> 08 itioii of the succeed mg Silurian. 
The Maodoniiell Range, usually legardod as Cumbrian, consists of 
conglomerates, limestones, and slates, and thehc coiigloiueratea 
are the first evidence of the existence of any land in Australia. 

The Silurian system is well rejn oseiited over Australia. Quite 
one-thirtieth of the aiea of the continent is covered by rocks of 
this age. In the colony of Queensland, however, the - 

Silurian is not developed to any considerable extent. 

Tlio Australian Silurian consists of Baiidstoues, inud-Ktones, con- 
glomerates (rare), slatc.s,'’ and limestones. O^cr a great araa of 
ilio country highly iiiclinod mud -stones are known as Silurian 
“slates.” The cleavagn of these rocks corrt'sponds to the bedding 
planes, and they are, therefore, not true slates. Nowhere has the 
Australian Silurian been subjected to bueh mb use metamorphism 
as to develop cleavages across the deposition planes. The Siluiian 
beds have been tilted, toldcd, and broken ; but the conditions 
necessary for the production of rocks rosemhling, say, the Bangor 
slates, were not present. The mud -stones of Victoria have yielded 
nn abundance of Graptolites, and these interesting fossils have also 
been found in New South Wales. The richest fauna, liowever, 
has been discovered in the limestones. Euiopean forms, made 
familiar by text -books, are well represented, as, fur instance 
— IIalysUe*if Favosilr^, SyitnpoporOy PhUipstudrca, amongst the 
corals ; PhawpSf Jirontcus^ ami Culymnic^ amongst the tnlohites 
ReeeptmafUea is also known, toother with Pentmtierns, and a 
number of Spirifers. So far as is known, the Silurian beds are 
marine. No contemporaneous igneous rocks have been discovered. 

In Victoria tlie Upper nnd Lower Silurian have an aggregate thick- 
ness of Sfi.OOO feet. In New South Walesa section has been mea 
sured at Moloiig showing a thickness of 3000 feet. The “slates ” of 
Silurian age arc often seen to rest directly on granite their bedding 
pianos standing vertieally and rising dii ectly ti om the granite. The 
granite is not, therefore, the oiiginal lied-rock on wliieh the slates 
w’oro laid down. There is abundant evulenco to bhow’ that much of 
the granite was intruded amongst the “ sl.itcs” after the latter were 
left highly iiicliued by intense folding. 'I'lie'^e gnuiites are therefore 
younger than Silurian, and, as tlicy do md intrude on tlm Carbon- 
iferous higher iij) in tlie senes, they are piohably of Dovoniaii age. 

Some interesting caves have been discoieietl in the hnieslorics of 
this age. The Austialian black-fellow has left us no history in 
connexion w'ith them. Ceitain lock shelters have been nsea by 
the aboriginals, but of the limestone caves they evidently made no 
use The living ahmiginal avoids even their vicinity. The 
Wellington caves of Ni*w South Wales have been eroded through 
liniestoiies of Silurian ago. Breccias Rocimmlated through oi>c*ii- 
ings from tlie surface, ami yielded a senes of most ifitoresting giant 
marsuiualH, first drawn attention to by Sir Kichard Owen. In 
fact, the whole iin]>ortanco of these caves lies in the scientific value 
attached to tho fossils referred to. From a scenic point the 
caves are uninteresting. Tho Jcnolaii caves of New South Wales 
are also eroiied from limestones of the same age. They have 
yioliiod no fossils of esiK'cial interest, but are widely known for 
their beauty. Geologically, the existence of the caves depends on 
tho fact that a bar of limestone runs almost diroctly across a 
deeply eroded valley,— water, tho giant sculptor of mountains, 
having found it easier to mako for itsolf a ^lassuge by dissolving 
the liiiicstoiies than by eroding them to the valley level. 

In Australia there is a groat development of stratified rocks up 
to *23,000 feet iii thickness, miconformable to tho older Silurian 
and the overlying Carboniferous. The life of thc^i»eriod 
is also clearly distinct from that of the preceding and 
the succeeding rooks. Here for the first time in the geological 
record we meet with contemporaneous igneous rocks. The Snowy 
river porphyiies of Victoria and certain felsitcs in the Braidwood 
district, New South Wales, roust be considered the results of 
volcauio outbursts in Devonian times. In Queensland, Devonian 
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^ rocks quite 20,000 feet in tiiickness have been measured, fonning 
erne unbroken series. Devonian rocks are developed laigely in 
Western Australia. There is one belt 200 miles long, from the 
Saw Ranges to the Lubbock Range. Interbedded toeous rocks, 
brecciiu, and ash-beds arc known, up to 100 feet in tuickuess. In 
the Kimiterley district of the same colony there are grits, con- 
glomerates, and limestones and slaty sliales of Devonian age, 1100 
feet in thickness. The earliest laud plant indicating a land flora 
for Australia is DkrafwphyUum AiiatrcUieum from the middle 
Devonian of (Queensland. Remnants of old land areas which 
supported a land flora are also preserved near Mansfield in 
Vuitoria, also near Twofold Bay, and at Kydal in New South 
Wales, liocks with a thickness of quite 10,000 feet are doveloiied 
at Hydal (New South Wales). They contain the well-known fossils, 
Spiri/rra dUtfuncta and RkyruiJumeUa pUurodon^ occurring mostly in 
({iiart^ites. The senes is made up for the most part of reddish and 
pur|>lo shales, mud-stones, grit, and conglomerates. These show 
a strong uiicoiiformability with the underlying Silurian. The 
oci'uironce of LepUiodendron is remarkable, being found as it is 
exactly in the same horizon as the Spirifer named. 

'file CarbomferouH of Europe is remarkable for the great dcvelop- 
ineiit of workable coal-seams in the series. In Australia the 
Carboa^ greatest accumulation of coal is found in a subsequent 
It^rouM * *®*’*®® known as the Pormo-Carboniferous. The 

Australian Carbouiferoiis is obaractorized by such forms 
as Jjfpiiluderuiront Jihacopteria, Corduites^ Archa4tpieri8^ Upheiwptena^ 
and Palaioaiscid fish, and also by well-marked mariuo shells. The 
locks are therefore partly marine and partly fresh -water, and 
cvi lenco of contemporaneous igneous activity is loft by a great 
variety of rocks ranging from felsites to basalt. Carboniferous 
beds ncli in fossil ]>lauU can be traced from Quf^enalaiid through 
New South Wales The Carboniferous rocks of Queensland are 
coiiveiiieutly divided into (1) Gympie series, which has been 
tiiea.sure(l up to 21,000 feet in thickness, on the Hodgkinsou gold- 
field. The chief fossils are the marine forms — ProloreUpora ampla^ 
VroduHm eora and MarUnia mbradiata. associated with Lepuio- 
d^mlrim: (2) the Star formation, made up of slates, conglomei- 
atus, saiidstoiios, and a thin band of limestone — the whole reaching 
up to a thickness of ltf53 feet. Lepidodendrmi is also abundant, 
and Ct/elosHgim, with the marine forms, Phillipsia duhia and 
Jifiipudmiella pkurodon» The Carboniferous rocks of West 
Australia consist of limestone beds interbedded with shales, layers 
of gypsum, and traces of rook salt 1000 to 1300 feet in thioktiess, 
and a series of freshwater sandstones, with a thickness of 1800 feet. 
The Silnriaii, Dovoniau, and Carboniferous, with their associated 
ii^neous rooks, arc the sources of all the metalliferous deposits in 
Australia, the alluvial leads being of course derived from the wearing 
down of those formations. The well- known M omit Morgan mine may 
]>erhatHi bo noted as an exception, for we have hero a geyser deposit, 
of Upfior Meso/oio or Tertiary age, in a Permo-Carboniferous area. 
No rocks newer than the Carboniferous are known to have had 
iiietalUrerous deposits in the sha[X) of lodes formed amongst them. 

IVrmo-Carboiiiforous is a term originally proposed by Mr Robert 
Ktlioridgo, jun., for a formation ** distinguished by a copious marine 
p fauna partaking of a Carboniferous and Permian nature, 

Cmrboa* which ly copod iaceoiis plants wore almost 

lieroua, entirely absent." Anyone familiar with the Carbonifoi - 
ous rocks of Europe will remember that the most cliar- 
acteristio fossil plant is Lepidodendrofi. Tliis is absent in the Coal 
Measures of eastern Australia ; and in its place we find plants, 
and one form in particular, with quite a Mesozoic aspect. The 
fern referred to is Gloasopteris. This beautiful fossil plant is found 
associated with workable Coal Measures over great areas of the 
continent. The Permo-Carboniferous rocks of Easteni Australia 
are (mite 10,000 feet in thiokness. The lewer beds oontaiu coarse 
conglomerates in great abundance and a very distinctive marine 
fauna. The upper beds are made up for the most ])art of finer 
materials and are of freshwater origin. The whole series is thus 
divided in the type district, Newcastle, as follows : — 

' The ■earns of coal worked at Newcastle 
belong to the Upper Coal Measures. The 
beat known in the NbwcabtlvCo al MsAatnuts 
are, in descending order— (1) Farbury’s seam ; 
(2) Great Northern seam ; (8) Burwood seam ; 
(4) Dirty seam ; (5) Yard seam ; (6) Borehole 
seam. f}lo$$ov4eri$ abundant. The Dkkmet 
Banns, 2000 feet in thickness, separate these 
coal Mcams flnom the underlying Tomaqo Coal 
MsAMnnas. 

’ Tlie Upper Marine Beds are about 6000 
feet in thickness. The following divisions 
are recognised in descending order (1) Beds 
with Crinoids and Sangvindites ; (2) bMs with 
abundance of Spirifers ; (8) Muree rock ; (4) 
.conglomerates. 

Greta Coal Measures, with no marine 
shells. Fossil plants abundant. GUmtopUrU 
common. 

' The Lower MARnnE Beries is about 2000 
feet in thickness. Ewrydema cordata Is 
. characteristic. 


Upper Goal Measures < 


Upper Marine Bekikh 


TjOwbe Coal Measures 


liOWBR Marine Series 


Quite fifteen seams of workable ooal, with an segregate thick- 
ness of 150 feet, have been opened up around Newcastle, New 
South Wales. It has been estimated that at the present mte of 
consumption the known ooal beds would last 8000 years.* The 
same series with similar fossils is known to occur in West 
Australia, Tasmania, and Queensland. A considerable amount of 
volcanic activity manifested itself at many jioiiits over what is 
now East and West Australia in Permo-Carboniferous times. 

Jurassic beds are said to underlie the Cretaceous to the north of 
Champion Bay, West Australia. Oolitic limoetones, giits, sand- 
stones, and clay ironstones make up the series. Some 
fossils have been described from Shark Bay, where Jnrmaale* 
they occur in ferruginous aud variegated limestones, 
clays, and ironstones, not unlike rocks of the some ace occurring 
in England. These interesting stratified rocks are all of marine 
origin. In other parts of Australia freshwater desposits contain- 
ing abundant plant remains are classed as Jurassic. A remnant 
of rocks of this age occurs near Qulgong (New South Wales). Hero 
some yellow ferruginous shales were fqund to contain abundant 
fish remains. The fish belonged for the most part to the Lepto- 
lepidcD^ and on the same slab could be seen land-shells, and 
impressions of Tteniopteris, The fossiliforous shales are in aitu, 
being laid down in an eroded hollow in the Hawkesbnxy sandstone. 

The tyfie district for Trisssic rocks in Aiistialia is Immediately 
around Sydney. Here the rocks are divided into three groups : 
(1) Wianamatta shales, 700 feet ; (2) Hawkesbury 
sandstone, 1000 feet ; (S) Narrabeon shales, 1600 feet. Trtmaaic- 
The whole series is characterized by the absenco of 
marine fossils and an abundant and decided Mesozoic flora. Fish 
remains have also been discovered. Much of the beauty of Sydney 
AS a city is due to the excellent building material supplied hy the 
Hawkesbury sandstone. Ascending from Peniio-Carboniferoiis to 
Triassic rocks we at once lose the characteristic Coal Measures 
fossil, Gloasopteris, Quite another fern characterizes Triassic rocks 
--Tceniopteris, In searching for artesian water in Western New 
South Wales, Tteniopteris beds have been discovered (underlying 
Cretaceous). After boring through these beds abundant supplies 
of artesian water were struck. The presumption, therefore, is that 
Triassic rocks, and not Cretaceous, are the source of artesian water, 
if not in Queensland, certainly in New South Wales. 

Queensland has a gi'cat series of coal-boaring rocks, known as 
the Burrum formation. The lower Burrum coalfield extends 
along the eastern coast-line from Point Cartwright on 
the south, to Littabella Ci'eek on the north, and Trlma^Jurm, 
stretches inland for an average distance of 25 miles. 

Its ai*ea is estimated at 3000 square miles. The Coal Measures of 
this foimation contain several workable coal-seams, of excellent 
finality tor steaming purj^sos. No marine fossils have been 
uiscovcred, but plants of the usual Mesozoic aspect are plentiful. 
]S^«wer than the Burrum is the Ipswich, also classed as Trias- Jura. 
This formation occupies an area of quite 12,000 square miles in 
the south-eastern corner of Queensland. The Ipswich formation 
contains excellent coal-seams. These beds contain no marine 
fossils, the whole being laid down under fi'esliwater conditions. 
There is an abundant flora, prominent form'- being — JEguisetutn, 
SpheTwptens, Thmrtfeldiaf and Tam/wpieris ; but OlossopUriSi so 
characteristic of the Now'castle Coal Measures, is absent. The 
Collie Creek Coal Measures of West Australia may be pro- 
visionally classed here. There is an important series of rocks in 
Tasmania, undoubtedly of Mesozoic age, comiioscd mainly of 
variegated sandstones, shales, and blue and wiiite clays. Tlie 
series frequently contains seams of coal of good thickness and fair 
quality. There are no marine fossils, but a great abundance of 

y lant remains with a decidedly Mesozoic asiiect. Mr R. M. 

ohustone considers that these beds probably cover the wliolo 
period from the close of the upper PalsBozoic Coal M ensures to 
the beginning of the Tertiary period. Some of these beds are 
probably of the same age as the Trias -Jura of Queensland. 
Ceitain beds in Victoria, about Cape Paterson^ Barabool Hills, 
and a series known as the Bellarane beds, consisting of sandstones, 
coal, and carbonaceous shales, may belong to this series. Tliey 
contain an abundant fossil flora, but no marine fossils. The 
leading forms are TimiopieriSt AlethopteriSt and ZwnvUes, Those 
rocks occupy four distinct areas, and contain all the known 
coal-bcaring rocks in Victoria. Tliey cover, at least, 4.000 square 
miles. 

The Cretaceous rocia cover an immense area in New South 
Wales, Queensland, North, West, and Central Australia. They 
may bo ^frouMd into three series — the lower, develojied 
chiefly in Western Australia ; the middle, in North- Crstmeooua. 
Western New South Wales ; and the upper, in Queens- 
land and over Central Australia generally. The Upper Cretaceous, 
to which belongs the widely -spread formation known as desert 
sandstone, must have covered more than one-fourth of the whole 
continent. This sandstone, it has been remarked, is a monument 
of the power of denudation. It is now found only in isolated 
fragmentary table-lands. Taken as a whole, the desert sandatonea 
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▼aiy greatly in oompoeition, in texture, and in general appear- 
ance ; but individual bede p r eeen r e their characteristics over 
very large areas. In Western New South Wales deposits of 
I excellent opal have been found in marls of Oietaeeous age. 
Theae marls are undoubtedly of marine origin. The opal is 
found filling in seams in the marls; but reptilean bones, wood, 
gasteropod shells and belemnitee are also found converted into 
noble opal of first quality. The silica of the opal is probably 
derived from diatomaceous and radiolarian tests in the marls. 
The Lower Cretaceous rooks of Queensland are believ^ to be 
sources of artesian water. The Cetaceous rocks of New South 
Wales were also supposed to yield artesian water. More re- 
cent investigatiou has shown that, altliongh the artesian bms 
are in many instances put down through Cretaceous rocks, the 
water-bearing strata briong to the underlying Triassic. The 
lower beds form the country known as the Bolling Downs. They 
consist of shales, Cretaceous ssudstones, with no great develop- 
ment of Caloareous rocks or limestones. The presence of am- 
monites and belemnites indicates a marine origin for these beds. 
Cretaceous rooks cover probably more tlian 300,000 square miles. 
It is estimated that the desert sandstone at one time covered an 
area of 500 sciuare miles, but has now >)eeti reduced by denudation 
to isolated taole-lands. The most striking feature in connexion 
with the Queensland Cretaceous rocks is their horizontal bedding, 
and their ooourrence in flat-topped, stop-out lulls. Ihe desert 
sandstone plains present a most desolate appcaiance, and foim 
somo of the |K>oroBt, the driest, and the most inhospitable territory 
of the continent. The Cretaceous rooks have been very little dis- 
turbed by the intrusion of the igneous materials. 

Marine beds of Eooene, Miocene, and probably Pliocene age 
occupy a large extent of country on the soutboni shores of 
the continent, extending from Gippkland away round 
Twiimry* to West Australia. Marino Tertiary must cover at 
least 20,000 square miles, and near Alelbounie very 
considerable thicknesses of Eocene rocks have been found. 
The Croydon boring near Adelaide shows a thickness of fully 
2300 feet of pre-Pliocene Tertiary strata. Tliey reach inland 
to the south-western comer of New South Wales, where they are 
over-lain by alluvial deposits of Pleistocene age. Tertiaiy marine 
beds are also known on the north coast of^J'asniania. Quite a 
different sot of beds occur inland in New South Wales, Victoria, 
and Queensland. There are also rooks of Tertiary age, but they 
were laid down under inland and freshwater conditions. Some of 
the beds contain in abundance fossil plants strongly suggestive of 
some of the earlier Tertiary European flora, Sumcieut is known 
now of the marine Tertiary beds of Australia to separate them 
into Eocene, Miocene, and Pliocene. 

Eocene , — Eocene rocks are particularly rich in fossils — the 
Eocene beds of Aldinga and Aaclaido being notable for gastero- 
pods, lamellibranohs, echinoderms and corals. The Eocene beds at 
Muddy Creek, West Victoria, ara even more prolifio, 649 species 
of molluscs having been recorded. The Koeono beds are made up 
of clays, oaloareous limestones, baiulstouos, bands of pebbles uud 
grits and shelly limestones. The proportion of living species of 
mollusca in Australian Eocene rocks nowhere exceeds 3} per cent., 
and the percentage is usually under two. 

Miocctu . — Miocene beds occur overlying Eocene rocks in the 
river Murray cliffs. At Aldinga Bay and llallet's Cove, on the east 
aide of St Vincent Gulf, Miocene lids rest directly on the Eocene 
— ^in both cases the newer rocks lying on the eroded surface of the 
older. At Muddy Creek, in Western Victoria, Miocene beds are 
also found overiying the Eocene, and near the Gippslaiid Ijakes 
they flank an Eocene escarpment. The Australian Eocene con- 
tains 15 per oeut of living forms. The rocks consist of blue clays, 
mottled sands, oalciferous sandstones, and sandy clays. 

Plioeenc . — Bores put down nt Dry Creek in South Australia 
show the existence of strata with a fauna comprising 210 species, of 
which 150 are mteropods, and 60 lamellibraiielis. As the beds 
contain about 27 per cent, of living species, Professor Tate pro- 
visionally called these beds Older niocene, ‘Hhoiigli in this case 
the percent^ system does not fully indicate the strong modem 
facies exhibited m this colleotion of fossils.” The Croydon bore, 
near Adelaide, passed through 406 feet of stratified rocks, some of 
which are of Pliocene Age. Some beds oocnmng in the south-west 
of Victoria, at Limestone Creek, have yielded an abundant fauna— 
the proportions of recent forms being 80 ^ler cent, —and ara con- 
sidered late-Pliooene. These rocks are wholly marine. Towards 
the centre of the continent, however, a totally difiereiit set of 
beds were laid down, mostly of lacustrine or alluvial origin. In 
Pliocene times much of the present arid interior was a well-watered 
country, supporting a luxuriant vegetation. The fauna of this 
^leriod inoluded many animals of astonishing proportions and most 
remarkable struotural oharaoteristica These larmr fomis were all 
marsupials, snd are now extinct. Species of diprotodon, noto- 
therium, phasoolomys, mscropus, and protemnodon must have been 
plentifblly distributed. To aooouiit for the existence of such huge 
nerbivores, we must suppose a well -watered country, with a 


luxuriant vegetation, in place of the present desolate and arid 
rmon of Central Australia. The lakes of the interior of Australia, 
which are for the most part rimply dead levels of white salt, must 
in Pliocene times have been magnificent sheets of water, set amidst 
rich tropical forests. Herds of giant manupials, birds as large as 
the New Zealand moa, saurians 15 feet in length (Nothoeaurue\ 
and gigantic monitors tenanted the country. Amongst the 
marsupmls, Diprotodon was the most notable, with a head 3 feet 
ill len^ln A kangaroo, with a skull as lar^ as that of an ox, 
{PedonheeUe azacl) was the largest known member of the kangaroo 
family. NoMJierlum, another great marsupial, almost rivalled 
the diprotodon. The remains of a lar^ro extinct wombat, dualling 
a tapir in size, have also been desenoed. Associated witii these 
was a skull with extraordinary adze-shaped teeth. Their long 
ohisel-like form suggested the name Seepamodon, There was also an 
animal (Kdalemve) probably the ancestral form of the living * * native 
boar.** The existing bear is an animal about 2 feet long, with a 
body made to look more clumsy by tho almost complete ausence of 
a talk The bear of to-day weighs about 20 lb. The bear of Plio- 
cene and post- Pliocene times was a similar animal, morn clumsy and 
more uuuneldy, if such can be pit^tured. Tho fossil form was many 
times as largo as tho ** native boar,** and would turn tho scale at 
500 to 600 m. The Sarcophtlue, or Tasmanian devil,'* is now 
e.xtinct on the mainland, but its remains are vory common in 
Pliocene and post-Plioccne drifts, from Victoria to Queensland. 
Anotlier animal that lived in the days of the diprotodon, is 
Thylaeoieo, a ^gantic ally of the phalangcrs. Tlio skull measured 
nearly a foot m length. Various theories have been advanced to 
explain the extinotiun of forms so vast and varied. The diying up 
of the lacustrine area had no doubt much to do with the change. 
Pliocene conditions continued into itost-Plioceno times. The absence 
of marine beds of this age over the continent makes our sub- 
divisions of this portion of tlie geological record someu hat arbitrary. 
The great alluvial plains are the work of rivers in post-Pliocene 
times, and much of the drifts and leads” containing gold and 
tin-stone are of tho same age. All the evidences of the pi’osence 
of man are confined to recent deposits. But although, geologic- 
ally considered, man is a recent arrival, yet measured in years liis 
existence is one of vast antiquity on the Australian continent. 

Granites may lie said to be well represented, and are almost 
everywhere asso(uate<) with tho older stratified rocks. Over the 
whole of tho interior, there is a notable absence of pt f » 
liasalt or recent lavas, and even of such intrusive rocks 
us diorites. Vast tracts of Cretaceous and Teitiary * 
country show no igneous rocks for mnny hundreds of 
square miles. The Kosciusko pl>iti*uii consists for the most part of 
gneissic granite, cut through spaiingly by igneous dykes, and in 
one instance, by what seems to be a volcanic nec k. The bulk of 
the Australian granites seem to have been intruded into Siluiiaii 
and Devonian, and perhaps even into Caiboniferous, but they arc 
older than tho Permo-Carbonifeious. The first nianifestations of 
i^icous outuouriiigs are noted as having occurred in Devonian 
times. In tne succeeding Carboniferous aiul IVrmo- Carboniferous, 
volcanic activity was also very manifest, anti is shown by many 
hundred feet of iuterstratified volcanic ])roduct.s. lii Triassic 
times there is very little sign of volcanic action. The Cretaceous 
period, too, was one of qnietude. Hie next outburst of voloanio 
tiros occun^ in the Tcrtiaiy, and this continued down almost to 
the advent of the aboriginals. In the western district of Victoria 
some remarkably fine ciaters remain quite fresh and very little 
cut into or denuded by atmospheric agencies. Hero quite eight of 
the points of eiiiption have Wen counted which poured out the 
floods of basalt known in Victoria as newer volcanic. 

As remrds the distribution of recent volcanic iwks, New 
South Wales show'^s excellent types of trachytes in the Warrum- 
bunglo mountains, and also in trio Canoblas, a point of eruption 
near Orange, about one liundred miles west of Sydney. Along the 
slopes of the Main Dividing Range, there is much basalt of the typical 
basic character. Many of the ** leads” that havo yielded so much 
alluvial gold are old river-beds buried under this basalt. Flat- 
topped basalt-covered hills arc a marked character of tho wostei ii 
slopes of the eastern Dividing Range. These are remnants of la\a 
streams that flowed from long extinct, but geologically recent, 
volcanoes. Basalt in these instances filled the old valleys, and 
tho surrounding country rock being worn away, tho basalt now 
remains above tiie general level. Thus the lines of tho old rivers, 
once the lowest part of the country, now stand out as the highest 
gronncL Water- worn pebbles, satid, and shingle — ^in other words, 
old river-drifts— are invariably found under these cappings. A 
loucite basalt of Tertiaiy age oocnrs in three diflcrent localities in 
New South Wales. No nephelin basalts have been discovered 
anyw'heiw on the continent. Serpentines are wAl represented, in 
one case evidently derived from an olivine-bearing rock. Basaltic 
dykes are extremely common, cutting up through tho whole 
geolomcal series as high as the Triassic. In formations of a later 
age, dyke rocks are not so common. Rhyolites and true Andesites 
are rare as products of recent voloanio action in Australia. 

S. 1. — loo 
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Flora. 

To understand the distribution of plants in Australia, one must 
always bear in mind that the central valleys and plateaux are 
surrounded by physical conditions totally ditfei'ont from those pre- 
vailing on the coastal plains, and that the nortliem part of the 
continent has been invaded by a number of nlants characteristioaily 
Melanesian. This element was introduced vtd Torres Strait, and 
spread down the Qiiecusland coast, and also round the gulf of 
oWpeutaria, but has never been able to obtain a hold in the more 
aria interior. Judging by the plants alone, and to a great extent 
by the animals, nobody could tell, when in a Queensland coast- 
jungle, whether lie w*ere in Australia or Kow Guinea. Travellers 
often describe the woudorfiil wealth of i>lant life in the eastern 
coast-line, but this must not be taken as indicating the nature of 
the flora inbuxl in the same latitude. In the interior there is 
little change in the general asiiect of the vegetation, from the 
Australian Jiight to the region of Carpentaria when the exotic 
nlomeiit begins. Behind the luxuriant jungles of the Queensland 
coast, once over the Main Kauge, we find the purely Australian 
flora with its apparent sameness and sombre dulness. rhysical 
Mirroundings ratiior than latitude determine the character of the 
flora. The contour lines showing the heights above sea-level are 
the directions along which species spread to form zones. Putting 
.iside the exotic vegetation of the north and east coast-linc, the 
Australian bush gains its jieculiar character from the prevalence of 
Dio HO-culled gum-trees (Encalyptus) and the acacias, of which last 
thcio are 30U species. But the eucalypts above all are every- 
where. Stunted ouoalypts fringe the tree limit on Mount Kosciusko, 
and the soakagos in the parched interior, which |>ass on maps for 
iis'ers, are indicated by a line of the same trees, stunted and 
straggling. Over the vast continent from Wilson's Promontory 
to Cape York, north, south, east, and west — where anything can 
gi ow— there will be found a gum-tree. The eucalypts, so typical of 
the Australian bush, arc lemarkable for tho oil secreted in their 
l«‘avcs, and the largo <juaiitity of astringent resin of their bark. 
This resinous u\iidatiou (Kino) somewhat resembles gum, hence 
tlio name “ gum " tree. It will not dissolve in winter as gums do, 
hut it is soluble in alcohol, as resin usually is. Many of tho guni- 
tioes throw off their hark, so that it hangs in long dry strips from 
tho trunk and branolich, a feature familiar in ** busli " pictures. 
The bark, resin, and ‘*oils" of the eucalyptus are well known iis 
commercial [iroducts. As early as 1866, tannic acid, gallic acid, 
wood spirit, acetic acid, essential oil and eucalyptol, were pro- 
duced from various species of eucalyptus. The genus oucal 3 '^ptus 
numbers more than one huudtod and fifty species, and provides 
some of the most durable timbers known Tho iron-bark of the 
eastern uplniids is well known {Eucalyptus 8idcronj1on\ and is so 
called from Die hardness of tho wood, tlie bark not being remarkable 
except for its rugged and blackened ab^iect. Samples of this timber 
have been studioa after forty- three years' immersion in sea w'ater. 
Portions most liable to destruction, those ]tarts between the tide 
marks, wero found perfectly sound, and showed not tho slightest 
sign of the ravages of marine organisms. Tho w'ell-known Jarrah 
(Eumlyptm umrginata) of West Australia is one of the most 
diinible of timbers ; 14,000 square miles of country are covered 
with this s{H>oie8. This tree has been known to grow' to 
10 feet in diameter and 120 feet iii height. The timber is nearly 
impervious to the attacks of the teredo. There is good evidence 
to show' that, exposed to wear and W'eather, or placed under the 
soil, or used as submarine pile’s, the wood remained intact after 
nearly lifty years' trial. The following figures show the high 
density of Australian timber ; — 

AiiHtralian NpeclOc Aiuitraliaii Hpecifle 

Timber. Gravity. Timber. Gmvlt>. 

Jarrah . , .1*12 Tallow wood . . 1'28 

White iron-haik . 117 Mahogany . .1*20 

Rod iron bark . .1*22 G rev gum . . *917 

Forest oak 1*21 Red gum. . . *995 

Kuropean Htmciilc KuroiMtn Hpeeifle 

Timber Gra\ity. Timber. Gravity. 

Ash . . -753 Ebony . . .1*19 

Beech -690 British oak . . '99 

Ghestiiui . . . *535 

Various * .scrubs " characterize the interior, differing very 
widely from the coastal scrubs. ^^Mallee*' scrub occupies large 
tracts in South Australia and Victoria, covering prooably an 
extent of 16,000 square miles. The mallee is a species of euca- 
lyptus growing 12 lo 14 feet high. The tree breaks into thin 
stems close to th^ ground, and these branch again and again, the 
leaves being develo]ied umbrella-fashion on the outer branches. 
The mallee scrub an]iears like a forest of dried osier, mowing so 
close tliat it is not always easy to ride through it Har^y a leaf is 
visible to the height of one's head ; but above, a crown of thick 
leather-like leaves shots out the sunlight. The ground below is 


perfectly bare, and there is no water. Nothing could add to the 
sterility and the monotony of these mallee scrubs. ** Mulga " scrub 
is a somewhat similar thicket, covering large areas. The tree in this 
instance is one of the acacias, a genus distributed through all 
narts of the continent Some species have rather elegant blossoms, 
known to the settlers as ** wattle.'* They serve admirably to break 
the sombre and monotouons aspect of the Australian vemtation. 
Two species of acacia are remarkable for the delioate and vmletdike 
fierfume of their wood — myall and yanwii. Proteaceous plants, 
although not exclusively Australian, are exceedingly charaoteristio 
of Australian scenery, and are counted amongst the oldest flowering 
lants of the world. The order is easily distinguished by the haro, 
ry, woody texture of the leaves and the dehiscent fruits, lliey 
are found in New Zealand and also in New Caledonia, their greatest 
developments being on the south-west of the Aiistraltan continent. 
ProteaceflB are found also in Tierra del Fuego and Chile. They are 
also abundant in Soutli Africa, where tho order forms the most 
conspicuous feature of vegetation. The range in spooies is veury 
limited, no one being common to eastern and western Australia. 
The chief genera are banksia {homyBiwhU)^ and hakea (ncedU 
bmh). 

The well-known Moretoii Bay nine {Araucaria Cunninghamii) is 
reckoned amongst the giants of tlie forest. The genus is associated 
with one long extinct in Europe. Moretoii Baj^ pine is chiefly 
known by the utility of its wooa. Another species, A, BidvnllU^ 
or the bunya-bunya, aflbnled food in its nut-hke seeds to the 
aborigines. A most remarkable foim of vegetation in tbe north- 
west is the gouty-stemmod tree, one of the Malvacece. It is 
I elated closely to tho famous baobab of tropical Africa. The 
**grafi>s-trec*' {Xantliorrhcsa), of the uplands and coast regioni^ is 
xiouliarly Australian in its aspect. It is seen as a clump of win*- 
ikc leaves, a few feet in diameter, surrounding a stem, hardly 
tiiicker than a walking-stick, lising to the height of ten or twelve 
ieet. This terminates in a long spike thickly studded with white 
blossoms. The grass-tree gives as distinct a character to an 
Austral inn picture os tho agave and cactus do to the Mexican 
laudHcajio. With these might be associated the gigantic lily of 
Queensland {Nymphcca gigantea^ the leaves of whicli float on watei, 
and are quite eighteen iiiehes across. There is also a gigantic lily 
{DorynnUtea fjtcelsa) which gi'ows to a height of 15 feet. The 
** flume tree " is a most conspicuous fcatuxe of an Illawarra land- 
scape, the largest racemes of crimson red suggesting the name. 
Tho w^aratnh or native tulip, the magnificent flowering head of 
which, with tho kangaroo, is symbolic of the country, is one of 
tho Proteaceie. Tho natives were accustomed to suck its tubular 
flowers for the honey they contained. The ** nardoo " seed, on 
winch the aborigines sometimes contrived to exist, is a creeping 
plant, grow'ing plentiful Iv in Rwanuis and shallow' jiools, and belongs 
to the natural order of Marsiliacea*. The spore-cases remain after 
tho plant is dried up and W'ithered. These are collected by the 
natives, and are known over most of the continent as nardoo. 

No s^ieculation or hyiiothcsis has been propounded to account 
.satisfactorily for the origin of the Austral laii flora. As a step 
towards such hypothesis it has been noted that tho Antarctic, 
tho South African, and the Australian floras have many types in 
common. There is also to a limited extent a European element 
present. One thing is certain, that wo have in Australia a flora 
that is a remnant of a vegetation once widely distributed. Ueer 
lias described such Australian genera as Banksia, Eucalyptus, 
Grevileea, and Hakea from the Miocene of Switzerland. Another 
point agreed upon is that the Australian flora is one of vast 
antiquity. We have hero genera so far removed from every 
living genus that inauy connecting links must have become extinct. 
The region extending round the south-western extremity of the 
continent has a peculiarly characteristic assemblage of typical 
Australian forms, notablv a great abundance of the Proteaoese. 
This flora, isolated by arid country from the rest of the continent, 
has evidently derived its plant life from an outside source, prob- 
ably from lands no longer existing. 

Fauna. 

More than a hundred maraupials, or about two-thirds of the 
kuow'D species, are natives of Australia. The kangai'oo {Macr<g9u»), 
emblematic of tho island continent, lives in droves in the open 
grassy plains of the interior. Several smaller forms of the same 
general appearance are known as wallabys, and are common every- 
where. Other tcri*estrial mnrsujiials are the wombat {Phateolomya), 
a l^ge clumsy burrowing animal, not unlike a pig, which attains a 
w'cight of from 60 to 100 lb ; the bandicoot (Perameles), a rat-like 
creature whose depredations annoy the agriculturist; the native 
cat (Dosyurws), noted robber of the famltry yard ; the Tasmanian 
wolf (Tliy/aeinua), which preys on large game; and the recently^ 
discovered Notoryct^es, a small animal which burrows like a mole in 
the desert of the interior. Arboreal species include the well-known 
opossums {Phalasiger) ; the extraordinary tree-kangaroo of the 
Queensland tropics ; the flying-squirrel, which expands a membrane 
biBtween the legs and arms, and by its aid makes long sailing 
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jumps from tree to tree ; and the native bear {Pha»eiolaT€im\ an 
animal with no affinities to the beari and having along soft fhr and 
no tail. More lowly organized than the foregoing are the two 
monitremes, the Platypus, and Echidna or native porcupine ; the 
former is famous for seeming ** half bird, half boast, and is much 
sought after for its exquisite fur. The dugong lives in the shel- 
tered inlets of the Queensland coast, and is systematically hunted 
for its oil by natives and whites. Three bnds of seals occur 
upon the south coast. 

The mammals of Australia are with a few exceptions marsupials; 
that is, they differ profoundly in structure from all other mammals 
and are lower in the scale of organization. The marsupials of 
Australia have been i8olate<i from the rest of the world from a 

E l antedating the appearance of higher mammals in other 
By this isolation they are spared those contests with 
stronger mammals which resulted in the extermination of the 
marsupials of other continents, with the exception of the opossums 
of America. Wo notice, however, a wonderful development of 
groups," parallel with the development of the higher mammals 
in other lands 


Placontals of Europe. 

1. Rodents. 

2. Carnivora. 

d. Insect-eaters. 

4. Hoofed beasts. 

5. Sloths and ant-eaters. 

6. Mole. 


MarHupiale of Australia. 

1. Wombat and allies. 

2. Native “cats." 

3. Bandicoots. 

4. Kangaroos. 

5. Native ‘*bcai ” and echidna. 

6. Marsu]ual mole. 


The geographical limits of the marsupials arc very interesting. 
Tlie opossums of America are marsupials, though not showing 
anomalies os great as kangaroos and bandicoots (in their feet), and 
myrmecobius (in the number of teeth) Except the opossums, no 
single living marsupial is known outside the Australian zoological 
region. The forms of life characteristic of India and the Malay 
peninsula come down to the island of Bali. Bali is separated 
from Lombok by a strait not more than 15 miles wide. Yet 
this narrow bolt of water is the boundary lino between the Austral- 
asian and the Indian regions. The zoological boundary passing 
through the Bali Strait is called ‘‘Wallace’s line," after tho 
eminent naturalist who was its discoverer. Ho showed that not 
only as regards beasts, but also as regards birds, these regions are 
thus sharply limited. Australia, ho pointed out, has no wood- : 
peckers and no pheasants, which are widely-spread Indian birds, 
liistead of these it lias mould-making turkeys, honey-suckers, 
cockatoos, and bnish-tongucd lorie.s, all ofwhich are found nowhere 
else in tho woild. 

The Mymuicohim of Western Australia is a bushy- biiled ant- 
eater about the size of a squirrel, and from its lineage and structure 
of more than passing interest. It is, Mivart remarks, a survival of 
a very ancient stiiito of things indeed. It had ancestors in a flourish- 
ing condition during tho Secondary e^Kich. Its congeners even 
then lived in England, as is proved by the fact that their relics 
have been found in the Stonestield oolitic rocks, the deposition of 
which is separated from that wdiich gave rise to tho Paris Tertiary 
strata by an abyss of iwwt time which wo cannot venture to express 
even in thousands of years. 

Australia is rich in snakes, and has more than a hundred 
different kinds. Most of these are venomous, but all are not 
equally dreaded. Five rather common sfiecies are certainly deadly — 
the death adder, the brown, the black, the superb, and the tiger 
snakes. During the colder months these reptiles remain in a 
torpid state. No certain cure has boon or is likely to be dis- 
covered for their poison, but in less serious cases strychnine has 
been used with advantage. In tropical w'aters a sea snake is 
found, which, though very poisonous, rarely bites. Among tho 
inoffensive species are counts tlie ffraceftil green “tree snake," 
which pursues frogs, binls, and lizards, to the topmost branches of 
the forest ; also, several species of pythons, tno commonest of 
which is known as tho carpet snake. Tliose gi'eat reptiles may 
attain a length of 10 feet ; they feed on small animals, wdiich they 
crush to death in their folds. In the estuaries of the Northern 
Queensland rivers crocodiles abound. Some aged examples reach a 
length of 25 fwt, and such are most dangerous. A small and 
inoffensive species is found near Port Darwin. Lizards occur in 
groat profusion and variety. A monitor is popularly known as 
the “goaniia," a name derived from iguana, an entirely different 
animal. Tho “frilled lizard" is a most remarkable creature. 
When brought to bay it stands erect on its hind-legs, extends an 
umbrella-like frill around its nock, and at the same time opens 
wide its jaws. The horned lizard of Western Australia {Moloch 
^horridm) is reputed the ugliest of existing animals, being covered 
all over with sharp spines, which give it a vicious and repulsive 
appearance; really, however, it is most inoffensive. Frogs of 
many kinds are plentiful, the brilliant green foogs being especially 
conspicuous and noisy. 

Two other creatures may be ranked with myrmecobius, as of 


more than isissing interest to the naturalist. The “mud-fish" ^ 
of Queensland {GtraUtdua Forster i) belongs to an ancient order of 
fishes — the Dipnoi, only a few species of which have survived 
from past geological periods. The Dipnoi bhow a distinct transi- 
tion between fishes and amphibia. For many years only two 
species were known to scionce : Lqndosiren paradnx/t of Houth 
America and Lqndosiren {Proioj^vs) amuetem of Africa. Re- * 
oentlv, however, the Australian mud -fish has been referred to 
the Dipnoi,— for it was seen that it was provided with a gill-like 
breathing apparatus, and also true lungs. The blood circulation 
is in a sense intermediate between that of frogs and fishes. Tho 
heart has one ventricle ami two auricles. So far the mud-fish is 
known only from the Mary and the Burnett rivera. Hardly of 
less acientilio interest is the Port Jackson shark {HeMrodo^Uus), 

It is a harmless helmeted ground-shark, living on molluscs, and 
almost the sole survivor of u genus abundant in the Secondary 
rocks of Euro;>e. One of its remarkable characteristics is the 
pavement of crushing teeth with which the mouth is lined. The 
Wutiful shell, so plentiful in Sydney harbour, is anoUier 

genus originally believed to be extinct. The first descriptions 
were published from fossil forms. It w'as a welcorno discovery to 
find Tri^onia still surviving in Australian seas. 'I'hcre are only 
about five species living to-day, and even these are not plen- 
tiful. In the Secondary ][jcriod, however, they must have iKjen 
extremely abundant ; they swarmed m Oolitic seas. 

Another link connecting the present fauna of Australia with 
that of Secondary Euro^ie has recently been discovered. For a 
considerable time a peotihar group of hernngs {J Hplowystits\ char- 
acterized by a rmv of scutes on the back, resembling those found 
in other ty[)es on the o[>uoRitc aspect of tlie hotly, have been 
known from Cretaceous ami caily Tertiary locks, their range in- 
cluding Brazil, Wyoming, ami the Isle of Wight. I 'util recently 
these herrings were considered to ho extinct, hut they have now 
been found alive in certain livers of New South Wales. 

The origin of tho fauna and flora of Austiaha has of late attracted 
considerable attention. Much accumulated evidence, biological and 
geological, has pointed to a southein extension of India, an eastern 
extension of South Africa, and a western extension of Australia 
into tho Indian Ocean. The comparative iiehncss of prutcaccous 
plants in Western Australia ami South Africa first suggested a 
common source for these primitive types. l>i H. O. Forbes drew 
attention to a certain community amongst biids and other verte- 
brates, invertebrates, and amongst fdaiits, on all the lands stretch- 
ing towai-ds the South Pole. A theory was therefore piopounded 
that these knowm tyiies were all derived fiom a continent which 
has been named Antaretu'a ^ The sup]>OHcd continent extended 
across the South Polo, practically joining Australia uiid South 
America. Just as W'c have evidence of a former mild climate in 
the Arctic regions, so a similar mild climate has been jiostulated 
for Antarctica. Modern naturalists consider that many of tho 
problems of Australia's remarkable fauna and flora can ho best 
explained by the folloiaing liypothesU -The icgioii now covered 
by the Antai'ctic icc-cap was in early Tertiary times favoured by a 
mild climate ; here lay an Antarctic continent or archipelago. 
From an area corresponding to vihat is now South America there 
entered a fauna and flora, which, after undergoing modification, 
passed by way of Tasmania to Australia. These immigrants 
then developed, with some exceptions, into the present Aus- 
tralian flora and fauna. Tins theory in the course of a decade 
has advanced from the position of a disparaged heresy to accept- 
ance by leading thinkers. The discoverv as fossil, in South 
America, of primitive or ancestral forms of marsupials has given 
it much support. One of these, ProthylacinuSt is regarded as tlie 
foreniiincr of the marsupial vrolf of Tasmania. An interesting 
link between divergouL marsupial families, still living in Ecuador, 
the €iemle»t€$f is auotfier discovery of recent years. On the 
Australian side the fact tliat Tasmania is richest in marsupial 
types indicates the gate by which they entered. It is not to be 
supMsed that this Antarctic element, to which Professor Tale has 
applied the name Euronotianf entered a desert barren of all life. 
Previous to its arrival Australia doubtless possessed considerable 
vegetation and a scanty fauna, chiefly invertebrate. At a coin- 
(larativcly recent date Australia received its third and newest 
constituent. The islands of Torres Strait have been shown to be 
tho denuded remnant of a former extension of Cajie York peninsula 
in North Queensland. Previous to the cxiatenco of the strait, 
and across its site, there poured into Australia a wealth of Papuan 
formu. Along tho Pacific slope of tho Queensland Cordillera these 
found in soil and climate a congenial home. Among the plants 
the w'ild banana, pepper, orange, and mangosteen, rhotlodeudron, 
epiphytic orchids, and the iialm ; among tiianmials the bats and 
rats ; among birds the c^assowary and rifle binls ; and among 
reptiles the crocodile and tree snakes, characterize this element. 

Tlie numerous facts, geological, geographical and biological, which* 
when linked together lend great support to this theory, have 
been well worked out in Australia by Mr Charles Hedley of the 
Australian Museum, Sydney. * 
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Statistics,^ 

Climate. — The tropic of Capricorn divides Aus- 
tralia into two parts. Of these the northern or inter- 
tropical portion contains 1,146,000 square miles, com- 
prising half of Queensland, the Nor&em Territory ^ « 
South Australia, and the north-western divisions 9 ^ 
West Australia. The whole of New South Walesj 
Victoria, and South Australia proper, half of Queensland, 
and more than half of West Australia, comprising 
1,801,700 square miles, are without the tropics. In a 
region so extensive very great varieties of climate are 
naturally to be expected, but it may be stated as a general 
law that the climate of Australia is milder than that of 
conosponding lands in the Northern Hemisphere. Duiing 
July, which is the coldest month in southern latitudes, one 
lialf of Australia has a mean temperature ranging from 
AW* to or, and the other half from 62“ to 80“. The 
following are the areas subject to the various average 
teiniKsratures during the mon^ referred to : — 


Toinpeniture 

Area in 

nhr. 

Square MileH. 

45 ^- 50 ^ 

. 18,800 

60“-5.5' 

. 596,300 

65’-60* 

. 681,800 

60'*-65" 

. 834.400 

eS'-TO'* 

. •115,000 

70“. 75" 

. 275,900 


. 24,. 500 


The teuqierature in December ranges from 60“ to above 
95 “ Fahr., half of Australia having a mean tem|)erature 
below 84“. Dividing the land into zones of avemge 
suniiiier temperature, the following are the areas which 
would fall to each : — 


Tetnporatiire 

P'uiir. 

60“.65“ 

6r)'’-70“ 




Area in 
Square Milea 
. 67,800 
. 63,700 

. 352,800 

75“.80“ 




. 489,200 

SO^-SS’ 




. 783,600 

85“.90’ 




. 570,600 

90".95“ 




. .584,100 

95“ and over 




. 135,400 


Judging from the figures just given, it must be conceded 
tliat a considerable area of the continent is not adapted for 
colonization by Eurojiean races. The region with a mean 
summer temperature in excess of 95“ Fahr. is the interior 
of the Northern Territory of South Australia north of the 
20 th imrallel ; and the whole of the country, excepting the 
seaboard, lying between the meridians of 120“ and 140", 
and north of the 25th imrallel, has a mean temperature in 
excess of 90“ Fahr. 

Recent obsc-rvations confirm the earlier opinions as to 
the dryness of the Australian climate, and it may be 
taken that nearly 40 per cent, of the area of the con- 
tinent has not a greater annual rainfall than 10 inches. 
This dry ai*ea is slmped like a fiattened oval lying between 
the 1 17th and 1 42nd meridian east and the parallels of 21“ 
and 32“ south. Very little of Queensland and New Soutli 
Wales and nr) part of Victoria lie within this area. The 
following table shows the rainfall zones in sqtiare miles ; — 


lUiiifall. 

Under 10 iuches 
10 to 20 
20 to 80 
80 to 40 
40 to 50 
50 to 60 
60 to 70 • „ 
Over 70 ,, 


Bainfkll Areas fn 
Square Milee. 

. 1,219,600 
848,100 
899,900 
225,700 
140,800 
47,900 

56.100 

14.100 


^ Total . . 2,946,700 

^ These statistics refer only to the continental states of the FederS' 
tion,*&ot to Tasmania. 


Pqpu/afton.-*— The Australian people are mainly of 
BritiA origiii, only 5 per cent of the population of Euro- 
pean descent being of non-British race. It is certaintithat 
the aborigines are very much less numerous than when the 
country was first colonized, but their present numbers can 
be given for only a few of the states. At the census of 
1891, 38,879 aborigines were enumerated, of whom 8280 
were in New South Wales, 565 in Victoria, 23,789 in 
South Australia, and 6245 in West Australia. It has 
been asserted by the Queensland authorities that there 
are 70,000 aborigines in that state; but this is a crude 
estimate, and may be far wide of the truth. In South 
Australia and the Northern Territory a large number are 
outside the bounds of settlement, and it is probable that 
they are as numerous there as in Queensland. The census 
of West Australia included only those aborigines in 
the employment of the colonists ; and as a lar^ part of 
this, the greatest of the Australian states, is as yet 
unexplored, it may be presumed that the aborigines 
enumerated were very far short of the whole number of 
persons of that race in the state. Taking all things into 
consideration, the aboriginal population of the continent 
may be set down at something like 200,000. The Chinese • 
number about 36,000, and are chiefly found in New South 
Wales and Queensland; South Sea Islanders and other 
coloured races number probably about 16,000, and are to 
be found principally in Queensland. On the 1st January 
1900 the |K>pulation of Australia was 3,535,430, but 
this figure is exclusive of aborigines living outside the 
lM)ui)darie 8 of settlement. The increase of population 
since 1870 was as follows: — 1870, 1,649,706; 1880, 
2,130,686; 1890, 3,013,790. The expansion has been 
due mainly to the natural increase ; that is, by reason of 
excess of births over deaths. Immigration to Australia 
has not been on a large scale since the first gold dis- 
coveries. The distance from Europe and the cost of the 
])as 8 ago tend to prevent the flow of population, but added 
to this there has been lately a disinclination on the part 
of the Australian Governments, except those of Queens- 
land and West Australia, to encourage immigration and 
})rovide for the welfare of the immigrants on their arrival. 
During the last ten years the inflow of population has not 
averaged more than four or five thousand a year, and in 1899 
there was an actual excess of emigrants to the number of 
5189. The natural increase of population is about 14^ 
\yQr thousand, a ratio very little higher than in Great 
Britain, where the excess of births over deaths is about 12 
per thousand, and far below the average obtaining in these 
states a few years ago. In 1899 the births numbered 
95,964 and the deaths 45,425, showing a ratio per thousand 
equal to 27 '25 and 12'90 respectively. In 1891 the birtha 
numbered 105,215 and the deaths 45,187, giving the 
ratios of 34'42 and 14*78 per thousand respectively. 
There has l)cen a very great falling-off in the proportion 
of births to marriages, to such an extent inde^ that the 
rate of Australia, which was formerly very high, has now 
dropped to the Euroi)ean level. This change has taken 
place since 1884. On the other hand there has been an 
improvement in the death-rates. The marriages in 1899 
numbered 24,811, which gives a proportion of 7*05 per 
thousand inhabitants. This ratio is below the normal, and 
may be expected to be increased to about 7*50 per 
thousand, which was about the average for the years 1886 
to 1890. The decline in the Australmn marriage-rate was 
largely due to the bank failures which occurred in 1898, 
and from 'which the states have made a very slow 
recovery. 

Australia contains only four cities whose population 
exceeds 100,000, and fifteen with over 10,000. The prin- 
cipal cities and towns are Sydney (pop. 489,000), Newcastle, 
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Brdkea Hill, Farrainatta, Ooalbi^ Maitland, Bathurst, 
Graftoiii Albury, and Orange in New South Wales; 
Melhaume (i^p. 494,000), Ballaxat, Bendigo, Qeelong, 
Warmambool, Castlemaine, and Stawell in Victoria; 
Brisbane (pop. 120,000), Rockhampton, Maryborough, 
Townsville, Qympie, Ipswich, and Toouroomba in Queens- 
land; Adelaide ^pop. about 162,000, including Fort/ 
Adelaide) in South Australia ; Perth (pop. 44,000) ac^. 
Fremantle in West Australia. 

Aborigines. 

The aborigines of Australia aro a single race throughout the 
whole continent. They are far remorea in character from any 
other peoples, and have evidently been isolated from the rest 
of the human race from prehistoric times. Although their 
physical and mental chai'actors stamp them as one, it a gener- 
ally accepted now that the race is a blend of two or three 
different elements, introduced into Australia probably when the 
continent was still connected by dry laud with New Guinea. If 
the aboriginal races be divided, as they conveniently may, into 
three classes, class A would be characterized as follows Hunters 
and Ushers who dig for tubers, build crude canoes, have implements 
of rude design, have no fixed abode and no buildings. Class U 
would comprise huntem of a higher class, having finer -finished 
weaponJ^ showing skill in carving, dressing neatly, and having 
habitations. Class C would include a higher grade, namely, those 
with fixed habitations, some rude method of agriculture, anil some 
form of government The Australian aborigines undoubtedly 
belong to the first or lowest class. They are ty]>ical hunters, *^in 
this respect unapproached by the Canadian trap[icr, the tkuith 
African bushmau, or any other ]H)ople, savage or civilized.'* 
Although in physical ap|>caraiicc the natives vaiy considerably, 
still they are clearly differentiated from any other race. The colour 
of the skin ranges from dusky copper to black. Muscle is usually 
not well develops, the legs in particular being notably destitute 
of calves. The physique of the aborigines of the central and more 
arid iJortious of the continent is not, as might he expected, up to 
that of the favoured tribes living on the coast or coastal uplands. 
Except in the arid interior the Australian black-fellow averages 
fi feet 6 inches in height, while savages standing 0 feet are not un- 
common. There is usually an abundance of hair on the face and 
breast ; but towards the northern portions of the continent it has 
been noted that the aboriginal has a loss luxuriant beard. The 
hair of the head is raven black and wavy ; this is somewhat 
modified where Papuan influence has been lolt, the hair then being 
quite curly and frizzly. The peculiarities about the aboriginal's 
head are very marked. The skull Is abnormally thick and the 
cerebral caiiacity small. The head is long and soiuewlmt narrow, 
and the forohead recedes in a marked degree. Ho has usually 
excellent teeth, and the hands and feet aio not stnkingly large. 
The black-fellow's carriage is graceful and erect ; he walks wdth tlie 
head well thrown back, and his senses are always on the alert. 
His imwers in tracking, stalking his prey, and hurling his spear 
are proverbial. His implements, offensive and defensive, have ^en 
well described by standard authors, but little or no light has been 
thrown on the origin of that wonderful weapon, the boomerang. 
■Some writers have taken the trouble to show that the boomerang 
was in use ages ago in Africa and in India ; hut if we define the 
boomerang as an instrument which w'hon projected into the air 
returns to its thrower, it may bo safely said tliat have no proof 
that any other race ever knew of such an implement. The 
■boomerang that returns to the thrower is rarely if ever used for 

» pur[K>se8. The stone implements of the aborigines may 
to be crude in the extreme. Hut any good collection of 
their implements will show — (1) flakes ; (2) knives, in many 
varieties ; (3) spear-heads ; (4) chisels ; (5) sorapis ; (6) needles or 
awls ; (7) hammers ; (8) anvils ; and (9) grinding stones. Toma- 
hawks showing a high finish are sometimes found, but they wore 
evidently rare. There is notliing specially distinctive about the 
stone Implements to distinguish them from those of other primitive 
pemdes. 

Closer study has not improved on previous estimates as to the 
paradoxical moral code of the aborigines. A wife will be beaten 
without mercy for unfaithfulness to her husband, but the same 
wife will have hod to submit to the first-night promiscuity, a 
widespread revel which Roth shows is a regular custom in North- 
west Central Queensland. A husband claims his wife as his 
absolute property, but he has no scruple in handing her over for 
^a time to another man. There is no proof that anything like 
community of women or unlimited promiscuity exists anywhere. 
It would be wrong, however, to conclude that moral considerations 
have led up to this state of things. Of sexual morality, in the 
everyday senas of the word, there is none. Although not invari- 
ably cannibals, the aboriginal relishes human flesh. In bis treat- 
snent of women the abonginal may be ranked lower than even the 


t^nudani. Early in life the young girls are subjected to horrible ^ 
mumatioB (introoision), whioh is in some obscure way associated 
with quite a different operation, **the terrible rite” or male 
introeiaion, to which young men are subjected. The operation 
may be said to be oontinea to the tribes of Central and North* 
oenykral Australia. The Tasmanians knew nothing of the rite, or 
of Oiroumoision, and they are believed to represent the original 
sipok that spread over the continent, and, being the most isolated, 
soWnesd but little. 

The following description by Mi* W. A. Horn will apply with 
little modification to the black-fellow over the whole contuient 
** The Central Australian aboriginal is the living representative of 
a stone age, who still fashions his siiear-heads and knives from flint or 
sandstone, and performs the most daring surgical operations with 
them. His origin and history are lost in the gloomy mists of the 
INut He has no written records and few oral traditions. In 
appoitfance he is a naked, hirsute savage, with a type of features 
occasionally pronouncedly Jewish. Ho is by nature light-boarted, 
merry and prone to laughter, a splendid mimic, supple-jointed, 
with an unerring hand that works in ]ierfect unison with the eye, 
which is as keen as that of an eagle. He has never been known 
to wash. Ho has no private ownership of land, except as regards 
that which is not ovor-carefully concealed about his iierson. He 
cultivates nothing, and lives entirely on the si)oil8 of the chase , 
and although the thermometer frequently ranges from lb** to 
over 90** F. in twoiity-foiir hours, and his country is by no 
means devoid of furred game, he makes no use of the skins for 
clothing, hut goes about during the day and sleeps in tlie open at 
night iterfectly nude. He builds no ^K'Hiiaiieiit habitation and 
usually camels where uiglit or fatigue overtakes liiin. He can 
travel from itoint to ]:>oiiit for hundicds of miles through the 
pathless bush with unerring precision, and tiaik uii animal over 
rocks and stones, whore a European eye would be unable to di.s- 
tiiiguisli a mark. Ho is a keen observer, and knows the habits and 
changes of form of every variety of animal or vegetable in his 
country. Religious belief he has none, hut i.s cxccasively sujici- 
stitiouB, living in constant dread of an Evil S}»irit which is supfiosed 
to lurk around his camp at night. He has no gratitude except 
that of the anticipatory order, and is as tioacherons ns Judas. He 
has no traditions, and yet continues to ]>ra(:tiso with scrupulous 
exactness a num\>or of hideous customs and ceremonies which liavc 
been handed down from his fathers, and of the origin or rcafion of 
ivhich he knows nothing. Ofttimes kind and e\ (*ii affectionate to 
those of his childten who have been ])eimitted to live, ho yet 

1 )racti 80 S, without any reason except that hih father did so befoic 
liin, the most cruol and revolting mutilations ujioii the young 
men and maidens of his tribe.” 

Every traveller on the Queeusland coa^t must have noticed that, 
directly a boat puts off* for the sliure, .sim;kc signals ascend from 
point to point as far as the eye can read). It is now ascertained 
that information of a varied character can be conveyed over long 
distauces by smoke signals. For the }>ur)K)so of signalling, the 
Queensland blacks use a complicated system hosed on the folloa ing 
Bignals;-— (1) The slender eulnmn of light-coloured smoke; (2) 
a heavy column of smoke ; (3) u slender column of black smoke ; 
(4) interrupted or intermittent columns of smoke ; (5) groups oi 
columns of smoke columns. Much attention has been given to the 
instrument known as ‘ * bid li oarer,” as being one of the few instru- 
ments used by the Australian aboiiginal and far-distant primitive 
peoples. A flat juecu of wood is attached at one end to a string 
and rapidly whiiled in sling fashion. Vibiations are set up result- 
ing in a roar, wliich has an extraordinary ctleet u;)on the hearer. 
Women and children are never allowed to sec the inslrutnont ; and 
when 111 the absolute .still ue.s8 of the forest the buzzing of the roar 
rises and falls, )>eople unable to account for such weird sounds are 
awed beyond measure. Mr A. W. Howitt, writing on the subject, 
remai'ks : “The universality of its use, aud under the same con- 
ditions, in world -wide localities, is one of the most puzzling 
questions in tliis branch of antliro})ology, and can only, as it seems 
to me, point to its extreme antiquity.' 

The most cursory observer of the aboriginal will notice that lie 
makes no visible acknowledgment of a Supreme Heing. He has 
no nltar and no fonii of sacriiicc. The fear of any future punish- 
ment or the hope of any future roward is neither a deterrent nor an 
incentive. If he has a religion, it is something completely apart 
from morals. There is no evidence to show that a hlack-fellow is 
gtiided or influenced in any action by the knowledge ol a Siiprome 
rower to whom ho is responsible. 

The route by which the blacks arrived in Australia has not yet 
been placed beyond question. If the Tasmanians be acoeptetf os 
the nearest approach to tlie primitive type, thbu we have a iwee 
that had neither a boomerang nor a shield. Their whole belong- 
ings consisted of stone tomahawks and a few crude spears. If this 


represents the stage to which primitive man had reached when the * 
blacks flrst peopled Australia, then theii corning must be placed 
far liack in the early history of mankind. That they have jieen 
isolated for long ages may be taken for giunted. They have de- 
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Bdigio ^ — ^There is no state church in Australia, nor is 
the teaching of religion in any way subsidized by the 
state. The Church of England claims as adherents 39 
per cent of the population, and the Boman Catholic 
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rived little or nothing from the present races to the north of Tones 
Strait. Certainly the blacks of North Australia seem somewhat 
in advance of the aborigines generally. But no clear connexion 
exists either in language, or manners, or customs with Malays or 
Papuana The sunny and idayful disiKwition of the aboriginal 
points to Papuan rather than Malay blood, but the probabilitTis 
that the natives were in possesHion long before the present ms«^ 
tribution of Papuan and Malay. The blacks on parts of the north'^^ 
coast use an outrigger to their canoes— an idea evidently iiitroduM j * 
from beyon<l Torres Strait. The bow and arrow are not know^ 
among the aborigines of Australia. The question arises os to< 
whether they were over acquainted with their use. Had they ever 
known such weajKms, it is liardly likely that the knowledge of 
them could ever have been lost. Depending, as the Australian 
black*fellow did, on the chase, nothing could he better fitted for 
liis wants. The absence of these implements points couchisively to 
the fact that the ancestors of these people reached Australia before 
the l>ow and arrow became what they are now, implements in 
use by almost all races. It is not necessaiy that the first-comers 
should have lieen skilful navigators. Possibly there was land con- 
nexion between Australia and New Guinea in post-Tertiary times, 
by means of which the aborigines mode their way. 

'fho study of the languages of the various tribes has so far 
yielded nothing of exceptional importance. As an instance of how 
a spoken tongue may vaxy in a short time the following is of 
interest : — In 1893 a wild tribe of natives was discovered in the 
AVontworth district of Now South Wales. This tribe Originated 
tlirough a black-fellow hiding in some littlo-kiiown country with 
a few gins for some thirty years. In that time the tribe had 
grown to thirty — men, women, and children. The conutiy they 
were concealed in is known as mallee scrub, the most vrretchea 
kind of land known in the state. The tribe lived os only black - 
follows can on kangaroo, wild cat, and ant eggs. They nsra water 
bags made from the skins of kangaroo legs. They produced fire in 
the old way by rubbing two sticks together, and their only 
weapons were spears, which were merely stems of malloe, roughly 
|K>intcd and barbed. The remarkable fact is that the station 
blacks liad considerable difficulty in making the wild tribe under- 
stand thorn, although thirty years before they must have s|)oken 
the same language. 

For pur]x)He8 of comytarison the aboriginal character, habits, and 
customs may be summed up as follows : — 

Morale ilenMt ai\d Socitd , — No moral code. A clear idea 
individual ownership in property. A wife is held as property. 

No idea of a Supreme Being. Unable to grasp abstract ideas. No 
idols, no altar, and no form of sacrifice. N o form of prayer or suppli- 
cation. Not in any way guided in their actions by the hoM of 
future reward or future punishment. No written language. Build 
no houses. No pottery. No weaving. No idea of moral justice. 

No art, save the making of some plaited bags. Very fearful of 
unseen danmis and in constant dread of witchcraft. No owner- 
ship ill land, but the tribes have a well -understood limit to their 
huntinu-grounds. Reached only to the *Miinary stage" in count- 
ing. Have a gesture sMcch, more or less perfected in various 
tribes, and often a complete code of smoke signals. In all that 
concerns hunting and the chase, their senses are far keener than 
those of civili'^od man. 

CuatomSf d*c . — Circumcision practised over most of the continent. 

The rite of male and female introcision practised in a horrible 
manner by many tribes. Some tribes force the young women to 
submit to promiscuity after the operation, but this is a thing 

5 uite apart from communal marriage " or ^neral promiscuity, 
lutual avoidance of mother-in-law and soii-indaw. A complicated 
marriage relationshi]!. No marriage ceremony. A wife is pro- 
cured by purchase, as a gift from her j[iar6nta, or occasionally by 
forcible aMuotion. Pol j^amy is recognized. Infanticide practised. 
Cannibalism common. Tyi>ical hunters, but do not use the bow 
and arrow. Most tribes have a chief or head man, but his office 
is not hereditary, neither is a chief elected. 

Implenirnts^ Ac , — Stone chisels, hammers, and tomahawks. 
Barbed siiears. The boomerang. A throwing stick for spears. 
Various clubs, and fighting boomerangs not made to return to the 
thrower. Make crude canoes and plait twine nets, bags, and 
armlets. 

It is right to add that the black -fellow, whan unspoiled by 
aggression and bad treatment, is docile, capable of kindness, ana 
even of great aifection. But even here he is inconstant. The 
early explorers found them an inofiensive people ; and even at the 
date of writing the tribes who practise too dreadful mutilations 
referred to are seldom hostile, and, when their womenfolk are not 
taken from them,* they are disjiosed to be friendly. 


[stati^tios 


Church 22 per cent ; next in numerical strength are the 
Wesleyans and other Methodists, numbering 12 per cent, 
the variouB branches of the Pi^sbyterians 11 per oont., 
Congregationalists 2 per cent, and Baptists 2 per cent 
'At the beginning of the year 1900 it was estimated that 
flbjtjre were in Aualralia 1,374,000 adherents of the Church 
England, 783,000 Boman Catholics, 385,000 Presby* 
lirians, 79,000 Congregationalists, and 81,000 Baptists. 

Instruetkn. — Education is very widely distributed, and 
in every state it is compulsory for children of school ages 
to attend schooL The statutory ages differ in the various 
states: in New South Wales and West Australia it is 
from 6 to 13 years, in Victoria 6 to 12 years, in Queensland 
6 to 11 years, and in South Australia 7 to 12 years inclu- 
sive. Beligious instruction is not imparted by the state-paid 
teachers in any state, though in certain states persons, 
duly authorized by the religious organizations, are allowed 
to give religious instruction to children of their own de- 
nomination where the parents’ consent has been obtained. 
According to the returns for 1899 there were 6357 state 
schools, with 13,462 teachers and 585,556 pupils, and the 
average attendance of scholars was 411,331. Besides 
state schools there were 2454 private schools, with 7778 
teachers and 140,285 scholars, the average number of 
scholars in attendance being 109,389. The census of 1891 
showed that about 76 per cent, of the whole population 
and more than 88 per cent, of the population over five 
years of age could read and write. There was, therefore, 
a residue of 12 per cent, of “illiterates,” most of whom 
were not bom in Australia. The marriage registers furnish 
another test of education. In 1899 only thirteen persons 
in every thousand married were unable to sign their 
names, thus proving that the number of illiterate adults of 
Australian birth is very small. 

Public Fitvance , — The public revenues and expenditures 
of the various Governments for the year ending June 1900 


were ; 


New South Wales 
Victoria . 
Queensland 
(^uth Australia 
West Australia 


Revenue. 

£9,978,736 

7,460,676 

4,588,207 

2,658,820 

2,875,396 


Expenditure. 

£9,811,402 

7,818,945 

4,640,418 

2,986,619 

2,615,675 


The chief sources of revenue are customs taxation, railways, 
][>ostal receipts, Ac., and public lands. There are direct 
taxes on land and incomes in New South Wales, Victoria, 
and South Australia. The sums obtained during 1900 
from the various sources named were ; — 


Customs and Exciso 
Other Taxation 
Railways, &c. . 

Postal and Telegraphs 
Public Lands . 

Other sources . 


£7,180,907 

2,820,076 

10,440,847 

2,148,885 

8,480,641 

2,221,038 


The expenditure may be grouped as follows : — 

Railways and Working Expenses • £6,897,686 
Postal and Telegraphs , 

» A, 


Public Instruction 
Interest and Charges on Debts 
All other services . 


2,095,810 

1,760,207 

7,274,928 

9,694,433 


The public debt of the states on 30th June 1900 was 
jC186|81d,7l2, thus distributed : — 

New South Wales .... £65,832,998 


Victoria 
Queensland . 
I^uth Australia 
West Australia 


49,824,885 

34,849,414 

26,181,780 

11,674,640 


About 80 per cent of the whole public debt has been 
incurred for the purpose of constructing public works 
yielding a direct revenue ; but the proportion varies in each 
state, and the details of the debt will be found under 
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chief wheat lands are in Victoria, South Australia, and 
New South Wales ; the yield averages about 9 bushels to 
the acre, and is lowest in South Australia. Maize and 
sugar-cane are grown in New South Wales and Queensland, 
vine is cultivated in all the states, but chiefly in 

Australia 


the head of each particular state. The area of Australia 
is 2,946,691 square miles, or 1,885,882,240 acres; of this 
area Ae states have sold or otherwise imrted with nearly 

107.000. 000 acres, and have under lease 779,000,000 
acrea The bulk the best land has been sold, the am 

neither leased nor sold, which amounts to ab^ Wlfcuth Australia, Victoria, and New South Wales, 

1.000. 000.000 acres, being chiefly in West and Sotj%; ‘ 

Australia, and for the most jjart outside the region of^ 
regular rainfall. 

Ihfeme, — ^Practically there is no standing army in 
Australia, as the total number of paid soldiers is only 1571. 

This small permanent force is supported by a partially* 
paid force of 14,066, and an unpaid or strictly volunteer 
force of 6063 men. There are in each state, besides the 
land forces, small corps of naval volunteers capable of 
being employed as light artillery laud forces or upon the 
local war vessels. Although the regular military force 
of the states is very small, Australasia (including New 
Zealand^ was able to despatch 8300 troops for service in 
South Africa, and of those 6310 belonged to Australia 
proper. The naval defence of Australia is entrusted to 
the Imperial Navy, and Sydney, the headquarters of the 
fleet, ranks as a firat-class station. 

Fuhariu . — ^Tho only deep-sea fisheries now carried on 
to any extent in Australia are the pearl fisheries in 
Queensland and West Australia. At one time whaling 
was an important industry on the coasts of New South 
Wales and Tasmania, and afterwards on the Western 
Australian coasts. The industry gravitated to New 
Zealand, and finally died out, chiefly through the wasteful 
practice of killing the calves to secure the capture of the 
mothers. Of late years whaling has again attracted 
attention, and a small number of vessels prosecute the 
industry during the season. The diving for pearl shell is 
actively carried on in Torres Strait, and has become an im- 
portant industry, giving employment to nearly 2000 men, 
and the take in 1899 was 1200 tons of shell, valued at 
XI 30, 105. Besides shell some b^che-de-mer and tortoise- 
shell is obtained. The i)earl shell industry of West 
Australia is chiefly carried on along the north-west coast 
and in Shark Bay, but the production now shows a large 
falling-oif owing to the exhaustion of the inshore banks. 

The value of pearls and pearl shell raised in 1899 amounted 
to £96,000, the banks at Shark Bay yielding only £3824, 
com^rad with £16,043 in 1890. 

Timber Industry.— HhQ timber industry is prosecuted 
on a large scale in West Australia and New South 
Wales, especially in the first-named state, where very 
extensive forests of splendid hardwoods exist. In 1899 
the value of timber exported was — ^from West Australia 
£553,198, and New South Wales £102,218, the com- 
bined exports of the other three states only reaching 
£17,000. These figuras do not indicate the whole value 
of the industry, especially in New South Wales, where a 
larger quantity is consumed locally than is exported. 

QroAny a/nd Agricvltfwre. — ^The continent is essentially a 
pastoral one, and in 1899 depastured 72,625,000 sheep, 

9,678^000 cattle, 1,639,000 horses, besides large numbers 
of swine ; the figures show a great falling-off from previous 
years, for in 1891 there were 104,800,000 sheep and 

10.860.000 cattle depastured. The butter industry is 
making great progress, and there were, in 1899, 1,102,000 
head of dairy cattle, and the butter i^e was little diort 
of 100,680,000 1b. Next to the pastoral industry agricul- 
ture is the principal source of Australian wealth. In 1900 
ttie area devoted to tillage was 8,441,000 acres, namely, 
wheat 5,550,000 acres; maize, 336,000 acres; oats, 

325.000 acres ; other grains, 121,000 acres ; hay, 1,454,000 
acres ; potatoes, 112, acres; sugar-cane, 133,000 acres; 
vines, 61,000 acres ; and other crops, 349,000 acres. The 


'Induces abundant quantities and nearly all varieties of 
l^ts ; but the kinds exported are chiefly oranges, pine- 
apples, bananas, and apples. Tobacco thrives w'ell in 
New Soutli Waltis and Victoria, but kinds suitable for 
exportation are not largely grown. Com|>ared with the 
principal countries of the world, Australia does not take a 
high position in regard to the gross value of the produce 
of its tillage, but in value i>er inhabitant it compares fairly 
well; indeed, some of the states show averages which 
surpass those of many of the leading agricultural countries. 
For 1900 the total value of agricultural produce estimated 
at the place of production was £17,000,000 sterling, or 
about £4, 16s. 7cl. \^r inhabitant. 

Mineral Production , — Australia is one of the great 
gold producers of the world, and its yield iji 1899 was 
about £14,334,000 sterling, and the total value of 
its mineral production was approximately £19,663,000. 
(lold is found throughout Aiistralm, and the present 
pro8|)erity of the state's is largely due to tlie discoveries 
of this metal, the development of other industries being, in 
a country of varied resources, a natural se(]uence to the 
acquisition of mineral treasure. From the date of its first 
discovery, up to the close of 1899, gold to the value of 
£368,160,000 sterling had been obtained in Australia. 
Victoria, in a period of forty-eight years, contributed 
about £254,000,000 to tins total, and is still a large 
producer, its annual yield being about 736,000 oz., 29,000 
men being engaged in the search for the precious metal. 
Queensland’s annual output is 705,000 oz. ; the nuinlter ot 
men engaged in gold-mining is 10,000. In New South 
Wales the greatest production was in 1852, soon after the 
first discovery of the precious metal, when the output 
valued at £2,660,946; the production in 1899 was about 
496,000 oz., valued at £1,752,000, Until I’ecently West 
Australia was considered to be destitute of mineral de- 
;K>sits of any value, but it is now known that a rich belt 
of mineral country extends from north to south. The fir^t 
important discovery was made in 1882, when gold was 
found in the Kimberley district ; but it was nf)t until a few 
years later that this rich and extensive area "a as developed. 
In 1887 gold was found in Yilgarn, about 200 miles east 
of Perth. This was the first of the many rich discoveries 
in the same district which have made West Australia 
the chief gold-i>rodueer of the Australian group. At the 
present time there are eighteen goldfields in the state, 
and it is estimated that over 20,000 miners are actively 
engaged in the search for gold. In 1899 the production 
amounted to 1,644,000 oz., as comiwued with 30,310 oz. 
in 1891, Of all the Australian states South Australia 
has proiiuced the smallest quantity of gold, the total out- 
put from the commencement of mining o{)erations being 
valued at little more than £2,213,000 sterling. The 
following table gives the value of gold raised from tlui 
commencement of mining to the close of the year 1899 : — 


sute. 

New South Wales 
Viotoria 
Queensland 
^ttth Australia . 
West Australia . 


Value Producwl 
£47,546,000 
254,157,000 
47,838,000 
2,SQ3,000 
16,^6,000 


The production of gold, which had been declining 
steadily for many years, rea<^ed the lowest point in 1886. 
Since then there has l^n a marked revi^ The pro- 
duction of gold in each state in 1899 is given below 
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state. 

Welglit. 

Oz. 

Value of Odd. 

New South Wales 
Victoria • 

496,196 

854,500 

£1,751,816 

3,418,000 

Queensland 

946,894 

2,838,119 

&uth Australia 

23,123 

79,041 

6,246,788 

West Australia . 

. 1,648,877 


The following ehows the number of minerg at work :■ 


state. 

New South Wales 
Victoria 
Queensland . 
South Austral b . 
West Australia . 


Miners Bmployed. 

e 19,800 
. 30,100 
. 0,800 
2,000 
. 21,000 


% 


Tlie greatest dovelo])meiit of quartz roe£ug b found in 
Victoria, some of the mines being a great depth. There 
are seven mines in the Bendigo district over 3000 feet 
dee]), and fourteen over 2500 feet deep. In LanselVs 180 
Mine a depth of 3352 feet has been reached, and in 
Lazarus Mine 3424 feet. In the Ballarat dbtrict a depth 
of 2520 feet lias been reached in the South Star Mine. 


Silver haB been discovered in all the states, either alone or in 
the form of sulphides, antimonial and arMonical ores, chloride, 
bromide, iodide, and chloro-bromtde of silver, and argentiferous 
lead ores, the largest deposits of the metal being found in the 
last-mentioned form. The loading silver mines are in New South 
Wales, the returns from the other slates being cxtmparatlvely 
iusiguificant. Tlie fields of New South Wales have proved to w 
of immense value, the yield of silver during 1899 being £2,070,400, 
and the total outjmt to the end of the year named £28,000,000. 
The Hrolvoii Hill field, which was discoverod in 1883, extends over 
2500 sqimi-e miles of country', and has devcloj^d into one of the 
prineinal mining centres of the world. It is situated beyond the 
river Darling, and close to the boundary between New South 
Wales and South Australia. The lodes occur in Slluiian meta- 
inor|»hic micaceous s<*hists, intruded by granite, porphyry, and 
diorite, and travel acd by numerous (juartz reefs, some of which tiro 

f old-bearing The Broken Hill lodo is the largest yet discovered. 

t varies in width from 10 feet to 200 feet, and may be traced for 
several miles. Although iiuUcatioiis of silver abound in all the 
other states, no holds of great importance have yet Iteen die- 
covered. Up to the end of 1899 Australia has produced silver to 
the value of £29,559,000, of which nearly £28,000,000 was obtained 
from the fields of Now Houtli Wales. 

Copper is known to exist in all the states, and has lieen mined 
extensively in South Australia, and on a much smaller scale in 
New South Wales and Queensland. The low quotations which 
have ruled for a number of yeais Imve had a dci»icssing effect upon 
the industry, and many luinos once profitably worked have now 
been closed. The discovery of co])por had a marked effect on the 
fortunes of Soutli Australia at a time when the young colony w'l'is 
suiToundcd by difficulties* Tin* first important nunc, the Kajamda, 
was o{>ened up in 1842. It is estimated that at one time 2000 
tons were ))rodur*ed annuali}', but the mine was closed in 1879. 
In 1845 the celebrated Burra Burra Mine was discovered. This 
miiio proved to bo very rich, and ])aid £800,000 in dividends to 
the original owners. For a uumlicr of years, however, the mine 
has lieeii suffered to reimiiu untouched, as the do]K}sits originally 
worked \M‘ie found to be depleted. For many years the average 
output was from 10,000 to 13,000 tons of ore, yielding from 22 to 
23 ])er cent, of co])]>er. For the period of thirty years during 
whioh the mine was worked the production of ore amounted to 
234,648 tons, equal to 51,622 tons of copper, valued at £4,749,924. 
'fhe Wallaroo and Moonta mines, aiacovered in 1860 and 
1861, proved to be even more valuable than the Burra Biinti, 
the Moonta mines employing at one time upwards of 1600 
hands. The dividends paid by these mines amounted to about 
£1,750,000 sterling. The satisfactory price obtained during recent 
years has enabled renewed attention to be paid to copper mining 
in South Australia, and tlie production of the metal in 1899 was 
valued at £406,000. The cop])er iniuiug industry in New South 
Wales roacheil its highest point in 1888, wdieii the production was 
valued at £472,982. Tlie priiicinal defiosits of copper are found in 
the central part of the state between the Macquarie, Darling, 
and Bomi rivers. Dciiosits have also beim found in the New 
England and Soutlicm districts, as well as at Broken Hill, showing 
that the mine{al is widely distributed throughout the state. 
The more important miuos are those of Cobar, where the Great 
Gobar Mine produced, in 1899, 3794 tons of refined copper, valued 
at £265,580. In Noilhem Queensland copper is found throughout 
the Cloncurry district, iii the upjier basin of the Star river, and 
the Herberton district. Tlie returns from the copper fields in the 
alMto are at present small, owing to the lack of suitable fhel for 
smelting purposes, which renders the economic treatment of the 


ore difficult ; the development of the minee is also greatly retarded 
by the want of tiuty and cheaper eommuaioatioii with the ooaet 
In West Australia cemper deposits have been worked for some 
yean. Very rich lodee of the metal have been found ^in the 
Northampton, Mmthison, and Champion Bay districts, and ideo 
in the coontiy to the south of these dtotricte on the Irwih river. 
As in the other copper-producing states, there has been a revival 
of the induati^ in West AuetraTia, the production in 1899 being 
valned at £S6,900 l The total value of copper produced in 
Australia up to the end of 1899 was £29,402,000 sterling. 
£21,936,000 having boon obtained in South Auetralia, £6,O19,0A 
in New South Wales, and over £2,082,000 in QueensUnd. 

Tin was known to exist in Australia from the first years of 
colonization. The weal& of Queensland and the Northern Terri- 
tory of South Australia in this mineral, according to the reports of 
Dr Jack, late Government geologist of the former state, and the 
late Rev. J. £. Tenison-Woods, aiipeara to be very great. The most 
important tin mines in Queensland ai-e in the Herberton distiict, 
south-west of Cairns ; at Cooktown, on the Annan and Bloomfield 
rivers ; and at Stanthor])e, on the border of New South Wales. 
Herberton and Stauthoiqie have produced mom than three-fourths 
of the total production of the state. During the past few years 
the prcKluotion has greatly decreased in consequence of the low' 
price of the metal, but in 1899 a stimulus was given to the 
industry, and the production was valued at £77,000. In New 
South Wales lode tin occurs ])rincipally in the granite and stream 
tin under the basaltic country in tlie extreme north of the state, 
at Tenterfield, Emmaville, Tingha, aud in other districts of New 
England. The motal has also been discovered in the Barrier 
Ranges, and many other x»lsccs. The value of the output in 
1899 was sot down at £90,000. The yield of tin in Victoria is 
very small, and until lately no fields of importance have been 
discovered ; but towaids the latter end of 1890 extensive deposits 
were rejxirted to exist in the Gi]>|)sland district — at Omeo and 
Tarwin. In South Austradia tin mining is iiniiiiiiortaiit. In 
West Australia the production from the tin fields at Qreon- 
buslies was valued in 1899 at £25,000. The value of tin produced 
in Australia is about £100.000 per annum, and the total production 
to the cud of 1899 was valued at £11,743,000, of which £6,383,000 
w'as obtained in New* South Wales and £4,526,000 in Queensland. 

Iron is distributed throughout Australia, hut for want of 
cax)ital for developing the fields this industry has not progressed. 
In New South Wales there are, together w'ith coal and limostone 
in unlimited supply, im]x>i'tant dc])osits of rich iron ores suitable 
for smelting purposes ; and for tbc manufacture of steel of certain 
descriptions abundance of manganese, chrome, and tun^ten ores 
are available. The most extensive fields are in the Mittagong, 
IfVallorawaiig, and Rylstone districts, which are roughly estimated 
to contain in the aggregate 12,944,000 tons of ore, containing 
5,853,000 tons of metallic iron. Magnetite, or mamictic iron, the 
richest of all iron ores, is found in abundance near Wallerawang in 
New South W’^alos, The proximity of coal-beds now being wo^cd 
should accelerate the devclojimcnt of the iron dcjiosits, which, on 
an average, contain 41 ]>er cent, of metal. Maraetite occurs in 
great abundance in West Australia, together with nsematite, which 
would be of enormous value if cheap labour were available. 
Goethitc, limonite, and heematite are found in New South WTales, 
at the junction of the Hawkesbury sandstone formation and the 
W^ianamatta shale, near Nattai, and are enhanced in their value 
by tbeir proximity to coal-beds. Near Lithgow extensive deposits 
of limonite, or clay -band ore, are interbeimed witli coal. Some 
samples of ore, coal, and limestone, obtained in the Mittagong 
district, with ])ig-iron aud castings manufactured therefrom, were 
exhibited at the Mining Exhibition in London and obtained a 
first aw ard. 

Antimony is widely diffused throughout Australia, aud is 
sometimes found assoc iated with gold. In New South Wales the 
principal centre of tliis iudustiy is Hillmve, near Armidale, 
where the Kleanora Mine, one of the ririiest in the state, is 
situated. The ore is also worked for gold. In Victoria the 
production of antimony gave employment in 1890 to 288 miners, 
out, owing to the low price of the metal, production has almost 
ceased. In Queensland the fields were all showing development in 
1891, wiicn the output exhibited a very large increase compared 
with that of former years ; hut, as in the case of Victoria, the 
production of the metal seems to have ceased. Good lodes of 
stibnite (sulphide of antimony) have been found near Boebonme, 
in West Australia, but no attempt has yet been made to work 
them. 

Bismutli is know*n to exist in all the Australian states, hut up 
to the present time it has been mined for only in three statss, 
viz., New South Wales, Queensland, and South Australia. It is 
usually found in association with tin and other minerals. Tlie 
lirincipal mine in New South Wales is situated at Kingi^te, in 
the New England district, where the mineral is generally asMciated 
with molybaenum and gold. 

Manganese probably exists in all the states, deposits having 
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been found in New Soatb Wales, Victoria, Queensland, and when associated with silver. In West Australia the leatl occurs 
West Australia, the richest spec^ens being found in New in the form of sulphides and carbonates of great nchnesB, but 
Soutln Wales. Little, hov^ver, hi^ been done to utilize the the quantity of silver mixed with it is veiy small. The lodes are 
^posits, the demands of the colonial markets being extremely most frequently of gi'cat size, containing huge masses of galena, 

limited.^ The ore generally occurs in the form of oxides, and so little gangiie that the ore can very easily be dri^ssed to 83 

mangani^ and pyrolusito, and contains a high porcentago of or 84 jwr oent. The association of this metal with silver in tlie 
sesquioxide of manganese. Broken Hill mines of New South Wales adds very greatly to tlic 

Platinum and the allied compound metal Iridosmiiie have lieen value of the product. Up to the end of 1899 the quantity of lead 
found in Now South Wales, but so far in incoTisiderablo qiiantitlos. iu the ores raised is estimated to have been 623,000 ions, 
Iridosmine occurs commonly with gold or tin in alluvud dnfts. Mercury is found in New South Wales and Queensland. In 

The noble metal Tollurium has been discovered in Now South New South Wales, in the form of cinnabar, it has been discovered 
Wales at Bmgara and oUier parts of the iiorth(rii districts, as on the Cudgo^jong river, near Rylstone, and it also occurs at 

well as^ at Taran^^ on the western line, though at pn^yseiit in Ihiigara, Solfermo, Yulgilbar, and Cooma. In the last-named 

simh minute quwtiticd as would not repay tho cost or working, place the assayn of ore yielded 22 per cent, of mercury. 

At K»any of the mines at Kalgoorlic, West Australia, large Titanium, of the varieties known as octahodrito and brookite, is 
quantities of ores of tollundo of gold have been found m the lode found in alluvial deposits in New South Wales, iu coniunction 
formations. with diamonds. •* 

Lead is found in all tlio Australian states, but is worked only Wolfram (tungstate of iron and manganese) occurs in some of 
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the states, notably in New South Wales, Victoria, and Queens- was rapidly becoming a valuable one, but tho low price of chrome 

land. Soheolito, another variety of tungsten, is also found in has greatly restricted the output. In 1899 tho production was 

Queensland., Molybdenum, in the form of molybdenite (sulphide valued at £17,000. 

of molybdenum), is found in New South Wales and Victoria, Arsenic, iii its well-known and beautiful forms, orpimont and 
associated in the former state with tin and bismuth in quartz rcalgai, is found in New South Wales and Victoria. It usually 
reefs. occurs in association with other minerals in veins. 

Zinc ores, in the several varieties of (sarbonutes, silicates, oxide, Tho Austmlian states have been bountifully supplied with 
sulphide, and sulphate of zinc, have been found in several of tho mineral fuel. Five distinct varieties of black coal, of well- 
Auatralian states, but have attracted little attention. characterized ty^ws, may bo distinguished, and those, with the two 

Nickel, so alnindant in the island of Now Caledonia, has up to extremes of brown coni or lignite and anthracite, form a perfectly 
the present been found in none of tho Australian states except continuous series. Brown coal, or lignite, occurs principally 
Queensland. Few attempts, however, have been ma<lo to prospect in Victoria. Attempts have frequently been made to use tho 
systematically for this vaiiiablo mineral. mineral ordiriarv fuel purposes, but its inferior quality has 

Ck»balt occurs in New South Wales an<l Victoria, and efforts prevented its general use. Black coal forms one of the princi|ial 

have been made in tho former state to treat the ore, the metal rosourcesof New South Wales; and in tho other states tho deposits 
having a high commercial value ; but tho market is small, and no of this valuable mineral are being rapidly developed. Coal of a 
•ttempt has yet boon irado to produce it on any largo scale. Tho very fair description was discovered in tho basin of tlie Irwin 
.. manganese ores of the Bathurst district of Now South Wales often river, in West Australia, as far back as the year 1846. It has 
contain a small poroontago of cobalt, sufficient, indeed, to warrant been ascertained from recent explorations that the area pf — 
fhrther attempts to work them. In New South Wales chromium carbouiferous formation in that state extends from the Irwin 
is found in tRo northern portion of the state, in tho Ularence northwanis to the Gascoyne river, about 800 miles, stkI probably 
and Tamworth districts, and also near Qnndagai It is usually all tho way to the Kimberley district. Tho most important 
associateil with serpentine. In the Gundagai district the industry discovery of coal in ,the state, so far, is that made in the bed of 
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the Collie river, near Bunbniy, to the south of Perth. The coal 
has been treated and found to be of good quality, and there are 
grounds for 8 up|> 08 ing that there are 260,000,000 tone in the field. 
Dr Jack, late Government geologist of Queensland, conaiders the 
extent of the coal-fields of tnat state to be practically unlimited, 
and is of opinion that the Carboniferous formations extend to a 
considerable distance under the Great Western Plaina It is 
roughly estimated that the Coal Measures at present practically 
explored extend over an area of about 24,000 square miles. Coaf- 
mining is an established industry in Queensland, and is promssing 
satisfactorily. The mines, however, are situated too far nom the 
coast to ])ermit of serious comiietition with Kewoastle in an export 
trade, and the output is practically restricted to supplying local 
rcquireuionts. New South Wales still exports coal to Queensland. 
The production of the state is about 400,000 tons a year, three- 
fourtns of wlilch is obtained in the I]:i8wich district. The coal- 
fields of New South Wales are situated m throe distinct regions — 
the northern, southern, and western districts. The first of these 
comprises chiofiy the mines of the Hunter river districts; the 
second includes the lllawarra district, and, |;enerally, the coastal 
regions to the south of Sydney, together with Berrima, on the 
table-land ; and the third consists of the mountainous regions on 
the Groat Western Railway, and extends as far as Dubm>. The 
total area of the Carbon ifei'ous strata of New South Wales is 
estimated at 23,060 square miles. Tlie seams vary in thickness. 
One of the richest has been found at Greta in the Hunter river 
district ; it contains an average thickness of 41 feot of clean coal, 
and the quantity underlying each acre of ground has been com- 
puted to be 63,700 tons. The coal mines in New South Wales 
give employment to 10,340 persons, of whom 8220 are employed 
underground and 2120 above ground, and the annual production 
is about 4,700,000 tons. Bmck coal lias been discovered in 
Victoria, and about 250,000 tons are now being raised. The 
princi|)al collieries in the state are the Outtrirn Howitt, the Coal 
Creek Proprietary, and the Jumbunna. In South Australia, at 
Leigh's Creek, north of Port Augusta, coal-beds liave been dis- 
covered. The quantity of coal extracted annually in Australia has 
now reached 6,250,000 tons, the estimated production of each state 
up to the end of 1809 being as follows : — 

Tons. 

New South Wales .... 86,000,000 

Victoria 1,600,000 

Queensland 6,700,000 


This industiy gave direct employment in and about the mines to 
the following numbers of persons in the several states : — 

Hiners. 

New South Wales 10,340 

Victoria 900 

Queonsland 1,100 

Kerosene shale (torbauite) is found in several parts of Now 
South Wales. It is a aperies of canucl coal, soTnowiiat similar to 
the Boghead mineral of Scotland, but yielding a much larger 
peroentage of volatile hydro-carbon than the Scottish mineral. 
The richest quality yields about 100 to 130 gallons of crude oil per 
ton, or 17,000 to 18,000 cubic foot of gas, with an illuminating 
power of 35 to 40 sperm candles, when gas only is extracted from 
the shale. From tiio year 1865, when the mines were first opened, 
to the end of 1899, the quantity of kerosene shale raised has 
amounted to 996,000 tons, valued at £1,908,000. 

Large deposit^) of alum occur close to the village of Bulladelah, 
30 miles from Port Stephens, New South Wales. It is said to 
yield well, and a quantity of the manufactured alum is sent to 
Sydney for local consumption. Marble is found in many parts of 
Now South Wales and South Australia. Kaolin, fire-clays, and 
brick-clays are common to all the states. Except in the vicinity 
of cities and townships, however, little use has been made of the 
abundant deposits of clay. Kaolin, or porcelain clay, although 
capable of application to commercial purposes, has not as yet been 
utilized to any extent, although found in several places in New 
South Wales and in West Australia. 

Asbestos has been found in Now South Wales in the Oundagai, 
Bathurst, and Broken Hill districts — in the last-mentioned district 
in considerable quantities. Several specimens of very fair quality 
iiave also been met with in West Australia. 

Many descriptions of gems and gem stones have been discovered 
in various parts of the Australian states, but systematic search 
has been made principally for the diamond and the noble opal. 
Diamonds are found iti all the states ; but only in New South 
Wales have any attcnqits been made to work: the diamond 
drifts. The best of the New South Wales diamonds are 
harder and much whiter than the South African diamonds, 
and arc classified as on a ])ar with the best Brazilian gems, 
but no largo siiecimens have yet been found. The finest opal 
known is obtained in the Upper Cretaceous formation at White 
Clins, near Wiloannia, Now South Wales, and at these mines 
about 700 men find constant employment. Other precious 


stones, including the sapphire, emerald, oriental emerald, mby, 
opal, amethyst, garnet, ^rysolite, topaz, cairngorm, onyx, ziroifc, 
Ao., have \mn found in the gold and tin-bearing drifts and:) rivei 
gravels in numerous localities throughout Uie states. The 
sapphire is found in all the states, principally in the neighbour- 
hood of Beeohworth, Victoria. The oriental topaz has been found 
in New South Wiles. Oriental amethysts also nave been found in 
that state, and the ruby has been found in Queensland, as well os 
in New South Wales. Turquoises have been found near Wangar- 
atta, in Victoria, and mining operations are being carried on in 
that state. Ohrysobexyls have been found in Now South Wales ; 
spinel rubies in New South Wales and Victoria ; and wliite topas 
in all the states. Chalcedony, oarnelian, onyx, and oat's eyes 
are found in New South Wales ; and it is probable that they are 
also to bo met with in the other states, particularly in Queens- 
land. Zircon, tourmaline, garnet, and other precious stones ol 
little commercial value are found throughout Australia. 

Comnutrce * — ^Tho shipping trade has expanded very greatly since 
1871. In that year tno tonnage entered in all the ports of 
Australia was only 1,679,700 tons; in 1899 it was upwards ol 
9,998,000 tons. These fibres must be taken with qualification, an 
many of the steamers tradiiig between Europe and Australia call at 
the princi^l ports of West Australia, South Australia, Victoria, 
and Now South Wales, and are set down in the returns as entered 
at all these ports, so that the total tonnage is exaggerated ; but 
when every allowance is made on this score, it will bo found that 
Australia required nearly six times as muoh shipping in 1899 to 
carry its trade as it did in 1870. The value of goods imported into 
the various states in 1899 was £61,801,076 ; in 1891, £63,505,225 ; 
ill 1881, £44,094,588 ; and in 1871, £26,195,760 ; and the ex- 
ports during the same period were — 1899, £74,488,702; 1891, 
£61,698,082; 1881, £41,111,798 ; 1871. £32,860,762. The im- 
ports in 1899 represent £17, 11s. Od. and the exports £21, 3s. Id. 
per inhabitant. Those figures, however, refer to the gross trade ; 
to arrive at the trade with countries outside Australia a considerable 
reduction will have to be made, as the value of re-exports in 189fi 
was approximately £18,636,000, equal to £5, 5 b. lOd. per inhabit 
ant; in that year the net imports amounted to £12, 5s. 2d. poi 
inhabitant, and the net exports to £15, 178. 8d. The bulk of the 
Australian trade is in British hands, about 35 per cent, of the im 
ports are from Great Britain and about the same proportion of the 
exports are sent to that country. Australia has long been a 
favourite place for British investments, and under normal con> 
ditions the exports should exceed the imports to the extent of about 
£10,000,000 or £1 1, 000,000 sterling.which is the amount of income 
derived from British investments in Australia ; but as the state 
Governments are constantly adding something to their indebtedness 
and capital is still being sent to Australia for investment, the 
excess of exports rarely eauals the amount named. The principal 
items of export are wool, skins, tallow, frozen mutton, chilled 
beef, preserved moats, butter, and other articles of pastoral produce — 
timber, wheat, flour, and fruits ; gold, silver, lead, copper, tin, and 
other metals. The weight of wool exported was 458,783,000 lb, 
which is less by 100,000,000 lb than the export in some previous 
years, the falun^-off being due to the effects of the dry seasons 
which have prevailed throughout Australia for nearly five years. 

Railways, — Almost the whole of the railway lines in Australia 
are the property of the state Governments, and have been con- 
stnK'ted ana equipped wholly by borrowed oapital. There were 
on the 30th June 1900, 12,448 miles ^en for traffic, upon which 
£118,483,048 had boon exjiendcd. The railways are of differ- 
ent gauges, the standard narrow ^uge of 4 feet 81 inches 
prevailing only in New South W^es ; in Victoria the gauge 
IS 5 feet 3 inches ; in South Australia 5 feet 8 inches and 3 
feet 6 inches, and in the other states 8 feet 6 inches. Taking 
the year 1900, the gross carniuj^ amounted to £10,094,481, the 
working expenses, exclusive of interest, £6,164,402, and the 
not earnings £3,030,029 ; the latter figure represents 8*8 (ler 
cent. u))on the oapital expended upon construction and equipment. 
In two of the states, New South Wales and South Australia 
proper, the railways yield more than the interest paid by the 
Government on the money borrowed for their construction; in 
Victoria the return is equal to 2*8 per cent., in Queensland 2*7, 
New South Wales 8*6, West Australia 5*8, and South Australia 
proper 8*9 per cent., but in the Northern Territory of the latter 
colony the working expenses have exceeded the^ross earning ever 
since the railways were constructed. The earning per tram mile 
vary greatly ; but for all the lines the average is six shillings, and 
the working expenses about three shillings and sixpence, making 
the net earning two shillings and sixpence per train mile. The 
ratio of i^ceipts from coaching traffic to total receipts is about 46 
per cent., which is somewhat less than in the United Kingdom ; but 
the proportion varies matly amongst the states themselves, the 
more densely-populatea states approaching most nearly to the 
British standard. The tonnage of goooB carried amounts to 
about 13,091,000 tons, or over 3*7 tons per inhabitant, which 
most bo considered fairly large, especially os no great pro- 
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portion of tbo tonnage oonsiate of minerals on which there is 
utnally a low freightage. Excluding coal lines and other lines 
not gpen to general traffic, tho len^h of railways in private 
hands is only 382 miles, or about 8 per cent, of the total mileage 
onen. Of this length, 277 miles are in West Australia. The 
divergence of policy of that state from that pursued by the other 
states was caused by the* inability of tho Government to con* 
struct lines, when the extension of the railway system was urgently 
needed in the intexusts of settlement. Private enterprise was 
therefore onoouraged by liberal grants of land to undertake tho 
work of construction ; but the ohan^d conditions of tho state 
have now altered the state policy, and the Govcrnuiont liave already 
acquired one of the two trunk lines constructed by private enter- 
pri^, and it is not likely that any farther concessions in regard to 
railway construction will be granted to private persons. 

Posts artd Teleffrap?u , — Tlie postal and telegraphio facilities 
offered by tho various states are very considerable. There are 
some 6800 post offices supported by the different Governments, or 
about one office to every 600 persons. The letters carried amount 
to about 64 per head, the newspapers to 27 per head, and the 
packets to 10 per head. Tho length of telegraph lines in use is 
42,200 miles, and tho length of wire about 2J; times tliat distance. 
In 1890 there were about 7,746,000 telegraphic mess^es sent, 
which gives an average of two messages |)or inhabitant. The postal 
services and the telegraphs are administered by the Federal Govern- 
ment. 

ifanW/y.— Depositors in Savings Banks number about one- fourth 
of the whole population. In June 1900 tho sum deposited was 
i;27,lll,360 to the credit of 851,000 persons. In the ordinary 
banks the amount on deposit was £86,960,208, of which 
£50,662,108 bore interest. In 1871 the do]>osits in tho Savings 
Banks amounted to £8,003,393 ; in 1881, £7,624,186 ; in 1891, 
£14,982,176 ; and in 1899, £27,111,360. 

llKCENT History, 

The history of Australia since 1873 i.s mixinly comprised 
in its industrial progress, for, with the exception of the 
advent of the Labour party and the Federation Government, 
there have been no occurrences of such political import- 
ance as to call for special mention. Tho four eastern 
states had the iirivilege of resiionsible government 
bestowed on them at various dates between 1855 and 
18G0. After tho establishment of responsible government 
tho main questions at issue were tho secular as opiioscd 
to the religious system of public instruction, protection as 
op|X)sed to a revenue tariff, vote by ballot, manhood 
suffrage, abolition of traii8])ortation and assignment of 
convicts, and free selection of lands before survey ; these, 
and indeed all the great questions upon which the country 
was divided, were settled Ixeforo the year 1873. With 
the disposal of these important problems, politics in 
Australia became a struggle for office bi^twecn men whose 
political principles wore very much alike, and the tenure 
of power enjoyed by the various Governments did not 
depend upon tho principles of administration so much as 
u{)on the personal fitness of the head of the ministry, and 
the acceptability of his ministry to tba members of the 
more popular branch of the legislature. For tho most 
jxart, therefore, the history o ’ the colonies is a catalogue 
of their domestic events, such a thing as a foreign policy 
being quite unknown. The leading politicians of all the 
states liave felt the cramping effects of mere domestic 
legislation, albeit on tho proper direction of such legislation 
de^iends the well-being of the people, and to this sense of 
the limitations of local politics is due, as much as to any- 
thing else, the movement towards federation, now happily 
consummated. 

Taking the states as a whole, agrarian legislation has 
been the most important sul^ect that has engrossed the 
attention of their parliaments, and every state 
bas been more or less engaged in tinkering with 
its land laws. The main object of all such 
legislation is to secure tho residence of the owners on the 
land. The object of settlers, however, in a great many, 
perhaps in the majority of instances, is to dispose of their 
holdii^ as soon as possible after the requirements of the 


law have been complied with, and to avoid permanent 
settlement. This h^ greatly facilitated the formation of 
large estates devoted cmefly to grazing purixoses, contrary 
to the i)olicy of the legislature, which has everywhere 
sought to encourage tilLge, or tillage joined to stock 
reading, and to discourage largo holdings. The inqxxrtance 
of the land question is so great that it is hardly an 
exaggeration to say tliat it is usual for every parlianu'nt 
of Australia to have before it a proposal to alter or amend 
its land laws. Since 1870 there have been four radical 
changes made in New South Wales. In Victoria the law 
has been altered five times, and in Queensland and South 
Australia six times. Apart from tho settkiment of agrarian 
questions, recent Australian x>olitic8 have concerned thein- 
Bclves with the prtwention or regulation of the influx of 
coloured nices, the prevention or settlement of labour dis- 
putes, and federation. The agitation against the influx 
of Chinese commenced very soon after the gold discoveries, 
the European miners objecting strongly to the presence of 
these aliens upon the diggings. The allegations made 
concerning tho Chinese really amounted to a charge of 
undue industry. Tho Chinese were liard-workiiig and had 
the usual fortune attending those who work hard. They 
Silent little on drink or with the storekeoiiers, 
and were, therefore, by no means popular. As 
early as 1860 there had been disturlianccs of a ***** 
serious character, and the Chinese were chased off the 
goldfields of New South Wales, serious riots occurring at 
Lambing Flat, on the Burrangong goldfield. The Chinese 
difficulty, so far as the mining poimlation was concerned, 
was solved by the exhaustion of the extensive alluvial 
deposits; the niineis^ prejudice against the race, however, 
still exists, though the^y are no longer stTious comiietitors, 
and the laws of some of the states forbid any Chinese 
to engage in mining without the exi>res8 authority in 
writing of the Minister of Mines. The nearness of 
China to Australia has always appean>d to the Australian 
democracy as a menace to the integrity of the white 
settlements ; and at the many confertmees of representa- 
tives from tho various states, called to discuss matters 
of general concern, the Chinese question has always held 
a prominent place, but the absence of any federal 
authority has made common action difficult. In 1888 
the last important conference on the Chinese question was 
held in Sydney and attended by delegates from all the 
states. Previously to the meeting of the conference there 
had been a groat deal of discussion in regard to the influx 
of Chinese, and such influx was on all sides agreed to be 
a growing danger. Tho conference, therefore, merely 
expressi^d the public sentiment when it resolved that, 
although it was not advisable to prohibit altogether this 
class of immigration, it was necessary in the public 
interests that the number of Chinese privileged to land 
should bo so limit ' 1 as to prevent the people of that race 
from ever becoming an important element in the com- 
munity, Tho New ^uth Wales parliament was considering 
a Chinese Exclusion Bill when the confertmee of 1888 was 
summoned, and ultimately passed a law which in some 
respects went much beyond tho agreement arrived at. 
Under the New South Wales law masters of vessels are for- 
bidden, under a heavy i^nalty, to bring to tho colony more 
than one Chinese to every 300 tons, and a poll-tax of £100 
is charged on every Chinese lauding. In Victoria, Queens- 
land, and South Australia no poll-tax is imposed, but 
masters of vessels may bring only one Chinese to every 
500 tons burden. West Australian legislation was until 
recently similar to that of the three last-named states, « 
but has now been suiierseded by the Coloured Immigrants 
Eestriction Act. Tasmania allows one Chinese passenger 
to every 100 tons, and imposes a ]x)ll-tax of £10. These 
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stringent regulations have had the effect of greatly re- 
stricting the influx of Chinese, but in spite of all pre- 
cautions there is still some immigmtion. The only other 
alien race present in large numbers in Australia are the 
Polynesians in Queensland, where they number about 
9000. Of late years there has btjcn an influx of Hindoos 
and other Eastern races, sufficiently large to cn.U8e a feeling 
of uneasiness amongst the colonists ; and in some of the 
states the evil has been dealt with by jjarliament, and 
restrictive legislation has been passed which meted out to 
those immigrants somewhat similar treatment to that 
accorded to the Chinese. But a very large proportion of 
the Asiatics, whose entrance into the colonies it was 
desired to stoj), were British subjects, and the Imperial 
Covernmcuit refused to sanction any measure directly pro- 
hibiting in plain terms the movement of British subjects 
from one j)art of the empire to another. Eventually, the 
difficulty was overcome by the application of an educational 
test to the coloured races seeking admission to the states, 
whereby they are required to write out in some Euro|)ean 
language an application for j^ermission to enter the colony 
in which they jiroposo to reside. This provision is taken 
from an Act in operation in Natal, which is said to 
have been effectual in preventing an undue influx of 
Asiaiifis. An Act applying the educational test has been 
ill force in West Australia since the beginning of 1898; 
more recently a similar Act was passed in New South 
Wales, whilt‘ the other states have analogous legislation in 
ojKsration. The agitation which this restrictive legislation 
caused was jiroinoted and kept alive almost entirely by 
the trades unions, and was the first legislative triumph 
of the Laliour party, albeit that party was not at the time 
diri'ctly represented in parliament. 

'J'he Laboiu: movement in Australia may be traced back 
to the early days when transportation was in vogue, and 
the free immigrant and the time-expired convict 
mo^ment ^ competition of the bond 

labourer. The great object of these early 
struggles being attained, Labour directed its attention 
mainly to securing shorter hours. It was aided very 
materially by the dearth of workers consequent on the gold 
discoveries, when every man could command his own 
price. When the excitement consequent on the gold finds 
hail subsidi^l, there was a considerable reaction against 
the claims of Labour, and this was gimtly heljied by the 
congested state of the labour market ; but the principle of 
an eight-hours day made progress, and was conceded in 
several trades. In the early years of the ’seventies the 
colfinies entered ujion an era of well-being, and for about 
twelve years every man, willing to work and capable of 
exerting himself, readily found emidoyment. The Labour 
unions were able to secure in these years many concessions 
both as to hours and wages. In 1873 there was an 
important rise in wages, in the following year there was a 
further advance, and another in 1876; but in 1877 wages 
fell bark a little, though not below the rate of 1874. In 
J882 there was a very important advance in wages; 
carpenters received lls. a day, bricklayers 12s. 6d,, stone- 
masons 11s. Gd., plasterers 12s., painters lls., black- 
smiths 10s., and navvies and general lal>ourers 8s., and 
work was very plentiful. For five years these high wages 
ruled; but in 1886 there was a sharp fall, though wages 
still remained very good. In 1 888 there was an advance, 
and again in 1889. In 1890 matters were on the eve of 
a great change *and wages fell, in most cases to a point 20 
per cent. l>elow the rates of 1885. In 1893 came the 
bank crisis and great restriction in trade. Almost the 
first effect of this restriction was a reduction in wages, 
which touched their lowest in 1895, and fell to a point 
below that of any year since 1850. Since then there has 
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been a marked recovery, and wages stood in 1900 at 
about the same level as in 1873. During the whAe 
period from 1873 onwards, prices, other than of lAxiur, 
have been steadily tending downwards, so that the cost of 
living in 1900 was much below that of 1873. Taking 
everything into consideration the reduction was, perhaps, 
not less than 40 per cent., so that though the nominal or 
money wages in 1873 and 1900 were the same, the actual 
wages were much higher in the latter year. Much of the 
improvement in the lot of the wage-earners has been due 
to the Labour organizations, yet so late as 1881 these 
organizations were of so little account, politically, that 
when the law relating to trades unions was passed in New 
8outh Wales, the English law was followed, and it was 
simply enacted that the purposes of any trades union 
shall not be deemed unlawful (so as to render a member 
liable to criminal prosecution for conspiracy or otherwise) 
merely by reason that they are in restraint of trade. 
After the year 1 884 Labour troubles became very frequent, 
the Now South Woles coal miners in particular being at 
war with the colliery owners during the greater jmrt of 
the six yiuirs intcrveiiiug between then and what is called 
the (Ireat Strike. The strong downwnrd tendency Of 
prices made a reduction of wages imperative ; but the 
labouring classes failed to recognize any such necessity, 
and strongly resented any reductions proposed by 
employers. It was hard indeed for a carter drawing coal 
to a gasworks to recognize the necessity which eoinj^elled 
a reduction in his wages because wool had fallen 20 i)er 
cent Nor were other labourers, more nearly connected 
with the producing interi'sts, satisfied n ith a reduction of 
wages because produce had fallen in price all round. Up 
to 1889 wages held their ground, although work had 
become more difficult to obtain, and some 
industries were being carried on without any 
))rofit. It was at such an inop])ortiine time 
that the most exttuisive (‘ombination of liabour 
yet brought into action against capital formulated its 
demands. It is })osRible that the London dockers’ strike 
was not without its influence on the minds of the 
Australian Labour leaders. That strike had been lil^erally 
helped by the Australian unions, and it was confidently 
predicted that, as the Australian workers were more 
c3ffective)y organized than the English unions, a corre- 
sponding success would result from their course of action. 
A strike of the Newcastle miners, after lasting twenty-nine 
weeks, came to an end in January 1890, and throughout the 
rest of the year there was great unrest in Labour circles. 
On 6th September the silver mines closed down, and a 
week later a conference of employers issued a manifesto 
wffiich was met next day by a counter-manifesto of the 
Intercolonial Lal^>ur Conference, and almost immediately 
afterwards by the calling out of 40,000 men. The time 
chosen for the strike was the height of the wool season, 
when a cessation of work would be attended with the 
maximum of inconvenience. Sydney was the centre of 
the disturbance, and the city was in a state of industrial 
siege, feeling running to dangerous extremes. Biotous 
scenes occurred both in Sydney and on the coal-fields, and 
a large number of special constables were sworn in by the 
Government. Towards the end of October 20,000 
shearers were called out, and many other trades, 
principally concerned with the handling or shipping 
of wool, joined the ranks of the strikers, with the result 
that the jnaritime and pastoral industries throughout 
the whole of Australia were most injuriously disturbed. 
The Groat Strike, as it was called, terminated early in 
November 1890, the employers gaining a decisive victory. 
The colonies were, however, to have other and bitter 
ex|)eriences of strUces before Labour recognized that of 
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all means for settling industrial disputes strikes are, on 
fhe whole, the most disastrous that it can adopt 
Th# strikes of the years 1800 and 1892 are just as 
important on account of their political consequences as 
from the direct gains or losses involved. 

As one result of the strike of 1890 a movement was set 
afoot by a number of enthusiasts, more visionary than 
practical, that has resulted in a measure of more 
or less disaster. This was the planting of a 
earacM. colony of communistic Australians in South 
America. After much negotiation the leader, 
Mr William Lane, a Brisbane journalist, decided on 
Paraguay, and he tramped across tlit* continent, prcacliiug 
a new crusade, and gathering in funds and lecruits in his 
progiuss. On the ICth of July 1893 the first little army 
of “New Australians” loft Sydney in the Ropal Tar, 
which arrived at Monte Video on the 31st of August. 
Other consignments of intending settlors in “ N<*w 
Australia” followed ; but tliougli the settlement is still in 
existene^e it has completely failed to realize the impmeti- 
cable ideals of its urigimil inembeis. The Queensland 
Government has assisted some of the disillusioned to 
escape from the paradise which has proved a ]n*isQii ; some 
managed to get away on their own accjouiit ; ami those 
that have remained Imvo split into as many settlements 
almost as there are settlers. Another effect of the Great 
Strike was in a more practical direction. New South 
Wales was the first country which eiideavonred to settle 
its labour grievances through tlie Ijallot Ikjx and to send a 
great party to parliament as the direct rej>resentatiou of 
Labour, pledged to obtain tlirougli legislation what it was 
unable to obtain by strikes and physical force. The 
principle of one-man one -vote had been persistently 
advocated without arousing any siH'cial parliamentary or 
public enthusiasm until the meeting of the Federal CVm- 
vention in 1891. The convention was atU'iuIod by Sn 
George Grey, who was yiublicly welcomed t(» the colony 
by New’ Zealanders resilient in Sydney, and by other 
admirers, ami his reception wus an absolute ovation. He 
eloquently and persistently advocated the priucij)le of 
one-man one-vote as the bed-rock of all democratic 
reform. This subsequently formed the first plank of the 
Labour platform. Several attempts had been made by 
individuals belonging to the Labour party to 
enter the New’ South Wales ]»arluiment, but 
wUhB, occurrence 

of a general election gave the iKirty the 
looked -for opportunity for eoncerti’d action. The re- 
sults of the election came as a complete surjirise to 
the majority of the community. The Labour party 
captured 35 seats out of a House of 1 25 members ; and as 
the old parties almost cf|ually divided the remaining scats, 
and a fusion was impossible, the Laboui* representatives 
dominated the situation. It was not long, however, before 
the party itself became divided on the fiscal question ; and 
a Protectionist Government coining into power, about half 
the Labour members gave it consistent su[)port and enabled 
it to maintain office for about thrt'C years, the ijarty as a 
political unit being thus destroyed. The events of these 
three years taught the Labour leaders that a parliament- 
ary party was of little jiractical influence unless it was 
able to cast on all important occasions a solid vote, and to 
meet the case a now method W’os devised. The party 
therefore determined that they would refuse to supjiort 
^ any i)erson standing in the Labour interests who refused to 
pl^gAimself to vote on all occasions in such way as the 
majorfty of the party might decide to be expedient, 
^'his was called the “ solidarity pledge,” and, united under 
its sanction, what was left of the labour party contested 
the general election of 1894. The result was a defeat, 


their numbers being reduced from 35 to 19 ; but a signal* 
triumph was won for solidarity. Very few of the mem- 
bers who refused to take the pledge wore returned, and 
the adherents of the united party w'ero able to accomplish 
more with their reduced nunjlnsr than under the old 
conditions. 

The two features of the Labour )»arty in New South Wales are 
its dctacliTnciil from other parties and the control of the caucus. 
The caucus, which is the natural corollary of the detachnient, 
determines by majority the vote of the whole of the members of 
the party, independence of action being allowed on minor questions 
only. So far the party bas refrained from formal alJianco with the 
other great parties of the state. It supports the Govcrumoiit as 
the power alone caisiblc of promoting legislation, but its support 
is given only so long as the mcoHures of the Goveniment are 
consistent with the Labour policy. This position the Labour party 
has been able to maintain with great success, owing to the circum- 
stance that the other }>arties have been almost equally balanced. 

•Jlie movement towards forming a i)arliamentary Labour 
party was not confined to New South Wales; on the 
contrary, it was common to all the colonies 
oxciipt West Australia, .iiid its greatest coloaigM* 
triumphs have been achieved in New Zealand 
and South Australia. Like the organization in New 
South Wal(‘s, the Lalxair jwirty of South Australia owes 
its origin to the fiiilure of the Great Strike of 1890. In 
that year the Trades and Labour Council of Adelaide 
summoned a conference of Labour representatives, at which 
a proposal for the formation of a 2 )iirliainentary party was 
drawn uj) and adopted. The jiolitical jirogramme of the 
new 2>arty was couqireliensive and i>opular, and almost 
imiricHiiaioly on its afloi>tion thr(‘e rejjresentativcs of Labour 
won seats in the Si‘(‘ond Chamber (Legislative Council), 
and at the ensuing general election of 1893 the (mrty 
si'cured 8 seats in tlie assembly out of a total of 54, 
and 6 out of 24 iu the council, thereby gaining a con- 
trolling vote in both Houses. Two general elections have 
since bikcn place, and at each the 2 )arty has maintained 
its position. In 1900 it controlled 12 votes in the tiojiular 
House and 8 in the council. The members of the South 
Australian Labour party differ in one important respect 
from those of New South Wales. They are all 2 >crsonB 
who have w’orked for their living at manual labour, and 
this qualificAtiou of l)eiiig an actual worker is one that 
was strongly insisted upon at the formation of the i)arty 
and strictly adhered to, although the tem])tation to break 
away from it and to accept as candidates {)ersons of 
sufwior education and position has been very great. The 
South Australian Labour party lias maintained the unity 
of its ranks, notwithstanding the fact that several of its 
inemlKirs hold very diverse views on imiiortant questions 
of jiolitical reform, and it i*ecently showed its power by 
displacing the Government of the Eight Honourable C. 
C. Kingston, and almost immediately afterwards ousting 
that of Mr L. Solomon, w’ho succeeded Mr Kingston in 
the preiuievship. In Victoria the Labour jiarty has not 
been so conspicuous as in Now South Wales and South 
Australia. The members of the Victorian Assembly are 
not divided into such distinct parties as arc the members 
of the pojmlar houses of the other colonies, and the Labour 
party has therefore not been able to determine the real 
balance of power. Nevertheless it wields an influence that 
is very much res^iected, as is evidenced by the large amount 
of advanced democratic legislation which has been ^^roposed 
by the various governments that have held office since 
1890, oven by governments with strong Conservative 
leanings. In Queensland the Labour party numbered, in 
1900, 21 out of 72 members in the elective branch o£^ 
parliament, a larger proportion than in any other state ; 
but only for a brief 2 >eriod have parties b^n so evenly 
divided as to give the labour party the balance of power. 
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The brief |ieriod mentioned was towards the close of 1899, when 
dissatisfaction had spread amongst the supporters of the Govern* 
mont of Mr Dickson. That Government was displaced on a 
motion moved by the leader of the Labour party, Mr Dawson, 
supported by the Ojiposition and by a number of members usually 
voting with the Government. Mr Dawson was called on to form 
a government. He did so, and his ministry held office for only 
two days, giving place to a government including all the leading 
members of the previous administration, as well as the leader of 
the former Opposition. 

Australian Federation , — Tho question of federation 
was not lost sight of by tho framers of the original 
constitution which was bestowed upon New South Wales. 
In the report of the comiiiitteo of the Legislative Council 
a))pointed in 1852 to prepare a constitution for that 
colony, the following passage occurs : — “ One of the most 
prominent legislative measures re(|uired by the colony, 
and tho colonies of the Australian group generally, is tho 
establishment at once of a General Assembly, to make 
Jaws in relation to those intercolonial questions that have 
arisen or may hereafter arise among them. The questions 
which would claim the exercise of such a jurisdiction 
appear to be (1) intercolonial tariffs and i)\e coasting 
trade ; (2) railways, roads, canals, and other such worl^ 
running through any two of the colonies ; (3) bcacjons 
and lighthouses on the coast; (4) intercolonial gold 
regulations; (6) postage between the said colonies; (C) 
a general court of appeal from the courts of such colonies ; 
(7) a power to legislate on all other subjects which may 
bo submitted to them by addresses from the legislative 
councils and assemblies of the colonies, and to appro])riate 
to any of the above-mentioned objects the necessary sums 
of money, to be raised by a percentage on tho revenues 
of all the colonies interested.^* This wise recommendation 
received very scant attention, and it was not until the 
necessities of the colonies forced them to it that an 
attempt was made to do what the framers of the original 
constitution suggested. Federation at no time actually 
MMoryot dropj)ed out of sight, but it was not until 
Mentloa thirty-five years later that any pnictical steps 
mow* were taken towards its a(;complishineiit. Mean- 
meai, while a sort of makeshift was devised, and the 
Imperial Parliament passed a measure permitting the 
formation of a Federal Council, to which any colony that 
felt inclined to join could send delegates. Of the seven 
colonies Now South Wales and New Zealand stood aloof 
from the council, and from the beginning it i\as therefore 
shorn of a large share of the prestige that would have 
attached to a body speaking and acting on behalf of a 
united Australia. The council had also a fatal defect in 
its constitution. It was merely a deliberative body, 
liaving no executive functions and possessing no control 
of funds or other means to put its legislation in force. 
Its existence was well-nigh forgotten by the jieople of 
Australia until the occurrence of its biennial meetings, 
and even then but slight interest was taken in its pro- 
ceedings. The council held eight meetings, at which 
many matters of intercolonial interest were discussed. 
Tho last occasion of its being called together was in 
1899, when the council mot in Melbourne. In 1889 
an important stoj) towards federation was taken by Sir 
Henry Parkos. The occasion was tho report of Major- 
General Edwards on tho defences of Australia, and Sir 
Henry addressed tho other premiers on the desirability of 
a federal union ^or pur)X}S 08 of defence. Tho immediate 
result was a conference at Parliament House, Melbourne, 
of representatives from each of the seven colonies. This 
Conference adopted an address to the Queen expressing its 
loyalty and attachment, and submitting certain resolutions 
which affirmed the desirability of an early union, under 
the Crown, of the Australasian colonies, on principles just 


to all, and provided that the remoter Australasian coloni^ 
should be entitled to admission upon terms to be after- 
wards agreed upon, and that steps should be take^for 
the appointment of delegates to a national Australasian 
convention, to consider, and report upon an adequate 
scheme for a federal convention. In accordance with the 
understanding arrived at, the various Australasian parlia- 
ments appointed delegates to attend a national convention 
to be held in Sydney, and on the 2Qd March 1891 the 
convention held its ^st meeting. Sir Henry Parkes was 
elected president, and he moved a series of resolutions 
embod 3 ring tho principles necessary to establish, on an 
enduring foundation, the structure of a federal govern- 
ment. These resolutions were slightly altered by the 
conference, and were adopted in the following form ; — 

1. The powers and rights of existing colonies to remain intact, 
except as regards such powers as it may be necessary to hand over 
to the Federal Government. 

2. No alteration to be made in states without the consent of the 
legislatures of such states, as well as of the federal parliament. 

ii. Trade between tho federated colonies to be absolutely free. 

4. Power to impose customs and excise duties to be in the 
Federal Government and parliament. 

5. Military and naval defence forces to be under one command. 

6. Tho federal constitution to make provision to enable each 
state to make amendments in the constitution if necessary for the 
purposes of federation. 

Other formal resolutions were also agreed to, and on tho 
31st of March Sir Samuel Griffith, as chairman of the com- 
mittee on constitutional machinery, brought up a draft 
Constitution Bill, which was carefully considered by the 
convention in committee of tho whole and ado]>ted on tho 
9th of April, when the convention was formally dissolved. 
The Bill, however, fell absolutely dead. Not because 
it was not a good Bill, but because the movement out of 
which it arose had not popular initiative, and therefore 
failed to reach tho popular imagination. Even its authors 
recognized the apathy of the j>eoplo, and parliamentary 
sanction to its provisions was not sought in any colony. 

Although the Bill drawn up by the convention of 1891 
was not rc(;eived by the people with any show of interest, 
the federation movement did not die out ; on the contrary, 
it had many enthusiastic advocates, esjwcially in the colony 
of Victoria. In 1894 an unofficial convention was held at 
Corowa, at which tho cause of federation was strenuously 
advocated, but it was not until 1895 that the movement 
obtained new life, by reason of the ))ropo8al8 adopted at a 
meeting of Premiers convened by Mr G. H. Beid of New 
South Wales. At this meeting all the colonies except New 
Zealand were represented, and it was agreed that the 
parliament of each polony should be asked to })ass a Bill 
enabling the i)eoi)le to choose ten persons to represent 
the colony on a federal convention; the work of such 
convention Iwiug the framing of a federal constitution to 
be submitted to the people for a))proval by means of tho 
referendum. During the year 1896 Enabling Acts wore 
j>assed by New South Wales, Victoria, Tasmania, South 
Australia, and West Australia, and delegates were 
elected by popular vote in all the colonies named except 
West Australia, where the delegates wore chosen by paiv 
liament. The convention met in Adelaide on the 22nd of 
March 1897, and, after drafting a Bill for tho consideration 
of the various jiarliaments, adjourned until the 2nd 
Septembeor. On that date the delegates reassembled in 
Sydney, and debated the Bill in the light of the suggestions 
made by thq legislatures of the federating colonies. In r 
tho course of tho proceedings it was announced that 
Queensland desired to come within tho proposed union ; 
and in view of this development, and in order to give^ 
further opportunity for the consideration of the Bill, the 
convention again acUoumed. The third and final session 
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ms opened in Melbourne on the 20th of January 1898, but 
(^eenaland was still unrepresented; and, after further 
consftleration, the draft Bill was finally adopted on the 
16th of March and remitted to the various colonies for 


submission to the people. 

In its main provisions the iSll of 1808 followed generally that of 
1891, yet with some very important alterations. It propon^ to 
establish, under the Crown, a federal union of the 
0/1/ of Australasian colonies, to be designated the Common- 
i898. wealth of Australia. A federal cKocutive council was 
created, to be presided over by a governor -general 
appointed by the S^vereira. The legislature was to consist of two 
houses — a Senate, in which each colony joining thr^ federation 
at its inception was conceded the e<iual representation of six 
members ; and a House of Representatives, to consist of, as nearly 
as possible, twice the number of senators, to vrhich the pro> 
vinces were to send members in poportion to population, with a 
minimum of five representatives for ciioh of the original federating 
states. The principle of payment of members was adopted for 
the Senate as well as the House of Representatives. The nominative 
principle for the upper house was rejected, both houses being 
elective, on a suffrage similar to that existing in each colony for 
the popular chamber at tho foundation of the Commonwealth. 
The House of Representatives was to ho elected for a period of three 
years, the term of office of senators was twice that period, but 
half the Senate was to retire every three years. The capital of tho 
Commonwealth was to bo established in federal territory. To the 
federal authority was assigned power to deal with a large number 
of matters, with the provision that in case of coniliot between 
federal and state law the former should prevail. Customs and 
excise were to be taken over on tho establishment of the Common- 
wealth, and posts and telepaphs, naval and military defence, 
lighthouses and lightships, beacons and buoys, and q^rantinc, 
oil dates to be proclaimed, but without further logiuation. A 
uniform tariff of customs and exciso was to bo imposed within a 
iieriod of two years, intercolonial trade then becoming absolutely 
rroc. Besides these were many subsidiary provisions usually 
found in federal constitutions, and provisions of a special character 
such as were needed to meet the peculiar conditions of the 
Australian states. 


The constitution was accepted by Victoria, South 
Australia, and Tasmania by pojnilar acsclamation, but in 
New South Wales very great opposition was shown, the 
main points of objection being the financial provisions, 
equal representation in the Senate, and the difficulty in 
the way of the larger states securing an amendment of 
the constitution in the event of a confiict with the smaller 
states. As far as the other colonies were concerned, it 
was evident that the Bill was safe, and public attention 
throughout Australia was fixed on New South Wales, 
where a fierce political contest was raging, which it was 
recognized would decide the fate of the measure for the 
time being. The fear was as to whether the statutory 
number of 80,000 votes necessary for tho acceptance of 
the Bill would bo reached. This fear proved to bo well 
founded, for the result of the referendum in New South 
Wales showed 71,595 votes in favour of the Bill and 
66,228 against it, and it was accordingly lost. In Victoria, 
Tasmania, and South Australia, on the other hand, the 
Bill was accepted by triumphant majorities. West 
Australia did not put it to the vote, as the Enabling Act 
of that colony only provided for joining a federation of 
which New South Wales should form a i>art. The 
existence of such a strong opposition to the Bill in tlio 
mother colony convinced even its most zealous advocates 
that some changes would have to bo made in the con- 
stitution before it could be accepted by the people ; 
consequently, although the general election in New South 
Wales, held six or seven weeks later, was fought on tlie 
federal issue, yet the opj^osing parties seemed to occupy 
^mewhat the same ground, and the question narrowed 
Itself down to one as to which jMirty should be entrusted with 
the negotiations to be conducted on behalf of the colony, 
Vith a view to securing a modification of tho objectionable 
features of the Bill. The new parliament decided to 
adopt the procedure of again sending tho Premier, Mr 


Beid, into conference, armed with a series of resolutions 
affirming its desire to bring about the completion of 
federal union, but asking the other colonies to agree to 
the reconsideration of provisions which were most 
generally objected to in New South Wales, The other 
colonies interested were anxious to bring the matter to a 
speedy termination, and readily agreed to this course of 
procedure. Accordingly a Premiers’ conference 
was held in Melbourne at the end of January 
1899, at which Queensland was for the first /SJp**^*** 
time represented. At this conference a com- 
promise was effected, something was conceded to the 
claims of New South Wales, but the main principles of 
the Bill remained intact. The Bill as amended was sub- 
mitted to the electors of each colony and again triumph- 
antly carried in Victoria, South Australia, and Tasmania. 
In New South Wales and Queensland there were still a 
large number of jx^rsons opposed to the measure, which 
was nevertheless carried in both colonies. New South 
Wales having decided in favour of federation, the way 
was clear for a decision on the part of West Australia. 
The Enabling Bill passed tho various stages in the 
parliament of that colony, and the question was then 
submitted by way of referendum to the electors. The 
result of the voting (in five colonies in 1899, and in West 
Australia in 1900), was as follows : — 


New South Wales 
Victoria 
Queensland . 

South Australia . 
West Australia (1000) 
Tasmania 


/ for . 

1800. 

. 107.420 

* 1 against . 

. 82,741 

J for . 

. 152,653 

‘ 1 against . 

9,804 

1 for . 

. 86,181 

‘ 1 against 

. 28,965 

/ for . 

. 65,990 

’ 1 against . 

. 17,053 

/for . 

. 44,704 

* \ against . 

. 19,691 

/for . . . 

. 13,437 

* \ against 

791 


In accordance with this verdict, the colonial draft Bill 
was submitted to the Inqwrial Government for legislation 
as an Imperial Act ; and six delegates were sent to England 
to explain the measure and to pilot it through the Cabinet 
and Parliament. These delegates were — Mr Barton (New 
South Wales), Mr Beakin (Victoria), Mr Kingston (South 
Australia), Mr Dickson (Queensland), Mr Parker (West 
Australia), and Sir Philip Fysh (Tasmania). 

Under an Act of the British Parliament, dated 9th July 
1900, passed under the auspices of Mr Chamberlain, 
Secretary of State for the colonies, a proclamation was 
issued, 17th St'ptember of th(? same year, declaring that, 
on and after 1st January 1901, the jieople of New South 
Wales, Victoria, South Australia, Queensland, 

Tasmania, and West Australia should be 
united in a Federal Commonwealth under the 1900. 
name of the Commonwealth of Australia. The 
Act which gave authority for the issue of this proclama- 
tion embodied and established (with such variations as 
had Ixxsn accepted on behalf of the colonies) the constitu- 
tion agreed to at the Premiers’ conference of 1899. It was 
cordially welcomt^d in the mother country, and though its 
passage was marked by certain difficulties, finally became 
Jaw amid signs of general approval. The difiicultics 
arose with regard to the right of appeal to the Queen in 
Council. By clause 74 of the original Bill this right was 
very seriously curtailed ; Mr Chamberlain wished to^pre- 
serve it as in the case of Canada, while,*iu order to dis- 
arm colonial opposition, he suggested tl^t the judicial 
committee of the Privy Council should be strengthen ed * ■ 
by the appointment of four colonial members with the ' 
rank of lords of appeal. But after privately confenring 
with the Australian delegates he with^w this suggestion, 
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and when the second reading of the Bill came on he 
announced that a compromise had been a^ed upon. 
The final form of the disputed clause provided that in 
cases which involved non -Australian interests the right 
of appeal should be fully maintained, and that in questions 
between the Commonwealth and a single state, or between 
two states, leave to ai)peal might be given by the High 
Court of Australia. Mr Chamberlain indicatoi that this 
matter might receive further development at a future 
time, and that it was possible that after consulting 
with the colonies the Coverninent might propose the 
e.stablishment of a |jermanent court of appeal for the 
wliolo empire. Soon after the passage of the Bill the 
choice of governor-general of the new Commonwealth fell 
upon Lord Hopetoun, who liad won golden opinions as 
governor of Victoria a few years before ; Mr Barton, who 
had taken the lead among the Australian delegates, be- 
came first Prime Minister; and the Commonwealth was 
successfully inaugurated at the opening of 1901. 

Tho six colonies entering the Commonwealth were denominated 
original states, and new states might be admitted, or might be 
formed by separation from or union of two or more states or parts 
of states ; and territories (as distinguished from states) might be 
taken over and governed under tho legislative power of the Common- 
wealth. Tlio legislative power is vested in a federal parliament, 
consisting of the Sovereign, a senate, and a house of 
at the Act* *’®pr®»®wtativo8, tlie Sovereign being represented by a 
governor -general. Tho Senate was to consist of the 

same number of members (not less than six) for each state, the term 
of service being six years, but subject to an arrangement that 
half tho number would retire every tlireo years. The House of 
Representatives was to consist of members chosen in the different 
states in numbers proportioned to their population, but never fewer 
than five. The fi rst House of Representatives was to contain seven ty- 
fivo members. B‘'or elections to the Senate tho governors of states, 
and for general elections of tho House of Representatives the so venior- 
^eneral, wouhl cause writs to be issued. Tho Senate would choose 
its own President, and tho House of Representatives its Speaker ; 
each house would make its own rules of procedure ; in each, one- 
third of the nunitjr of members would form a quorum ; tho mem- 
bers of each must take oath, or make afhrmation of allegiance ; 
and all alike would receive an allowance of £400 a year. Tho 
legislative powers of the parliament have a wide range, many 
matters being transferred to it from tlie colonial ^larliaments. Tho 
more important subjects with which it deals are tra<le, shipping, 
and railways ; taxation, bounties, the borrowing of money on tho 
credit of the Commonwealth ; tho postal and tdegraphic services ; 
defence, census, and statistics ; currency, coinage, banking, bank- 
niptcy ; weights and measures ; copyright, i)atont8, and trade 
marks ; marriage and divorce ; immigration and emigration ; con- 
ciliation and arbitration in industrial disputes. Bills imposing 
taxation or appropriating revenue must not originate in tho Senate, 
and neither taxation Bills nor Bills appropriating revenue for tho 
annual servieo of the Government may bo amen<led in the Senate, 
but the Senate may return such Bills to the House of Representatives 
with a request for their amendment. Appropriation laws must not 
deal with other matters. Taxation laws must deal with only one 
subject of taxation ; but rnstoms and excise duties may, reH|)rc- 
tivcly, bo dealt with together. Votes for the appropriation of tho 
revenue shall not pass unless recommended oy the governor- 
general. The constitution provides means for the settlement of 
disputes between the houses, and requires the assent of the Sovereign 
to all laws. The executive power is vested in the governor-general, 
assisted by an executive council a])pointed by himself. He has 
command of tho army and navy, an«l aptmints federal ministers 
and judges. Tho ministers are members of the executive council, 
and must be, or within three months of their api>ointment must 
become, members of the parliament. The judicial powers are vested 
in a higli court and other federal courts, and the federal judges 
hold office for life or daring good behaviour. The High Court has 
apiiellate jurisdiction in cases from other federal courts and from 
the supreme courts of the states, and it has original jurisdiction in 
matters arising under laws made by tho federal parliament, in 
disputes between states, or residents in different states, and in 
matters affecting <the representatives of foreign powera Siiecial 
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provisions were made respecting appeals from the High Court ^o 
tho Sovereign in council. constitution set forui elaborate 
arrangements for the wlministration of finance and trade firing 
the transition period following the transference of departments to 
the Commonwealth. IVithin two years uniform customs duties 
were to be imposed ; thereafter the parliament of the Common- 
wealth had exolusive power to impsse customs and excise ' duties, 
or to grant bounties ; and trade within the Commonwealth was to 
be absolutely fVee. Exceptions were made permitting the states to 
grant bounties on mining and (with the consent of the parliament) 
oil exports of produce or manufactures— West Australia being for a 
time partially exempted from the prohibition to impose jmport duties. 

The constitution, parliament, and laws of each state, subject to 
the foileral constitution, retained their autliority ; state rights were 
carefully safeguarded, and an inter-state commission was given 
powers of adjudication and of administration of the laws relating 
to trade, transport, and other matters. Provision was made for 
necessary alteration of the constitution of tho Commonwealth, but 
so that no alteration could he effected unless tho question had been 
directly submitted to, ond the change accepted by the electorate in 
tho states. Tho seat of government was to be within New South 
Wales, not leas than 100 miles distant from Sydney, and of an 
area not ]e.sB than 100 square miles. Until other provision was 
made, the governor-general %vas to have a salary of £10,000, paid by 
tho Commonwealth. Respecting tho salaries of the governors of 
states, the constitution made no piovision. 
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